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1 INTRODUCTION

We are in the midst of exciting growth and innovative use of mobile broadband, a witness to the spread of
mobile broadband networks, the emergence of new mobile device categories and the expansion of
mobile services—all of which are occurring at an unprecedented pace. Central to this rapid growth are the
Fourth Generation Long Term Evolution (LTE) and High Speed packet Access (HSPA+) technologies, an
evolution of the legacy Second Generation Global System for Mobile Communications (2G GSM)
technology that blankets the world with 3.9 billion connections. The evolution of these 4G systems is of
great importance and for this reason, many questions surround the next generation of wireless
technology: What new features and enhancements will be introduced? Will LTE and HSPA+ of the future
be significantly different than it is today? What are the enhancements to LTE-Advanced and HSPA+ on
the road to 5G? How will LTE provide the foundation for 5G?

Global Mobile Subscribers and Market Share by Technology

T—— March 2015

HSPA

27%
1.9 Billion Subscriptions

7.2 Billion mobile
subscriptions

worldwide
TD-SCDMA GSM
3.3% o
235 Million Subscriptions 56 ‘/0
3.9 Billion
Subscriptions
CDMA
5.4%
386 Million Subscriptions The number of
LTE mobile-connected
9% devices surpasses

the number of
people on earth.

635 Million Subscriptions

& ;’
Source: M March 2015

Figure 1. Global Market Share for LTE and HSPA+ Mobile Broadband."

This extensive and comprehensive document, similar to past white papers, will help in understanding the
future of wireless broadband and how new requirements and technological goals will be achieved. For
this reason, we have titled this year's white paper, Mobile Broadband Evolution Towards 5G: 3GPP Rel-
12 & Rel-13 and Beyond.

! Ovum, March 2015.
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In this white paper, a comprehensive treatment of mobile broadband evolution is presented: global market
trends and milestones for LTE and HSPA are documented; and 3GPP standardization progress on both
Rel-12 and Rel-13 features are detailed.

While Rel-12 continued to build on LTE-Advanced and HSPA+, Rel-13 is in the unique position of being
the Release prior to Rel-14 where it is expected that the first set of features addressing IMT-2020
requirements (towards 5G) will be introduced. Rel-13 was initiated with some early approval of higher
priority items in June 2014 and is expected to be finalized by early 2016. Features and enhancements are
detailed according to LTE-Advanced, HSPA+, and last but not least, Network Services Related
enhancements.

3GPP Release 12

This white paper has a full update on Rel-12 from the 4G Mobile Broadband Evolution: 3GPP Release 11
& Release 12 and Beyond® white paper published in February 2014. Rel-12, which was finalized in
December 2014, contains a vast array of features for both LTE and HSPA+ that bring greater efficiency
for networks and devices, as well as enables newer services. For LTE, downlink MIMO enhancements
further boost the capability of the macro side, while the standardization work on small cells and femto
enhancements continue to advance Heterogeneous Networks (HetNets), including work on mobility.
User Equipment (UE) enhancements, such as the new signaling to support advanced interference
cancellation receivers in the UE, was a focus for Rel-12.

Rel-12 also introduces the Dual Connectivity feature that enables aggregation of component carriers from
different enhanced NodeBs (eNBs), and the ability to support Carrier Aggregation (CA) between
Frequency Division Duplexing (FDD) and Time Division Duplexing (TDD) component carriers. Regarding
new types of services, solutions for the support of Machine Type Communications (MTC), as well as the
support for Device-to-Device (D2D) or Proximity Services (ProSe) were another focus for Rel-12. On the
broadcast side, Multimedia Broadcast/Multicast Services (MBMS) enhancements that include recovery
and measurements were added in Rel-12, in addition to group communication for public safety services.

For HSPA+, enhancements for HetNets are part of Rel-12 that further improvements to Home NodeB'’s,
emergency warning areas, positioning and mobility. Scalability of Universal Mobile Telecommunication
System (UMTS), further Uplink (UL) enhancements (UL transmit diversity, Quadrature Amplitude
Modulation (64QAM) and Multiple Input Multiple Output (MIMQO)), and further Dedicated Channel (DCH)
advancements were also added in Rel-12.

On the network and services side that were introduced to Rel-12, enhancements of MTC include areas of
device triggering, improved support for small data transmissions and lower power consumption, as well as
core network overload enhancements to better manage the expected increased signaling that comes with
network densification and MTC.

Public safety is a prominent theme in Rel-12 and drove new items, with the two main areas of 3GPP LTE
enhancements in ProSe and Group Call System Enablers for LTE (GCSE_LTE).

Wi-Fi integration, both through Access Network Discovery and Selection Function (ANDSF) policy and
Radio Access Network (RAN) rules, optimally perform network selection and traffic steering between the
Wi-Fi and cellular networks for Rel-12. Also, enhancements for Web Real Time Communication

2 4G Mobile Broadband Evolution: 3GPP Release 11 & Release 12 and Beyond, 4G Americas, February 2014.
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(WebRTC) and other multimedia such as Enhanced Voice Services (EVS), enhanced multi-cast and
broadcast services and video were key areas addressed in Rel-12. Work from Rel-11 was continued in
Rel-12 on enhancements to Policy and Charging Control (PCC).

3GPP Release 13

Moving forward, 3GPP focuses on many rich new Rel-13 features. For LTE-Advanced, Rel-13 supports
Active Antenna Systems (AAS), including beamforming/MIMO and Self-Organizing Network (SON)
aspects, enhanced signaling to support inter-site Coordinated Multi-Point Transmission and Reception
(CoMP), CA enhancements to support up to 32 component carriers and Dual Connectivity enhancements
to better support multi-vendor deployments and improved traffic steering. Improvements in RAN sharing
are also being worked as part of Rel-13. Rel-13 continues work from Rel-12 on enhancements to MTC
and ProSe.

Also currently being considered in Rel-13 are: Licensed Assisted Access for LTE (LAA-LTE) in which LTE
can be deployed in unlicensed spectrum; LTE Wireless Local Area Network (WLAN) Aggregation (LWA)
where Wi-Fi can now be supported by a radio bearer and aggregated with an LTE radio bearer; and
Downlink (DL) Multi-User Superposition Transmission (MUST) which is a new concept for transmitting
more than one data layer to multiple users without time, frequency or spatial separation.

For HSPA+, the main Rel-13 items being considered are enhancements for reducing control channel
overhead and support for dual band UL Carrier Aggregation.

With respect to network-related services, Rel-13 introduces Wi-Fi integration enhancements to support
Network-Based IP Flow Mobility (NBIFOM), enhancements to harmonize the support of voice and video
services over Wi-Fi, and enhancements to support Mission Critical Push-to-Talk (MCPTT) over LTE for
public safety. Rel-13 continues work from Rel-12 in optimizing performance for MTC services by defining
a Dedicated Core (DECOR) and Monitoring Enhancement (MONTE) for MTC services, as well as
enhancements to MBMS, ProSe and group communications.

The User Plane Congestion Management (UPCON) feature enables the identification of cells and users in
congested situations so that policy decisions can be used to mitigate congestion and the Application
Specific Congestion Control for Data Communication (ACDC) can manage access attempts on a per
application basis. Architecture Enhancements for Service Capability Exposure (AESE) was added in Rel-
13 to expose valuable information to third party application providers.

This white paper, similar to others done so successfully in the past, has been prepared by a working
group of 4G Americas' member companies. The material represents the combined efforts of many leading
experts from 4G America’s membership.

2 GLOBAL MARKET TRENDS, MILESTONES AND STANDARDIZATION

More than a third of the 7.2 billion people worldwide will be covered by a Fourth Generation Long Term
Evolution (4G LTE) network by year-end 2015 as 4G deployments continue to accelerate across the
globe. In what is becoming a sea change, 4G coverage will be available to roughly 35 percent of the
global population, up from about 27 percent at the end of 2014.
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3GPP Technology Coverage Map

@ International Date Line

Figure 2.1. 4G LTE World Coverage Map - LTE, WiMAX, HSPA+, 3G, GSM.’

In addition to the expansion of LTE networks, the number of LTE connections is also growing rapidly,
more than doubling from 200 million at the end of 2013 to more than half a billion (500 million) at the end
of 2014.* Seven percent of all global mobile connections were running on 4G LTE networks at the end of
2014, up from three percent a year earlier.”

“All roads lead to LTE” was a frequent quote used by 4G Americas in 2010 and has been significantly
proven today. Due to the rapid growth in 4G network deployments by operators using every flavor of
mobile technology as well as Greenfield operators, connections and increasing coverage reach, LTE is
one of the fastest network technology migrations ever seen. It has been forecasted by many industry
analysts that LTE’s global momentum will continue between now and 2020.

By the end of 2015, global LTE connections are forecast to reach 842 million, according to forecasts by
Ovum, and will account for 11.5 percent of total connections.® By 2020, LTE is expected to account for
nearly 30 percent of global connections.” LTE networks are expected to cover 63 percent of the global
population by this point.®

Mobile broadband services are also well supported by Universal Mobile Telecommunication System/High
Speed Packet Access (UMTS/HSPA/HSPA+), Worldwide Interoperability for Microwave Access (based
on IEEE 802.16) (WiMAX) and Evolution Data Optimized (EV-DO) which are often referred to as Third
Generation (3G) or 4G technology. When 3G/4G mobile broadband coverage is considered, including

% WorldTimeZone.com, March 2015.

4 Ovum, December 2014.

® “4G Networks to Cover More Than a Third of the Global Population This Year,” GSMA Intelligence, February 2015.
® Ovum, December 2014.

” Ibid.

® Ibid.
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LTE, the global coverage increases significantly to 37 percent. This provides users with the ability to
successfully access the internet, view video and use richer services. Wideband Code Division Multiple
Access (WCDMA)/HSPA networks are predicted to cover 90 percent of the world's population by 2020.
Moreover, almost two-thirds (65 percent) of the world's population will be covered by 4G/LTE networks.®

Global Mobile Broadband Coverage Reach, 2009-2020
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Figure 2.2. Mobile Broadband Coverage Reach, 2009-2020.*°

The decline of Second Generation Global System for Mobile Communications (2G GSM) connections
began in 2013 and the trending growth of 3G and 4G mobile broadband HSPA and LTE technologies
continues unabated. Of the estimated 7.1 billion total wireless subscriptions as of the end of 2014, there
were nearly 2 billion HSPA and LTE mobile broadband subscriptions. This number is expected to grow to
six billion by 2019.™

9
Ericsson Mobility Report, November 2014.
1‘1’ “Mobile Broadband Reach Expanding Globally,” GSMA Intelligence, December 2014.

Ovum, April 2015.
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Global Mobile Technology Shares

Q4 2014 Q4 2019
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Figure 2.3. Global Mobile Technology Shares 4Q 2014 — Forecast 4Q 2019."

While GSM represented 58 percent of the global market in 2014, this will decline to 23 percent worldwide
in five years. HSPA will nearly double and LTE will more than triple. The shift from 2G is evident; some
service providers (e.g., AT&T) have announced sunsetting their 2G networks by 2017 to allow their
customers advanced notice to properly plan in areas such as Machine-to-Machine (M2M)
communications and other connected devices. The need for service providers to sunset their networks
weighs heavily on their available spectrum assets, refarming their spectrum and getting the best
efficiencies by using more advanced 4G technology in those limited spectral resources.

Around 40 percent of the world population has internet connection today. '3 Growth in internet access was
driven by developing countries in 2014; there was a 14 percent growth in developing countries, while
there was only a 4 percent growth in developed countries. Internet users have doubled from 2009 to 2014
to reach 3 billion, with two-thirds of those users living in developing countries.™* For example, forecasts
from Cisco suggest that data traffic in Latin America will grow at a compound annual growth rate (CAGR)
of 59 percent by 2019, well ahead of the growth forecast for more developed markets.™

The number of mobile data subscriptions is increasing rapidly along with a continuous increase in the
average data volume per subscription, driving growth in data traffic. Global mobile data traffic grew by 69
percent in 2014 and reached 2.5 exabytes per month at the end of 2014, up from 1.5 exabytes at the end
of 2013."°

12
Ovum, April 2015.

'3 www.internetlivestats.com/internet-users, April 2015.

! Measuring the Information Society Report 2014 launch, ITU, November 2014.

1‘;’ Cisco Visual Networking Index: Global Mobile Data Traffic Forecast Update, 2014-2019, Cisco, February 2015.
Ibid.
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According to Cisco, in 2019, 4G will be 26 percent of connections, but 68 percent of total traffic, and a 4G
connection will generate 10 times more traffic on average than a non-4G connection. Cisco’s VNI Report
noted:

e Mobile network connection speeds will increase more than twofold by 2019, increasing from 1.7
Mbps in 2014 to 4.0 Mbps by 2019.

e Mobile network connection speeds grew 20 percent in 2014. Globally, the average mobile
network downstream speed in 2014 was 1,638 kilobits per second (kbps), up from 1,387 kbps in
2013. By 2019, connection speeds will increase more than twofold. The average connection
speed which was 1.7 Mbps in 2014, will reach nearly 4.0 Mbps in 2019."

Ericsson’s November 2015 Mobility Report revealed that:

¢ Mobile subscriptions are expected to reach 9.5 billion by 2020, and more than 64 percent of these
(6.1 billion) will be for smartphones.

¢ Global mobile broadband subscriptions are growing globally by around 30 percent year-on-year,
increasing by 190 million in the fourth quarter of 2014 alone.

e LTE is growing rapidly and reached around 500 million subscriptions, with the highest quarterly
additions in Q4 2014 of 110 million new subscriptions.

¢ WCDMA/HSPA only added around 65 million connections during Q4.

e The majority of 3G/4G subscriptions have access to GSM/EDGE as a fallback, although
GSM/EDGE-only subscriptions declined by 65 million.

e LTE subscriptions are expected to exceed 3.5 billion by the end of 2020."

North America’s rapid migration to LTE has already made it the region with the highest share of
subscriptions for this technology in the world. By 2020, LTE will represent 80 percent of the region’s
subscriptions.**

The strong growth in mobile broadband subscriptions in the Latin America region will be driven by
economic development and consumer demand. With heavy investment in LTE, Latin America has seen a
substantial increase in LTE deployments and subscribers with an impressive 488 percent annual growth
from two million LTE connections at year-end 2013 to 12 million at year-end 2014. This may be largely
attributed to the spectrum auctions that have occurred throughout the region allowing service providers
the ability to offer LTE services to their customers beginning primarily in the densely populated urban
cities. However, GSM still hovers above both LTE and HSPA with a total of 436 million subscribers in the
region; yet it continues to decline year-over-year. With HSPA being the second largest technology in Latin
America with 266 million subscribers with 36 percent market share, that number will continue to grow,
overtaking GSM/EDGE subscriptions. By 2019, WCDMA/HSPA will be the dominant technology in the

'7 Cisco Visual Networking Index, 2014-2019, Cisco, February 2015.
E Ericsson Mobility Report, November 2014.
Ibid.
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Latin America region with about 60 percent market share and LTE is expected to have a higher
percentage of the market at 23 percent than GSM/EDGE-only subscriptions at 17 percent.?
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Figure 2.4. Latin America Technology Forecast, 2015-2019.%*

In this section, the global market trends of wireless data are demonstrated by examples of the uptake of
mobile broadband applications for consumers and the enterprise, analysts’ predictions for their growth, as
well as the introduction of a greater variety of wireless data devices such as smartphones, tablets and
M2M or connected devices. In addition, the increasing LTE deployments worldwide are charted. Finally,
the 3GPP technology commercial milestones achieved by numerous leading operators and
manufacturers worldwide on the new standards in Release 99 through Release 13 are outlined.

2.1 MOBILE DATA GROWTH FORECASTS AND TRENDS

Mobile data traffic will continue to rapidly grow in the coming years, driven mainly by video and social
networking. According to several sources, overall data traffic is expected to grow nearly tenfold between
2014 and 2019. Monthly data traffic will grow at a CAGR of 57 percent from 2014 to 2019, reaching 24.3
exabytes per month by 2019.” The North America and Asia Pacific regions will account for a little over
half of global mobile traffic by 2019. Also by that year, Latin America and Asia Pacific will have CAGRs of
59 percent and 58 percent respectively. Other world metrics include the Middle East and Africa reaching
the highest CAGR of 72 percent, increasing 15-fold. Central and Eastern Europe will have the second
highest CAGR of 71 percent, increasing 14-fold.”®

20
Ovum, December 2014.

2 Ovum, April 2015.

Z Cisco Visual Networking Index, 2014-2019, Cisco, February 2015.
Ibid.
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Global Mobile Data Traffic, 2014 to 2019
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Figure 2.5. Global Mobile Data Traffic 2014 to 2019.%

The reasons for increased data usage are the amount of available content and applications as well as the
improved network speeds that come with HSPA and LTE development. With the build out of HSPA and
LTE technologies, network speeds have improved, and so has the user experience. By 2017, data traffic
using 4G will cover more than half of all mobile traffic used.*®

In 2013, total mobile traffic generated by mobile phones exceeded that from mobile PCs, tablets and
mobile routers for the first time. In 2014, mobile data traffic was nearly 30 times the size of the entire
global internet in 2000. Smartphones accounted for 88 percent of the nearly half a billion connections
added in by year-end 2014.%° In 2020, smartphones alone will generate five times of the total mobile
traffic today with 70 percent.”’

Globally, smart devices in general represented only 26 percent of the total mobile devices and
connections in 2014, but accounted for 88 percent of total mobile data traffic. Also in 2014, a smart device
on average generated 22 times more traffic than a non-smart device?®, showing that smart devices
demand the most data due to the availability of more applications and streaming services, to name a few.

Mobile video streaming and social networking make up the largest segment of data traffic in networks.
Video made up approximately 45 percent of mobile data traffic and it is expected to increase to 55
percent by 2020.%°

24

” Cisco Visual Networking Index, 2014-2019, Cisco, February 2015.
Ibid.

% Jpid,

" Ericsson Mobility Report, MWC Edition, February 2015.

zz Cisco Visual Networking Index, 2014-2019, Cisco, February 2015.
Ibid.
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2.2 WIRELESS DATA REVENUE

In the past few years, mobile data has noticeably been the major driver of telecom revenue growth. By
2018, global mobile data revenue will reach $633 billion; this will represent 52 percent of total mobile
revenue in 2018, up from 40 percent in 2013. With the rising use of smartphones, popularity of mobile
applications will drive the growth in this segment according to a January 2015 study by Pyramid
Research.*

The U.S. continues to be a strong market for operator data revenues. Industry Analyst, Chetan Sharma,
reported that the U.S. market grew 21 percent to almost $400 billion in 2014. The biggest contributors
were the 4" wave/Over-the-Top (OTT) services which grew by 92 percent; access revenues increased by
32 percent, handsets by 11 percent and wearables by a dramatic 150 percent. At the end of Q4 2014,
mobile data revenues reached a total of $108 billion, making the U.S. the first market to surpass the $100
billion mark. Sharma forecasts that mobile data service revenues will increase by 22 percent to $132
billion in 2015.%

2.3 MOBILE BROADBAND DEVICES AND M2M

In 2014, the number of mobile connected devices exceeded the world’s population. Device growth will
continue; according to Ericsson, by 2020, 90 percent of the world’s population over six years old will own
a mobile phone. Comparing this growth over five years ending in 2014, global smartphone penetration
dramatically increased from 5 percent of the global population in 2009, to 97 percent at the end of 2014.%
Approximately 1.3 billion smartphones were sold in 2014, accounting for nearly 75 percent of all mobile
phones sold in the period.33 The number of mobile-connected tablets increased 1.6-fold to 74 million
during that timeframe and each tablet generated 2.5 times more traffic than the average smartphone.34

In Latin America, the increasing proportion of higher speed connections largely reflects the accelerating
rate of smartphone adoption. The Latin America region had one of the highest regional growth rates over
recent years, with 200 million handsets as of September 2014 (almost 30 percent of the total connection
base). The region is forecast to have a total of 605 million smartphone connections in 2020, equivalent to
almost 70 percent of the total connections base. Latin America will then have the second-highest installed
base of smartphones in the world.*®

Smartphones are the major driver of mobile data usage as sales continue to rise; Pyramid Research
forecasts that global smartphone sales will increase from 14.6 percent in 2013 to 25.4 percent in 2018. By
volume, the number of new smartphones sold will almost double, increasing from 1,022 million handsets
in 2013 to 1,946 million units in 2018.3° Another analyst research firm, IDC, expects 1.4 billion
smartphones to be shipped worldwide in 2015 for a 12.2 percent year-over-year growth rate.*’

% «Global mobile data revenue to reach $633bn in 2018, from 40% of mobile revenue in 2014 to 52% in 2018,” Pyramid Research,
January 2015.

%1 U.S. Mobile Market Update Q4 2014, Chetan Sharma, February 2015.

%2 Ericsson Mobility Report, MWC Edition, February 2015.

% Ericsson Mobility Report, November 2014.

% Cisco Visual Networking Index, 2014-2019, Cisco, February 2015.

% The Mobile Economy, Latin America 2014, GSMA Intelligence, November 2015.

% “Global mobile data revenue to reach $633bn in 2018, from 40% of mobile revenue in 2014 to 52% in 2018,” Pyramid Research,
January 2015.

37 “Smartphone Growth Forecast to Slow as Prices Drop and Markets Mature,” IDC, December 2014.
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In 2014, the worldwide smartphone market shipped a total of 1.3 billion units; this is a 27.7 percent growth
of the one billion units shipped in 2013. Cisco predicts that in 2019, more than half of all devices
connected to the mobile network with be ‘smart’ devices and there will be 8.2 billion handheld or personal
mobile-ready devices.*®

Global Mobile Device Growth by Type

10
Tablets (1%, 3%

8 Laptops (3%, 2%)

2 61% Non-Smartphones

2014 2015 2016 2017 2018 2019

o))

Millions of Mobile-Connected Devices
IS

Figure 2.6. Global Mobile Device Growth by Type.*

LTE phone shipments grew a massive 118 percent or more than double in a year reaching slightly under
500 million units for the full year 2014. LTE became the leading cellular-interface technology powering
mobile phones during Q4 2014, as the total LTE phone shipments in the quarter surpassed the total 3G
(e.g., WCDMA/HSPA/HSPA+) shipments for the first time ever.*

LTE devices have reached mainstream access with one in three phones sold globally being an LTE
capable phone.41 The addition of 1,275 LTE products released since March 2014 raised the total of
announced LTE user devices to nearly 3,000.% Smartphones are the dominant device category with
about 1,400 units announced and a 52.7 percent share of all LTE device types. 98.4 percent of LTE
smartphones are multimode, capable of operating on at least one 3G technology in addition to LTE.*®®

The spread of mobile broadband networks, the emergence of new mobile device categories and the
expansion of mobile service propositions are continuing to establish the "Internet of Things" (loT). Within
the next decade, billions of new devices will be connected to mobile networks, providing consumers and
businesses with an array of applications, services and experiences. This will usher in the "Connected
Future" and the emergence of ‘smart cities’ in which users are always connected, anywhere and at any
time. In their July 2014 report, Navigant Research predicts that smart cities are presenting a growth

zz Cisco Visual Networking Index, 2014-2019, Cisco, February 2015.

Ibid.

:‘I “LTE is Eating the World,” Counterpoint Research, February 20, 2015.
Ibid.

“2 GSA, April 2015.

“ Ibid.
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opportunity for many wireless and technology companies; worldwide revenue from smart city technology
will grow from $8.8 billion in 2014 to $27.6 billion in 2023.**

IHS Research stated that connectivity in devices has become easier to achieve due to the affordability of
hardware. Cost-effective silicon will mean that nearly 12 billion sensors will shipped into consumer and
mobile applications in 2015, more than twice the 5.6 billion units shipped in 2012. In the next five years,
0T could expand to 30 to 90 billion connected devices worldwide.*

Not only are the number of smartphones and tablets increasing, but more devices, from cars to homes,
are getting connected. The average data usage per device is on the rise, but so is the total number of
connected devices each person owns. The U.S. has approximately 45 million M2M and 10T connections
and with more than 339 million motor vehicles on the road in the U.S., more companies in the auto
industry are expected to enter the market to secure a spot in the connected car market. Global car brands
are now offering a wide selection of connected applications, ranging from remote diagnostics, safety and
security to LTE-powered infotainment services such as streaming music. By 2020, it is predicted that
more than 90 percent of new vehicles sold will be connected.*®

The popularity of smart home devices and services are on the rise as Parks Associates reports that
currently 10 percent of all U.S. households have at least one smart home device. Gartner forecasts that
number to skyrocket to 500 smart home devices per household by 2022.%" Such devices can control
lighting systems, garage door openers, network security cameras and programmable thermostats. *
Smart home service sales totaled $18 billion in the U.S. in 2014. It is predicted to double to $39 billion by
2019, fueled by security and home control products reported by Strategy Analytics. On a global scale,
Strategy Analytics predicts that the smart home market will reach $100 billion by 2019, which represents
224 million households worldwide.*®

Wearables are sweeping the mobile device market with vendors shipping a total of 45.7 million units in
2015, up 133.4 percent from the 19.6 million units shipped in 2014. By 2019, total shipment volumes are
forecast to reach 126.1 million units, resulting in a five-year CAGR of 45.1 percent reported by IDC. Along
with the already popular wearable devices which are clearly led by fitness bands, devices like the Apple
Watch, Motorola’s Moto 360 and Samsung’s Gear watches will raise the profile of wearables to a new
level in 2015.%° North America will continue to remain the biggest market for wearables in 2015; the
region accounted for more than half of global sales in 2014.**

Numerous industry analysts are expecting gains to continue well into the future with M2M and the IoT. In
2014 to 2015, companies used a wide range of technologies to connect their M2M solutions, including
fixed-line (63 percent), cellular (60 percent) and Wi-Fi (56 percent), according to a Vodafone study.52
However, Vodafone expects the percentage of companies relying on fixed-line connections will decrease
in the next few years due to the falling costs of mobile broadband and the emergence of 4G. These next-
generation networks, including LTE, will make new kinds of applications practical and cost-effective

** Phil Goldstein, “Intel, Qualcomm execs see role as technology providers in smart cities,” FierceWireless, March 11, 2015.

** CES 2015: Insights, Perspectives and Assessments After the Show, IHS, January 2015.

“® The Connected Conversation, Volume 1/Issue 2, James Brehm Associates, March 2015.

T “Gartner Says a Typical Family Home Could Contain More Than 500 Smart Devices by 2022,” Gartner, September 2014.

“8 Smart Home Ecosystem: loT and Consumers, Parks Associates, January 2015.

“ “The smart home promise vs. reality,” RCR Wireless, March 2015.

% “Worldwide Wearables Market Forecast to Reach 45.7 Million Units Shipped in 2015 and 126.1 Million Units in 2019, According to
IDC,” IDC, March 2015.

*1 “Wearables Market: 2015 is Year That Will Make or Break the Smartwatch,” CCS Insight, February 2015.

2 Andrew Morawski, Vodafone, “2015 Predictions: M2M, 0T set for strong growth in 2015,” January 2015.
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across industries, including video-based security, in-vehicle information services, assisted living, m-health
solutions, and much more.

Research shows that at the current rate of trajectory, global cellular M2M connections will reach close to
one billion by 2020, growing at 25 percent per year (CAGR) over the period of 2015 to 2020. However, a
hypothesis that upsides forecast scenarios could emerge if a number of the current growth inhibitors are
addressed by both the industry players and governments which could potentially lead to a faster growth
rate of greater than 40 percent per annum. The best case upside forecast scenario results in the
realization of a potential 2 billion cellular M2M connections globally by 2020.%

Higher potential target
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1,200
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Figure 2.7. Cellular M2M connections forecast scenarios (millions).*

2.4 MOBILE BROADBAND APPLICATIONS

According to Ericsson’s February 2015 Mobility Report, application traffic is dominated by video streaming
and social networking. Ericsson forecasts that although social networking, which covered 15 percent of
the mobile data traffic in 2014, will remain the same in 2020, there will be a huge boom in mobile video
traffic. In many mobile networks, Ericsson discovered that anywhere between 40 to 60 percent of video
traffic is currently coming from YouTube. It is predicted that mobile video in general will grow by around
45 percent annually through 2020 and is expected to account for around 55 percent of all mobile data
traffic. User behavior also seems to be changing, resulting in video being consumed in larger quantities,
with growth driven by OTT providers like YouTube and Netflix.

%3 Cellular M2M Forecasts, GSMA Intelligence, February 2015.

* GSMA Intelligence forecasts of the M2M market focuses on cellular M2M connectivity and excludes computing devices in
consumer electronics such as smartphones, e-readers, tablets, as well as other types of M2M connection technologies that support
the wider universe of the Internet of Things (IoT), http://www.mobileworldlive.com/wp-content/uploads/2015/02/dd.png.
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Forrester Research’s Mobile Application Spending Forecast reveals that U.S. mobile app downloads
represented 17 percent of the global total in 2014 and revenue from U.S. app downloads and in-app
purchases accounted for 20 percent of all worldwide spending, at $6 billion. As the largest global market
for mobile apps, the U.S. will have a large impact on the mobile application ecosystem for years to come.
Forrester also predicts that the average number of app downloads per device will increase at an average
annual rate of 5 percent through 2019.

Number of Installed Apps per Smartphone User in Selected Countries
Total Apps

Paid Apps M Free Apps

25

Korea Japan USA Canada Mexico Brazil Argentina
Figure 2.8. Average Number of Installed Apps per Smartphone User in Selected Countries.*®

Music streaming is gaining popularity, but functions such as caching of content and offline playlists limit
the impact on traffic growth. Audio traffic is still expected to increase at an annual rate of around 35
percent, which is in line with the total mobile traffic growth.56

Today, web browsing constitutes around 10 percent and will decrease to 5 percent of total mobile traffic
share by 2020. The decline will be the result of stronger growth in categories such as video and social
networking. Consumer preferences are shifting towards more video and app-based mobile use relative to
web browsing.

55
. Google’s Our Mobile Planet chart generator, Data downloaded April 20, 2015.
Ibid.
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Share of Mobile Data Traffic by Application Type (Percentage)
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Figure 2.9. Mobile Application Traffic Outlook.*’

As previously covered in this section, data traffic is expected to continue growing significantly. The
introduction of laptops, tablets and high-end mobile handsets onto mobile networks are key drivers of
traffic, since they offer content and applications not supported by the previous generations of mobile
devices.

2.5 MOBILE BROADBAND DEPLOYMENTS AND SPECTRUM

LTE has seen the most aggressive deployment of any mobile technology in history. From the first launch
of LTE by TeliaSonera in Sweden and Norway in 2009, the technology deployments have grown
consistently. In the chart below, the deployments of LTE are shown on an annual timeline since the first
launch in 2009 up to June 2015 with 418 live LTE networks worldwide and another 600 operators that
have announced intentions to deploy LTE in the future.

57
Ericsson Mobility Report, November 2014.
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Global LTE Network Growth & Forecast
Year End 2009-2019

Commercial Networks

600

500

400

300

200

100

600

575

Total Actual Total Estimated 535

A

2015 2016 2017 2018 2019

2009 2010 2011 2012 2013 2014

Figure 2.10. Global LTE Network Growth & Forecast, Year End 2009-2019.%

Table 2.1. Regional LTE Market Penetration and Deployments.

Regional LTE Market Penetration and Deployments

% Total % Global LTE #LTE Total Wireless #LTE
Connections: 4 Connections | Connections
Market Share fonnectiooe (millions) (millions) Hetabike
North America 43.13% 29.03% 177 412 67
us 44.70% 28.00% 171 383 57
Canada 22.09% 1.04% 6 29 10
Western Europe 15.08% 13.48% 82 547 80
Oceania, Eastern & 5 %
P S 12.83% 50.13% 307 2,390 56
Eastern Europe 3.11% 2.57% 16 505 57
L0 pmeHeg. e 2.33% 2.77% 17 728 63
Caribbean
Middle East 2.26% 1.31% 8 355 24
S:i’:’a' & Seldiem 0.08% 0.18% 1 1,363 19
Africa 0.04% 0.52% 3 910 41
Global 8.48% 100.00% 611 7,210 407

%8 Global LTE Network Growth & Forecast, Year End 2009-2019, 4G Americas, January 2015.
% Regional LTE Market Penetration and Deployments, 4G Americas & Ovum, April 2015.
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The U.S. continues to lead in LTE progress. Market share for LTE is at 43 percent of all mobile
connections as of April 2015, with a big drop down to the next regional market of Western Europe at 15
percent with Oceania, Eastern and Southeastern Asia at 13 percent. Although the U.S. has only 5 percent
of the global population, the number of LTE connections in the country was 29 percent of the global LTE
total connections of 611 million.
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Although China first launched LTE in late 2013, by virtue of its enormous population, China is on track to
reach 300 million 4G connections by the end of 2015, overtaking the U.S. to become the country with the
world’s largest 4G market. At the end of 2014, China Mobile had 90 million 4G connections, establishing it
as the world’s largest 4G operator.60

The reasons for LTE’s success include the careful development of the 3GPP standards. The challenge
has been the allocation by governments of premium internationally harmonized licensed spectrum. In
fact, the ITU studied the spectral requirements for the growing demand of wireless data and confirmed
that there is a gross deficit in current allocations in many countries.

4G adoption is closely correlated to coverage, which in turn is dependent on the timing, type and amount
of spectrum assigned to operators for 4G services.

There is an impending spectrum crisis as pressure on spectrum resources increases, almost forcing
operators to invest in the most efficient technologies. LTE typically is being deployed using the Digital
Dividend bands (700/800MHz), re-farmed spectrum in existing 2G/3G bands (notably 1700-2100MHz) or
the International Mobile Telecommunications (IMT)-extension bands (2500/2600MHz). Three-quarters of
4G deployments to date are running on one of these three bands, suggesting that progress is being made
on 4G spectrum harmonization.

LTE Frequency Division Duplex (FDD) remains by far the most popular mode of LTE. More than 90
percent of LTE operators deployed the Frequency Division Duplex mode of the standard, and the most
widely used band in commercial service is 1900 MHz which is used in 45 percent of commercially
launched LTE networks representing 176 operators worldwide. ®* The next most popular contiguous
bands are 2.6 GHz in 24.7 percent of networks, followed by 800 MHz in 21.4 percent of networks and
Advanced Wireless Spectrum (AWS) in 9.1 percent of networks.®*

In the U.S., LTE typically uses the 700 MHz (primarily band 13 or band 17) or AWS (1.7/2.1 GHz) bands.
New digital dividend spectrum is being allocated in Europe, Asia and elsewhere, enabling extended
geographical coverage and improved in-building performance. Commercial LTE services are running on
several networks using 800 MHz (band 20), often targeting rural broadband needs and improved indoor
coverage. The capacity band in most regions is 2.6 GHz. There is high interest in refarming 2G
spectrum for LTE, especially 1800 MHz, and in a few cases, 900 MHz. Most regulators adopt a
technology neutral approach. Initial LTE FDD deployments in Japan use 800/850 MHz, 1.5 GHz, 1.7
GHz and 2.1 GHz (operator dependent). New 700 MHz (APT700) spectrum has been allocated and is
ready for future use. 1800 MHz may be the most widely used band for LTE deployments globally.

Of growing significance is the deployment of LTE TDD which does not use paired licensed bands such as
LTE FDD. As of April 2015, there were 54 commercial LTE TDD networks of which 16 are both LTE TDD
and LTE FDD. Frequency bands for TDD mode networks are shown in Table 2.2.

% GSMA Intelligence, February 2015.
Z Status of the LTE Ecosystem report, GSA, April 2015.
Ibid.
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Table 2.2. LTE-TDD Network Frequencies.®®

3GPP Band Frequency Number of Networks
40 2.3 GHZz 24
38 2.6 GHZ 12
41 2.6 GHZ 11
42 3.5GHZ 11
39 1.9 GHz 1

The following table shows the numerous bands in which LTE has been deployed worldwide.**

Table 2.3. LTE TDD and FDD Bands.®®

Uplink (UL) operating band Downlink (DL) operating band | Duplex

E-UTRA . .

Operating BS recelvg BS trans_mlt Mode
Band UE transmit UE receive

FuL_tlow = FuL_nigh FoL 1ow = FoL_high

1 1920 MHz — 1980 MHz 2110 MHz — 2170 MHz FDD
2 1850 MHz — 1910 MHz 1930 MHz — 1990 MHz FDD
3 1710 MHz — 1785 MHz 1805 MHz — 1880 MHz FDD
4 1710 MHz — 1755 MHz 2110 MHz — 2155 MHz FDD
5 824 MHz — 849 MHz 869 MHz — 894MHz FDD
6" 830 MHz — 840 MHz 875 MHz — 885 MHz FDD
7 2500 MHz — 2570 MHz 2620 MHz — 2690 MHz FDD
8 880 MHz — 915 MHz 925 MHz — 960 MHz FDD
9 17499 MHz - 17849 MHz | 18449 MHz - 1879.9MHz | FDD
10 1710 MHz — 1770 MHz 2110 MHz — 2170 MHz FDD
11 14279 MHz - 14479 MHz | 14759MHz - 14959 MHz | FDD
12 699 MHz - 716 MHz 729 MHz — 746 MHz FDD
13 777 MHz — 787 MHz 746 MHz — 756 MHz FDD
14 788 MHz — 798 MHz 758 MHz — 768 MHz FDD
15 Reserved Reserved FDD
16 Reserved Reserved FDD
17 704 MHz — 716 MHz 734 MHz — 746 MHz FDD
18 815 MHz — 830 MHz 860 MHz — 875 MHz FDD
19 830 MHz — 845 MHz 875 MHz — 890 MHz FDD
20 832 MHz — 862 MHz 791 MHz — 821 MHz FDD
21 14479 MHz - 14629 MHz | 14959MHz - 15109 MHz | FDD
22 3410 MHz — 3490 MHz 3510 MHz — 3590 MHz FDD
23 2000 MHz — 2020 MHz 2180 MHz — 2200 MHz FDD
24 16265 MHz - 1660.5 MHz | 1525 MHz — 1559 MHz FDD
25 1850 MHz — 1915 MHz 1930 MHz — 1995 MHz FDD
26 814 MHz — 849 MHz 859 MHz — 894 MHz FDD
27 807 MHz — 824 MHz 852 MHz — 869 MHz FDD
28 703 MHz — 748 MHz 758 MHz — 803 MHz FDD

22 Status of the LTE Ecosystem report, GSA, April 2015.
Ibid.
6!

5
3GPP Technical Specification 36.105, V11.4.0.
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E-UTRA Uplink (UL) operating band Downlink (DL) operating band | Duplex
Operating BS receive BS transmit Mode
Band UE transmit UE receive
FuL_low = Fut_nigh FoL jlow = FbL_high

29 N/A 717 MHz — 728 MHz FDD’
30 2305 MHz — 2315MHz 2350 MHz — 2360 MHz FDD
31 452.5 MHz — 457.5MHz 462.5 MHz — 467.5MHz FDD
33 1900 MHz — 1920 MHz 1900 MHz — 1920 MHz TDD
34 2010 MHz — 2025 MHz 2010 MHz — 2025 MHz TDD
35 1850 MHz — 1910 MHz 1850 MHz — 1910 MHz TDD
36 1930 MHz — 1990 MHz 1930 MHz — 1990 MHz TDD
37 1910 MHz — 1930 MHz 1910 MHz — 1930 MHz TDD
38 2570 MHz — 2620 MHz 2570 MHz — 2620 MHz TDD
39 1880 MHz — 1920 MHz 1880 MHz — 1920 MHz TDD
40 2300 MHz — 2400 MHz 2300 MHz — 2400 MHz TDD
41 2496 MHz 2690 MHz 2496 MHz 2690 MHz TDD
42 3400 MHz — 3600 MHz 3400 MHz — 3600 MHz TDD
43 3600 MHz — 3800 MHz 3600 MHz — 3800 MHz TDD
44 703 MHz — 803 MHz 703 MHz — 803 MHz TDD
NOTE 1: Band 6 is not applicable
NOTE 2: Restricted to E-UTRA operation when carrier aggregation is configured. The

downlink operating band is paired with the uplink operating band (external) of the

carrier aggregation configuration that is supporting the configured Pcell.

Once governments successfully auction spectrum, more operators will be deploying LTE.

In its Report ITU-R M. 2078, the International Telecommunication Union (ITU) outlines the need for a
minimum amount of spectrum for the years 2010, 2015 and 2020 depending on the market development
For the sake of
simplicity, the markets are categorized as either lower market setting or higher market setting.

status (referring to two Radio Access Techniques Groups, RATG1 and RATG?2).

Table 2.4. Predicted spectrum requirements for IMT and IMT-Advanced Technologies.®

Market Setting

Spectrum Requirement for
RATG 1 (MHz)

Spectrum Requirement for
RATG 2 (MHz)

Total

Spectrum

Requirement (MHz)

Year 2010 2015 2020 2010 2015 2020 2010 2015 2020
Higher Market Setting 840 880 880 0 420 840 840 1300 1720
Lower Market Setting 760 800 800 0 500 480 760 1300 1280

66
Report ITU-R M. 2078, ITU, October 2007.
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The target spectrum requirements represent the total amount of spectrum in a given country market. An
example of a country that would fall into the category of a higher market setting would be the U.S., and its
need for additional spectrum is evident. New services, applications, devices and continued increases in
the usage of smartphones, tablets and connected machines are only amplifying the need for additional
spectrum.®’

4G Americas published a white paper titled, Meeting the 1000X Data Challenge in October 2013 that
provides detailed information on the necessity for spectrum in addition to the enhancements available for
3GPP technologies to achieve a solution to the increasing pressure on network operators for capacity
: 68

issues.

2.6 3GPP STANDARDIZATION

The core specification for Rel-12 specifications was frozen in September 2014 and the ASN.1 was
completed in March 2015. The complete Rel-12 schedule is shown in Figure 2.11.

12/2012 3/2013 6/2013 9/2013 12/2013 3/2014 6/2014 9/2014 12/2014 3/2015
| |

et

#6061 #63 #0604 #6065 #0660

Rel-12: 21-Month Release

Core spec
functional
freeze

Rel-12
ASH.1
freeze

Figure 2.11. 3GPP Rel-12 Standardization Timeline.*

Most of the requirements for Rel-12 were directly related to coping with the enormous traffic explosion
such as: capacity increase, energy saving, cost efficiency, the support for diverse application and traffic
types, all coupled with higher user experience/data rates and enhancements of the backhaul required.70

In a kickoff workshop followed by subsequent 3GPP RAN working group meetings, leading operators and
equipment vendors discussed new LTE proposals for interference coordination/management, dynamic
TDD, frequency separation between macro and small cells, inter-site CA, wireless backhaul for small cells
and more. The additional analyzed proposals for LTE multi-antenna and multi-site technologies were 3D

67
. Ibid.
Meeting the 1000X Challenge: The Need for Spectrum, Technology and Policy Innovation, 4G Americas, October 2013.
% 3GPP Rel-12 Standardization Timeline, 3GPP, January 2015.
70
TSG-RAN Chairman, RP-120838, Summary of 3GPP TSG-RAN Workshop on Release 12 and Onward, RAN#56, June 2012.
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MIMO and beamforming, as well as further work on existing CoMP and MIMO specifications. Other items
included support for Proximity Services (ProSe), MBMS enhancements, M2M applications, SON and
interworking between HSPA, Wi-Fi and LTE.

Overall, Rel-12 provides LTE enhancements and new enablers that can be classified in four broad
categories:

Small cell and heterogeneous networks
Multi-antennas (e.g., MIMO and beam forming)
Proximity services

Procedures for supporting diverse traffic types

Rel-12 also enhances UMTS/HSPA+ (e.g., in the following areas):

UMTS Heterogeneous Networks

System Information Block (SIB)/Broadcast optimization
Enhanced Uplink (EUL) enhancements

Home NodeB (HNB) optimization

Dedicated Channel (DCH) enhancements

MTC and WLAN offload

Figure 2.12 summarizes how Rel-12 builds on the innovations in Rel-10 and Rel-11 to further increase
performance, efficiency and capabilities. All three releases are called LTE-Advanced.
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Figure 2.12. LTE as a Wireless Technology Platform for the Future.”

Rel-12 also includes features for network and services enhancements for MTC, public safety, Wi-Fi
integration, system capacity and stability, Web Real-time Communication (WebRTC), further network
energy savings, multimedia and the Policy Charging Control (PCC) framework.

There are also features that are included in the ongoing work of 3GPP that are release-independent, and
spectrum is routinely in this area of work. As the spectrum allocations in different countries evolve, 3GPP
continuously updates and adds new frequency bands. While a new frequency band, carrier aggregation
scheme or other enhancements may be introduced in a particular release, it may be used in User
Equipment (UEs) that support an earlier release. This approach speeds the utilization of new spectrum
and allows terminal manufacturers to support various frequency bands without having to otherwise
upgrade all the terminal’s features to the latest release level.

Rel-12 adds five new bands. Aggregated over all releases, Rel-12 brings the total up to 44 spectrum
bands. These bands are identified for Universal Terrestrial Radio Access/Enhanced Universal Terrestrial
Radio Access (UTRA/EUTRA) and are tabulated in Appendix A. About three bands are usually added
each year.

There are historically about three new bands added each year, but with Rel-12, there has been explosive
growth in the number of newly defined bands and Carrier Aggregation combinations. In 2012, there were
only 21 CA schemes. By 2013, there were 13 intra-band and 50 inter-band configurations and that
number grew substantially by the end of 2014 — an indication of the explosive demand for spectrum and
the demand for increasing the typical end user's peak throughputs. The additional presence of

™ LTE as a Wireless Technology Platform for the Future, 4G Americas, January 2015.
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combinations of a single Uplink (UL) with three DL carriers reflects the overwhelming preponderance of
DL traffic in today’s typical wireless data network and the need for additional DL capacity to serve it. This
ability to serve typical traffic patterns with appropriate combinations of UL and DL blocks of spectrum is a
major appeal of CA and is driving the rapid adoption of this LTE-Advanced capability.

Rel-12 includes CA of Frequency Division Duplex (FDD) and TDD frequency bands, as well as support for
aggregating two UL Component Carriers (CCs) and three DL CCs. Detailed information on the
standardization work of Rel-12 and technical contents can be found in section 3 of this white paper.

Given the large number of features introduced in Rel-12, some were extended into Rel-13. Work was
initiated on some Rel-13 enhancements as early as June 2014 on studies for Indoor Positioning System
enhancements and Licensed Assisted Access (LAA). However, September 2014 can be considered the
start of Rel-13 with planned completion in December 2015. A tentative timeline for Rel-13 standardization
is shown in Figure 2.15.
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Figure 2.13. 3GPP Rel-13 Standardization Timeline.”

LTE-Advanced enhancements in Rel-13 include continuing work on the RAN side for the downlink, such
as Active Antenna Systems (AAS) and SON for AAS-based deployments, as well as Elevation
Beamforming. LTE-Advanced work in Rel-13 also provides for enhanced signaling in Inter-eNB CoMP,
CA enhancements, Network Assisted Interference Cancellation (NAIC) (a/k/a NOMA), RAN sharing
enhancements, and dual connectivity enhancements, among others.

For HSPA+, further work in Rel-13 includes downlink and small data transmission enhancements and
HSPA dual-band uplink CA.

Rel-13 network services related enhancements include Wi-Fi integration with Internet Protocol (IP) Flow
Mobility and voice and video support in Trusted and Untrusted WLAN, PCC/QoS in User Plane
Congestion management (UPCON), and public safety features for Push-to-Talk (PTT) over LTE,

2 3GPP Rel-13 Standardization Timeline, 3GPP, January 2015.
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proximity-based services and MBMS enhancements. Further work on MTC enhancements is also
featured in Rel-13 such as: Dedicated Core Networks (DECOR), High Latency Communications,
(HLCom) and Architecture Enhancements for Service capability Exposure (AESE), energy saving,
monitoring and group calls. WebRTC enhancements, support of Enhanced Voice Services (EVS) in 3G
Circuit Switched (CS) Networks, Dynamic Adaptive Streaming over HTTP (DASH) and application
specific traffic control are also addressed.

Similar to Rel-12, release independent features including work in new spectrum bands and CA
combinations will continue in Rel-13.

As 3GPP continues to develop standards for HSPA+ and LTE/LTE-Advanced, the world’s leading mobile
broadband technologies, discussion on the future network requirements and recommendations for the
next generation 5G technologies is beginning to take shape. Many global organizations are joining private
and public partnerships including ventures with universities and leading associations such as 4G
Americas, NGMN Alliance, 5G PPP and others, along with top industry manufacturers and service
providers — all which are developing the framework for 5G. Some world regions such as the European
Union, Korea and Japan are investing billions of dollars in research for taking on leadership in 5G
technology. Publications such as the white paper, 4G Americas’ Recommendations on 5G Requirements
and Solutions’®, demonstrate the forward thinking that is consistent with the cellular industry to keep
abreast of unprecedented growth. Standards groups, 3GPP and the ITU, will be considering the global
work that is forming the future for our industry.

3GPP has provided a tentative timeline for standardization of 5G shown in Figure 2.16. Although there is
no globally agreed definition of the requirements for 5G, the requirements being defined for International
Mobile Telecommunications (IMT)-2020 by ITU-R provides a good benchmark towards 5G. 3GPP is also
committed to submitting a candidate technology to IMT-2020 for evaluation. In this paper, IMT-2020 and
5G will be used interchangeably with the understanding that the marketplace will potentially define 5G
independent of whether or not technologies meet IMT-2020 requirements (similar to the way that 4G was
defined in the marketplace vs. following IMT-Advanced requirements).

Initial submissions to ITU-R are expected in the mid-2019 timeframe with detailed specifications required
by October 2020. In order to meet these deadlines, 3GPP has planned a target schedule shown in
Figure 2.16. Provided that Rel-13 is completed in March of 2016, it is expected that discussions on in the
3GPP working groups will turn towards these tentative goals for 5G standardization in Rel-14. Note that
Figure 2.16 shows that there are already two workshops planned to begin discussions on 5G, a RAN
workshop in September 2015 and a joint RAN/System Architecture (SA) workshop in June 2016.

The RAN study on IMT-2020 or 5G will have the goal of identifying 3GPP radio scope and requirements
for meeting IMT-2020. Tentatively, the goal is to approve this RAN study item by December 2015. It is
expected that this 5G work will be in parallel with ongoing LTE evolution work. During this study item
phase for 5G, it is expected that 3GPP will work closely with the ITU in forming the requirements and
evaluation framework for IMT-2020. Part of the RAN study will include investigation of requirements for
operation above 6 GHz, particularly on studies of channel modeling at such high frequency bands.

8 4G Americas’ Recommendations on 5G Requirements and Solutions, 4G Americas, October 2014.
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Figure 2.14. Tentative Timeline for 3GPP Standardization of 5G.”

It is also understood that new system architecture may be required for 5G. In addition to radio
requirements from the RAN working groups, the SA working groups will establish service and system
requirements for 5G. Such discussions have already begun in SA1 through the SMARTER study item,
where use cases for 5G are being discussed. For more details on the drivers, use cases, requirements
and potential technologies for 5G, refer to the white paper, 4G Americas’ Recommendations on 5G
Requirements and Solutions’®, which was published in October 2014.

3 STATUS OF 3GPP RELEASE 12: HSPA+ AND LTE-ADVANCED

ENHANCEMENTS

This section provides a detailed description of features that were finalized in Release 12 (Rel-12). Rel-
12 continues to build on LTE-Advanced and HSPA+ with further focus on downlink enhancements,
needed strengthening to various small cell features, expanded carrier aggregation features, the enabling
of Machine Type Communications (MTC), Wi-Fi integration and further work on system capacity and
stability.

" “Tentative Timeline for 5G,” 3GPP, March 2015.
™® 4G Americas’ Recommendations on 5G Requirements and Solutions, 4G Americas, October 2014.
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3.1 LTE-ADVANCED ENHANCEMENTS

As mentioned, Rel-12 further defines multiple areas for the enhancement of LTE-Advanced. This section
reviews the features in the standards work that have been finalized for LTE-Advanced. The areas include
the downlink enhancements for active antenna systems and MIMO, as well as small cells, femtocells,
MTC, proximity services, UE enhancements, SON, Heterogeneous Network (HetNet) mobility, MBMS,
Local Internet Protocol Access/Selected Internet Protocol Traffic Offload (LIPA/SIPTO), eIMTA and FDD-
TDD CA.

3.1.1 DOWNLINK MULTI-INPUT MULTI-OUTPUT (MIMO) ENHANCEMENTS

Downlink MIMO enhancements were studied in 3GPP and prioritized for the single point transmission
scenario without coordination operation. In order to improve the Single-User Multiple-Input Multiple-
Output (SU-MIMO) spectral efficiency of the downlink, the LTE downlink spatial multiplexing was
enhanced to support up to eight layers per component carrier in LTE Rel-10. Specifically, a new
transmission mode (TM-9) was defined supporting SU-MIMO up to rank 8 and dynamic switching
between SU and MU-MIMO.

In the Rel-11 Study Item “Study on Further Downlink MIMO Enhancements for LTE-Advanced”, the main
topics studied were CSI feedback enhancements, issues from real life MIMO deployments and downlink
control signaling enhancements.

Based on the evaluations carried out during the Study and Work Item phases, two CSI feedback
enhancements were agreed to be included in Rel-12: 4Tx Physical Matrix Index (PMI) feedback
codebook enhancement and aperiodic feedback Physical Uplink Shared Channel (PUSCH) mode 3-2. It
was found in simulations that enhanced CSI feedback gives benefits in dynamic network traffic conditions
(e.g., with non-full buffer traffic). This traffic model seems to benefit from improved accuracy of CSI
feedback more than the full buffer traffic model since the effect of packet queue lengths is also taken into
account. With enhanced CSI, the eNB can complete delivery of data packets earlier compared with
legacy CSI feedback, resulting in improved average network spectral efficiency.

The Rel-12 4Tx codebook enhancement mainly targets cross-polarized antennas and thus reuse of the
8Tx dual codebook structure from Rel-10; W=W,;W, The precoding matrix W, is wideband (i.e., reported
once per whole system bandwidth) and W is reported per sub-band; 4 bits are used to select W; and 4
bits per sub-band are used to select W,. Furthermore, the rank 3 and 4 of 4Tx enhanced codebook
reuses the Rel-8 4Tx rank 3 and 4 codebooks per sub-band; it also uses the identity matrix for W, since
the observed performance gain with dual codebook structure was insufficient compared to the Rel-8
codebook.

The major changes compared to 8Tx dual codebook design principles are that the beams in W, are
evenly spread over the whole sector. Hence, by selection of W, the UE can select different beam
directions per sub-band which implies robustness to time alignment errors and better performance in
channels with large angular spread. Moreover, W, for rank 1 has an additional phase rotation between
two polarizations which ensures 256 unique Discrete Fourier Transform (DFT)-type rank 1 precoding
vectors in case a co-polarized antenna is used. This is beneficial for a uniform linear antenna array and
Multi-User (MU) MIMO transmission.
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All aperiodic CSI reporting modes that are valid for transmission modes 8, 9 and 10 when PMI/Rank
Indicator (RI) reporting is configured, as well as periodic feedback modes Physical Uplink Control
Channel (PUCCH) 1-1 and PUCCH 2-1, supports the enhanced 4Tx codebook. A configuration per CSI
process determines whether a UE can use the Rel-8 4Tx codebook or the Rel-12 4Tx enhanced
codebook for PMI reporting. Codebook sub-sampling methods associated with the enhanced 4Tx
codebook have been designed to fit with PUCCH payload sizes of 8Tx codebook in order to minimize
standards changes and implementation complexity.

In addition to the enhanced codebook, a new aperiodic Channel State Information (CSI) feedback
PUSCH mode 3-2 is introduced in Rel-12 with increased CSI accuracy since it provides both sub-band
CQI and sub-band PMI. It can be configured for transmission modes 4, 6, 8, 9 and 10 when PMI/RI
reporting is configured and with 2, 4 and 8 antennas at the eNB.

Further details can be found in the Technical Report™ and the Work Item has been completed in Rel-12.

(3.1.2 SMALL CELL ENHANCEMENTS

LTE has always supported small cells with different enhancements introduced in Releases 9, 10, 11 and
12. Small cells can be a key mechanism to enhance system capacity within the coverage area of an
existing network and the increasing demand for higher speed has led to higher capacity demands and in
the case of indoor scenarios, coverage challenges as well. 3GPP initiated two Study Items on Physical
layer’” and Higher layer’® aspects in Rel-12 to determine whether there are aspects that would enhance
the performance of small cells deployment.

Similar to when the macro layer is densified, small cells can be deployed progressively to match the
growth in demand for system capacity as the population of UEs increases and data applications become
more demanding. Small cells would typically be deployed in areas of heavy traffic, known as hot zones,
based on the statistics of the user distribution. This means that small cells will increasingly be deployed
non-homogeneously resulting in non-uniformly distributed small cells coverage areas and the overlapped
coverage areas between small cells may be large, medium, small or even without any overlapping. These
new deployment scenarios motivated the objectives in the Physical Layer Study Item.

The main aspects being studied in the Physical Layer Study Item include:

¢ Potential enhancements to improve the spectral efficiency, such as the introduction of a higher
order modulation scheme (e.g., 256 QAM) for the downlink or overhead reduction for UE-specific
reference signals and control signaling

e Mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters,
including mechanisms for interference avoidance and coordination among small cells and
mechanismes for efficient discovery of small cells and their configuration

e Synchronization mechanisms for small cells

* TR36.871 v1.1.0, “Downlink MIMO Enhancement for LTE-Advanced,” Alcatel-Lucent.
77

RP-122032, “Small Cell enhancements for E-UTRA and E-UTRAN — Physical layer aspects,” RAN#58, Dec. 2012.
78

Ibid.
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The main aspects for the Higher Layer Study Item includes: evaluating the benefits of UEs having dual
connectivity to macro and small cell layers served by different or same carrier, potential architecture and
protocol enhancements, identifying and evaluating the necessity of overall Radio Resource Management
structure and mobility enhancements for small cell deployments.

Physical Layer Considerations

The study into physical layer aspects has been preceded by a separate study into the small cell
scenarios, where generic small cell deployment scenarios consisting of small cell clusters with or without
an overlaid macro coverage layer have been identified and agreed. Both dense and sparse deployments
of small cells are considered, with ideal backhaul and non-ideal backhaul.

A generic small cell deployment scenario is shown in Figure 3.1 below.

Note: Overlapping
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Figure 3.1. Generic small cell deployment scenarios. F1 and F2 denote two different carrier frequencies and the 4 different
scenarios” are #1, #2a, #2b and #3. Depending on the scenario, overlapping macro coverage may be present or not.*

Scenario 1 is when there is co-channel deployment of macro and small cell clusters; Scenarios 2a and 2b
are for non co-channel deployments of macro and small cells clusters; and Scenario 3 is for indoor small
cells without the presence of macro cell.

In June 2014, the Work Item titled “Small cell enhancements-physical layer aspects” was approved in RP-
132073. An overview of the various studies and the resulting outcome from the work item is provided in
the following paragraphs.

79
TR36.872, “Small cell enhancements for E-UTRA and E-UTRAN — Physical layer aspects,” v1.0.0.
* 3GPP TR 36.872, V12.1.0, December 2013.
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Improvements in Transmission Efficiency: The high geometry experienced by UEs in some
small cell deployments, such as indoor isolated small cell or Single Frequency Network (SFN)
type operation for eMBMS services, imply higher peak rates and hence improved spectral
efficiencies can be achieved by UEs experiencing good channel conditions. This has led to
increasing the highest supported modulation order from 64 QAM (in Rel-8 through 11) to 256
QAM for both the Physical Downlink Shared Channel (PDSCH) and Physical Multicast Channel
(PMCH) in Rel-12.

o The support for 256 QAM was adopted in presence of transmit/receive impairments (e.g.,
error vector magnitude, 1Q imbalance etc.). A new CQI table was introduced to add
newer entries for 256 QAM by removing (down-sampling) entries from the low rate
Quadrature Phase Shift Keying (QPSK) modulation in the same table. The efficiencies
(units of bits/resource element) for the 256QAM entries range between 5.5547
bits/Resource Element (RE) to 7.4063 bits/RE. The new CQI table with the 256QAM
entries is configured by higher layer. Additionally, 8 explicit entries for 256 QAM were
added to the LTE Modulation and Coding Scheme (MCS) table by substituting these for
the existing entries corresponding to QPSK/16-QAM/64-QAM.

o Five new UE categories with 256 QAM were introduced in Rel-12. One UE category
(Category 13) has a peak rate of nearly 4 Ghps assuming 5-component carriers and
downlink MIMO support for up to 8 spatial layers multiplexing. Two new UE categories
(Categories 11 and 12) support up to 4-component carriers with downlink MIMO support
for up to 2 spatial layers multiplexing; they may also support 3-component carriers as in
the Categories 9 and 10 with additional support for 256 QAM;, this will result in a peak
rate of approximately 600 Mbps. Two new UE categories (Categories 14 and 15) are
based on the data rate of the Categories 6 and 7 with the additional support for 256
QAM. The UE support for 256QAM is indicated by the UE capability. The eNB can
indicate to the 256 QAM capable UE whether or not its CQI reporting is based on the
newer CQI table.

The following Work Item objectives were studied but not standardized in Rel-12:

Reducing Reference Signal (RS) Overhead: The channels of small cells typically have the
characteristics of low frequency-selective fading with small delay spread and slow time-fading
with low UE mobility. The low frequency-selective and slow time-varied fading may provide the
possibility for overhead reduction of downlink and uplink UE-specific reference signals. These
possible reductions of reference signal overhead is weighed against loss of demodulation
performance.

Cross Subframe Scheduling: Since the traffic arrival pattern in dense small cell deployments is
expected to exhibit a large variation of data to be scheduled at a given time interval, multi-
subframe and cross-subframe scheduling schemes were proposed as possible techniques for
control signaling overhead reduction. If downlink control signaling can be eliminated from certain
subframes (e.g., via multi-subframe scheduling), it allows PDSCH/Enhanced Physical Downlink
Control Channel (EPDCCH) transmissions to start from the first OFDM symbol in those
subframes. These additional OFDM symbols that become available for PDSCH would improve
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the overall spectrum efficiency. Any possible reduction of control signaling overhead needs to be
weighed against factors such as loss of scheduling flexibility.

Mechanisms for Efficient Operation of Small Cell Layer

Interference mitigation is necessary for handling highly varied co-channel interference when small cells
are deployed non-uniformly with intense bursty traffic arrival. Possible techniques considered for small
cell deployments included small cell ON/OFF, enhancements to downlink and uplink power control,
ICIC/elCIC, cell association and ICIC for EPDCCH. Among the schemes considered, not all have been
incorporated into Rel-12 specifications. They are described below.

e Small cell ON/OFF: When a small cell has no or low traffic, the small cell could be turned off to
reduce the interference to neighboring cells. Possible criteria for triggering this semi-static
ON/OFF could be the increase or decrease in traffic load, UE arrival or departure (i.e., UE-cell
association) and packet call arrival or completion. As an example, a turned-off small cell may be
turned on if the traffic load in the vicinity of the cell increases to a certain level. The performance
gain relies on the fast transition time between small cell OFF and ON.

o Discovery signals are designed to reduce the transition time of small cell ON/OFF. The
discovery signals are periodic signals transmitted by a switching-off small cell for UEs to
discover. The discovery procedure is designed to assist the triggering of the small cell
from OFF to ON to minimize the transition time. In Rel-12, only Radio Resource Control
(RRC) CONNECTED mode UEs are provided the assistance of discovery signals
configuration of a cell that is performing ON/OFF switching.

e Discovery signals and discovery procedure: Discovery signals and discovery procedure are
designed to facilitate the cell detection of small cells even during their OFF state. This is
accomplished via the introduction of new Discovery Reference Signals (DRS).

o The DRS consists of the Rel-8 Primary Synchronization Signal/Secondary
Synchronization Sighal (PSS/SSS) and Cell Specific Reference Symbol (CRS) signals.
Additionally the presence of Channel-State Information Reference Symbol (CSI-RS)
within the DRS can be assumed by the UE if configured via higher-layers.

o The DRS transmission can be applicable to cells both in the ON and OFF state. For cells
in the OFF state, the UE does not expect transmission of signals other than the DRS.
New Reference Signal Received Power/ Reference Signal Received Quality
(RSRP/RSRQ) measurements based on DRS (called DRS-RSRP/DRS-RSRQ) have
been defined in Rel-12.

o For purposes of assisting the UE during cell detection and Radio Resource Management
(RRM) measurements of ON/OFF cells based on DRS, a DRS Measurement Timing
Configuration (DMTC) is provided to the RRC_CONNECTED mode UE.

o The DRS-based RRM measurement reports are sent by UEs to the serving cell as the

reference for the network to decide whether the switching-OFF small cell should be
turned ON.
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Radio Interface Based Synchronization (RIBS): This objective in the Work Item is motivated by
the fact that synchronous LTE networks are essential for TDD systems and beneficial to existing
features such as ICIC, (felCIC, eMBMS, CoMP and other potential techniques for small cell
enhancements. The performance of Minimum Mean Square Error (MSE) Interference Rejection
Combining (MMSE-IRC) and Inter-cell (IC) receivers would also be improved in a synchronized
network.  Synchronization by Global Navigation Satellite System/Global Positioning System
(GNSS/GPS) might not be available for small cell deployments (e.g., indoor deployments or
hotspots with high buildings around). Synchronization over backhaul might not always provide the
required accuracy due to the timing reference being noisy in the existing backhaul infrastructure.
This motivated the need for a standardized solution for RIBS in Rel-12. The candidate RIBS
solutions for small cell deployments consisted of network listening and UE assisted
synchronization. Of these two candidate solutions, only the network listening-based solution was
specified in Rel-12.

o Network listening involves the target cell synchronizing with the source cell through
decoding the timing information from one or more reference signals, called the listening
RS, of the source cell The primary factor affecting network listening-based
synchronization performance is the hear-ability of source cell reference signals. In Rel-
12, the listening RS for RIBS consists of the Positioning Reference Signal (PRS) and/or
the Cell-specific Reference Signal (CRS) signals of the source cell. The solution provides
a flexible periodicity (1280 ms/2560ms/5120ms/10240ms) at which the target cell can
listen to the transmissions of the listening RS. Muting was supported to improve the
hear-ability of the listening RS.

The following Work Item objectives were studied but not standardized in Rel-12:

DL and UL power control — Other candidate enhancements included adaptation of a small cell
transmission power, possibly including both the common and the data channel power.. Due to the
lack of agreement on the benefits, no enhancements to the power control operations were
introduced in Rel-12 under this work item.

Enhancements of ICIC/elCIC for PDCSH and EPDCCH - In a dense small cell deployment, there
may be more than one dominant interference source. Co-channel interference between small
cells can be significant when the number of deployed small cells increases. The performance of
the LTE frequency-domain and time-domain interference coordination schemes have been
evaluated in the presence of multiple dominant interference sources in non-uniform small cell
deployments, but no agreements were reached for introduction of any enhancements in Rel-12.

Higher Layer Considerations

In the Higher Layer Study Item, considered enhancements include mobility robustness, reduction of
signaling load towards the Core Network (CN) due to handover and improved per-user throughput and
system capacity.

Dual connectivity in Rel-12 refers to an operation where a given UE is capable of using radio resources
provided by two different network points connected with non-ideal backhaul. Dual connectivity can be
utilized to achieve the enhancements listed above. For instance, mobility robustness can be improved by
keeping the control plane termination in a macro node, while allowing offloading of user plane traffic to
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pico nodes within the macro coverage. Thus, a robust signaling connection is maintained at all times to
the macro layer, and potential handover issues for pico handovers can be avoided.

Another improvement of dual connectivity is the inter-node radio resource aggregation81 where radio
resources from more than one eNB are aggregated for user plane data transmission to achieve per-user
throughput enhancements. This is illustrated in Figure 3.2.

Depending on realization of this solution, signaling overhead towards the CN can potentially be saved by
keeping the mobility anchor in the macro cell. Hence, dual connectivity consists of configuring a UE with
one Master Evolved NodeB (MeNB) and one Secondary Evolved NodeB (SeNB).

Macro cell

Carrier 2 (F2)

Non-ideal
backhaul (e.g. X2)

Figure 3.2. Inter-node radio resource aggregation for Scenario #2. F1 and F2 denote two different carrier frequencies and
Macro and Small cells are connected using a non-ideal backhaul.*

A Work Item entitled “Dual connectivity for LTE” was approved in 3GPP Rel-12. An overview of the work
carried out and the resulting outcome is provided in the following paragraphs.

The primary objective of the Work Item is to specify Dual Connectivity operation, where a given multiple
Receive/Transmit (Rx/Tx) UE in RRC_CONNECTED is configured to utilize radio resources provided by
two distinct schedulers, located in master and secondary eNBs. The work focuses on the improvement of
per-user throughput and system capacity, mobility robustness and reduction of the signaling load towards
the CN.

User Plane Architecture

e To address the above Work Item objectives, two different dual connectivity network architectures
were introduced considering different network deployment scenarios. The user plane termination
and the splitting of user plane data between the MeNB and SeNB differentiate the two protocol
architecture options.

e Option 1: S1-U terminates in SeNB

81
TR36.842, “Study on Small cell enhancements for E-UTRA and E-UTRAN — Higher layer aspects”.
# 3GPP TR 36.842, V12.0.0, December 2013.
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Option 2: S1-U terminates in MeNB; a bearer can be split over multiple eNBs

These options are further illustrated in Figure 3.3 using the downlink as an example.
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Figure 3.3. Bearer Split Options for the User Plane. Two options can be distinguished for the splitting the U-plane data.83
The resulting user plane protocol architecture is shown in Figure 3.4. The figure illustrates protocol
architecture for both network architecture options above. The radio protocol architecture that a particular

bearer uses depends on how the bearer is setup.

Three different bearer types are used in dual
connectivity.

MeNB Cell Group (MCG) bearer — the bearer is served using radio resources of MeNB only
SeNB Cell Group (SCG) bearer — the bearer is served using radio resources of SeNB only
Split bearer — the bearer is served using radio resources from both MeNB and SeNB

Signaling Radio Bearers (SRBs) are always of the MCG bearer and therefore only use the radio
resources provided by the MeNB.

8 3GPP TR 36.842, V12.0.0, December 2013.
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Figure 3.4. Radio Protocol Architecture for Dual Connectivity.84
Control Plane Architecture

The control plane connectivity for dual connectivity configured UE is shown in Figure 3.5.
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Figure 3.5. C-Plane connectivity of eNBs involved in dual connectivity.

MeNB is in control of the control plane for the UE configured with dual connectivity. Thus, S1-MME
terminates at the MeNB. There is only one S1-MME connection per UE between the MeNB and the MME.
Inter-eNB control plane signaling for dual connectivity is performed by means of X2 interface signaling.
RRC protocol is located at the MeNB only. All control signaling (RRC signaling) for the dual connectivity
UE is generated by the MeNB and transmitted to the UE over signaling bearer of the MeNB. Similarly,
uplink control signaling is terminated at the MeNB.

Each eNB is in charge of its own radio resource allocation to the UE. SeNB configures the UE with SeNB
radio resources and provides the configuration to the MeNB where MeNB generates the RRC message
towards the UE based on the radio configuration provided by the SeNB.

CA is supported in both MeNB and SeNB. The group of cells configured in the SeNB is hamed the SeNB
Cell Group (SCG). For SCG, the following principles are applied:

e Atleast one cell in SeNB has a configured UL; that is the PSCell with PUCCH resources which is
selected by the SeNB and unlike other Scells cannot be deactivated as long as SCG exists.

8 3GPP TS 36.300, V12.5.0, March 2015.
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When SCG is configured, there is always at least one SCG bearer or one Split bearer. Only the
Radio Link Control Layer (RLC) Acknowledged Mode (AM) bearer can be configured for the split
bearer while the SCG bearer could be either an AM or Unacknowledged Mode (UM) bearer.
Upon detection of a physical layer problem or a random access problem on PSCell, or when the
maximum number of RLC retransmissions associated with the SCG has been reached, RRC
connection reestablishment procedure is not triggered; instead all UL transmissions towards all
cells of the SCG are stopped and the MeNB is informed by the UE of SCG failure type.

With respect to the interaction between MeNB and SeNB, the following principles are applied:

The MeNB maintains the RRM measurement configuration of the UE and (e.g., based on
received measurement reports or traffic conditions or bearer types) may decide to ask a SeNB to
provide additional resources (serving cells) for a UE. The measurements for SCG serving cells,
and requested cells to be added are provided to the SeNB together with a SCG cell addition
request. Upon receiving the request from the MeNB, a SeNB may create the container that will
result in the configuration of additional serving cells for the UE (or decide that it has no resource
available to do so). The MeNB controls the total UE capability and shares it between the MeNB
and SeNB in order to avoid overshooting the total UE capability. Both MeNB and SeNB know the
SFN and subframe offset of each other by OAM (e.g., in purpose of Discontinuous Reception
(DRX) alignment and identification of measurement gap). When adding a new SCG ScCaell,
dedicated RRC signaling is used for sending all required system information of the cell as for CA,
except for the SFN acquired from the Master Information Block (MIB) of the PSCell of SCG.

(3.1.3 FEMTO ENHANCEMENTS

There are several enhancements in Rel-12 for femtocells such as mobility to shared (H)NodeB and LTE
X2 Gateway.

13.1.3.1 MOBILITY TO SHARED (H)NodeB

The mobility to a target eNB which is shared by multiple operators relies on the principle that the Public
Land Mobile Network (PLMN) that is going to be used at the target side is selected by the source (H)eNB
(or (H)NodeB). The mobility to a shared target (H)eNB poses specific challenges because the target
PLMN selected must be compatible with the UE in terms of CSG membershlP when that (H)eNB is
hybrid/closed. For example, if the target (H)eNB broadcasting a CSG is shared between PLMN1, PLMN2,
the UE can be a member of that CSG for PLMN1 but not for PLMN2.

In 3GPP Rel-12, the mobility procedures for UEs are enhanced with a new capability of reading and
reporting to the source eNB, prior to the handover decision. The list of PLMNs of the target cell which
satisfy these two criteria:

These PLMNSs are either the serving PLMN or equivalent PLMNs

The UE is a member of the target cell CSG for those PLMNs
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In Rel-12, when receiving this new list and deciding to trigger the handover, the source eNB is also
enhanced with the capability of selecting one of those PLMNs while verifying that it actually is an
equivalent PLMN or the serving PLMN.

The new mobility procedure to shared closed (H)eNB is shown in Figure 3.6. The MME will verify that the
UE is: 1) actually a member of the CSG for the PLMN eventually selected by the source eNB, and: 2)
allowed for this handover.

Shared
UE (H)eNB HeNB MME

1. Measurement phase

2. TA, PLMN list

»!

3. PLMN selection

4. HO Required (selected PLMN)

5. CSG membership check
for the selected PLMN

6. HO Request

<

7. Handover Request atk
N

Figure 3.6. New mobility procedure to shared closed (H)eNB. MME verifies the UE PLMN CSG membership.

Finally, it can be noted that in Rel-12, this procedure has been extended to also work when the target cell
is operating in hybrid mode. If the UE detects that it is a member of the target cell’'s CSG for at least one
of the target PLMNSs, it will also report to the source eNB and the same list and the same call flow as
above will apply.

This Work Item on (H)eNB mobility enhancements was completed in Rel-12.

23.1.3.2 LTE X2GW (X2 GATEWAY)

The extraordinary explosion of mobile data traffic leads to the densification of LTE networks through the
deployment of multiple small cells per macro sector, in particular numerous (H)eNBs under each macro
sector. This creates a number of challenges for the scalability of X2 connections from an eNB to its
neighbor (H)eNBs such as:

e Depending on the number of cells of a macro eNB and of the degree of densification by (H)eNBs,
the number of (H)eNB neighbors could reach several dozen or even beyond

4G Americas | Mobile Broadband Evolution Towards 5G: 3GPP Rel-12 & Rel-13 and Beyond | June 2015 37



e A corresponding surge can be expected in the number of triggered “neighbor address discovery
S1 procedures” and in the number of SCTP associations to be supported by an eNB

e Unlike eNBs, (H)eNBs under control of end users can experience frequent and/or unexpected
switch-off and also peaks of switch-on signaling (e.qg., for residential cases, in the evening a large
number of (H)eNBs could power on at about the same time)

e Impacts related to the change of IP address that can be associated with the switch on/off also
need to be addressed

In order to meet all those challenges, in Rel-12, an eNB could connect to its neighbor (H)eNBs through
one or more X2 Gateways (X2GWs). The X2GW may be optionally deployed over X2 interfaces
independently of the (H)eNB Gateway (GW) which is deployed over S1 interfaces. This X2GW will help
avoid the issues previously listed while maintaining simple connectivity principles such as:

¢ a(H)eNB can connect to other (H)eNBs through a single X2GW

e X2 connections through more than one X2GW are not possible
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.
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Figure 3.7. Overall E-UTRAN Architecture with deployed (H)eNB GW and X2 GW.85

8 3GPP TS 36.300, v12.5.0, March 2015.
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The X2 GW hosts the following functions:

e Routing the X2AP X2 MESSAGE TRANSFER message to target eNB or (H)eNB based on the
routing information received in the X2AP X2 MESSAGE TRANSFER message

¢ Informing the relevant (H)eNBs upon detecting that the signaling (i.e., Stream Control
Transmission Protocol (SCTP)) connection to a (H)eNB is unavailable. The relevant (H)eNBs are
the ones which had an “X2AP association” with this (H)eNB via the X2 GW when the signaling
connection became unavailable

e Mapping the Transport Network Layer (TNL) address(es) of a (H)eNB to its corresponding Global
(H)eNB ID and maintaining the association

The feature remains backwards compatible in the sense that a (H)eNB can connect to a peer (H)eNB
using either direct X2 or via the X2GW. When the connection goes via the X2GW, the source (H)eNB
includes a new target (H)eNB Radio Network Layer (RNL) identifier uniquely identifying the target (H)eNB
in the X2 Setup Request message; this identifier can be mapped in the X2GW to derive a corresponding
IP address to reach the relevant destination node.

[3.1.4 MACHINE TYPE COMMUNICATIONS (MTC)

With the increased availability of mobile broadband, cellular connectivity has become a realistic option for
Machine Type Communication (MTC). In the long term, it is expected that the number of connected MTC
devices will outhumber the human-centric communication devices.

In order to further optimize MTC communication and connectivity over LTE, the 3GPP standardization
community has recently discussed radio access related technologies/mechanisms to:

e Further improve the support of low-cost and low-complexity device types to match low
performance requirements (for example in peak data rates and delay) of certain MTC applications

e Provide extended coverage for MTC devices in challenging locations
¢ Enable very low energy consumptions to ensure long battery life
e Serve very large numbers of devices per cell by optimizing signaling of small data transmission

The 3GPP activities addressing MTC enhancements, as previously described, have materialized in two
main Study/Work areas:

¢ A RAN Work Item on low cost and extended coverage (following a Study Item which started
during the Rel-11 time-frame)®® ®’

e A RAN Study Item targeting the evaluation of a few solutions identified as part of a system-wide
Work Item on Machine Type and other mobile data applications Communications Enhancements

86
o TR 36.888: “Study on provision of low-cost MTC use based on LTE” (Rel-11).
RP-130848: WID on Low cost & enhanced coverage MTC UE for LTE (Rel-12)
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(MTCe)SS. In particular, the two areas involving RAN study89 are: UE Power Consumptions
Optimizations (MTCe-UEPCOP) and Small Data and Device Triggering Enhancements (MTCe-
SDDTE).

The following sections are intended to summarize the objectives of the RAN Study/Work and the current
3GPP status.

23.1.4.1 LOW COST AND ENHANCED COVERAGE MTC UE FOR LTE

In Rel-12, a new UE category is introduced to address the low cost/complexity aspects of the design goal.
The following UE capabilities have been defined:

e Reduced data rate with maximum Transport Block Size (TBS) of 1000 bits for unicast and 2216
bits for broadcast

o New half duplex type with relaxed switching time
e Single receive antenna with reduced data rate capability

e Optional MBMS support with PMCH TBS size of 4584 bits
The following gives further description of the features specified for the Rel-12 low complexity MTC UEs.

Downlink channel bandwidth for data channel in baseband is reduced (although only through implicit
restriction), while the control channels are still allowed to use the carrier bandwidth. Uplink channel
bandwidth and bandwidth for uplink and downlink RF remains the same as that of non-MTC LTE UE. For
broadcast traffic, there is no explicit restriction on the resource allocation size for MTC UEs. For unicast
traffic, there is only implicit restriction on the resource allocation size due to the max TBS limitation (1000
bits in uplink and downlink).

A new UE Category — UE Category 0 — was defined to accommodate the low complexity UE features.
The maximum TBS for Category 0 UEs is 1000 bits for unicast transmission on PDSCH. The maximum
TBS is 2216 bits for broadcast data types referenced by System Information — Radio Network Temporary
Identifier (SI-RNTI), Paging — RNTI (P-RNTI) and Random Access — RNTI (RA-RNTI). If a UE indicating
Category 0 is scheduled with DL transmissions exceeding these limits then the prioritization between
these DL transmissions within one TTI is left up to the UE implementation. The number of soft buffer bits
for unicast was specified as 25344. A low complexity MTC UE may support eMBMS, in which case it must
support a TBS size for MBMS reception of 4584 bits.

There was no change of the current mapping defined for existing UE categories between MCS indices
and TBS lookup indices (I_MCS) for Category 0 UEs. The number of supported HARQ processes was
kept unchanged from Rel-11. For Category 0 UEs operating in either FDD (Full Duplex or Half Duplex) or
TDD modes, the scheduling and Hybrid Automatic Retransmission Request (HARQ) timing for PDSCH
and PUSCH are the same as for Category 1 UEs.

88
. SP-120442; SP-120450: SA2 wids on UEPCOP and SDDTE
RP-130396: RAN SID on Machine-Type Communications (MTC) and other Mobile Data Applications Enhancements
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There is no change of control channel search space and Downlink Control Information DCI sizes relative
to Category 1 UEs. Transmission mode(s) and EPDCCH supported by Category 0 UEs are the same as
Category 1 UEs; furthermore, Semi-Persistent Scheduling (SPS) and TTI bundling are supported for
Category 0 UEs.

The maximum number of DL and UL HARQ processes for Category 0 Half Duplex FDD UEs are the
same as those of Category 1 UEs. Category 0 Half Duplex FDD UEs are assumed to have one oscillator,
which requires the accommodation of a retuning time for Rx-to-Tx or Tx-to-Rx switching. The guard
period to allow Tx-to-Rx switching is created by the UE not receiving the downlink subframe, immediately
following an uplink subframe.

The UE does not indicate its low complexity capability in Messages 1, 3 or 5 in the access procedure. The
low complexity MTC capability is conveyed only as part of the UE capabilities by indicating UE Category
0. In order to avoid interoperability problems, a Category 0 UE supporting only 1000 bit UL TBS must
restrict its UL Buffer Status Report (BSR) to less than 1000 bit until having provided the UE capabilities to
the eNB or having received the first RRCConnectionReconfiguration message so that the E-UTRAN can
restrict all subsequent UL grants accordingly. Partitioning of the RACH resources was not introduced in
Rel-12. This means that the E-UTRAN will need to ensure that all UEs will get only UL grants of max
1000 bits until the UE capability is provided.

A Category 0 UE considers a cell incapable of supporting the low complexity feature as a barred cell and
should not camp on such cells. It was seen beneficial for an eNB to avoid initiating a handover of a
Category 0 UE towards an eNB that does not support Category 0 UEs. In Release 12, the 1 Rx antenna
has been agreed.

Furthermore, the objective to provide coverage improvement has been deferred to Release 13 and the
objective of reduced downlink channel bandwidth of 1.4 MHz has been removed from the scope of the
work item. For Rel-13, further work is planned with the goal of further complexity reduction, coverage
enhancements and power optimization.

23.1.4.2 RAN ASPECTS OF MACHINE TYPE (AND OTHER MOBILE DATA)
éAPPLICATIONS COMMUNICATIONS ENHANCEMENTS

The Study Item performed in RAN was aimed mainly at investigating and evaluating the RAN-impacting
solutions that have been proposed, at system level (see Section 3.3.1), to address enhancements related
to UE Power Consumptions Optimizations (UEPCOP) and Small Data and Device Triggering
Enhancements (SDDTE).

In particular, enhancements have been studied in the context of MTC traffic involving small data transfers
(with inter-arrival time from several seconds to many hours) and focused on the following solutions:

o UEPCOP: Power saving (or dormant) state and extended DRX cycle (Idle and connected)

e SDDTE: Data over Non Access Stratum (NAS) signaling over control plane, connectionless
approaches over user plane and keeping UEs in connected mode for small data transmission
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Details on the identified solutions at the system level can be found in Technical Report 23.887.%° Note
that both E-UTRAN and UTRAN related enhancements are part of the Study scope (both at system and
RAN levels).

The RAN Study Item was closed at RAN#61 in September 2013. The RAN study outcome is captured in
the Technical Report 37.869%". In December 2013, a Work Item has started, covering the following
objectives:

e For UE Power Consumption Optimizations, RAN2 specification(s) will be enhanced to align the
Access Stratum procedures with the (CT1) NAS solution on the agreed new “Power saving state”;

e For Signaling Overhead Reduction, RAN2 should evaluate the introduction of new assistance
information/parameters from CN to RAN related to the UE and its traffic type/pattern, in line with
the (SA2) agreed new CN-RAN signaling.

In September 2014, the Work Item was completed, with the following radio network solutions
standardized:

e A new UE Power Saving Mode has been introduced (mostly a NAS feature) with some
description added in the Access Stratum spec for Idle mode (TS 36.304).

e For Signaling Overhead Reduction, new CN assistance information for eNB parameters tuning
has been introduced, as captured in the Stage 2 and Stage 3 specifications (TS 36.300, 36.413,
36.423).

3.1.5 PROXIMITY SERVICES (ProSe)

Proximity Services (ProSe) is one of the main features introduced in LTE Rel-12. The work in 3GPP is
split up into direct discovery and direct communication.

ProSe direct discovery identifies UEs that are in proximity of each other. The main motivation for the
direct discovery work is the ability for operators to provide a highly power efficient, privacy sensitive,
spectrally efficient and scalable proximate discovery platform. This allows the discovery to be “Always
ON” and autonomous, with possible improvement in battery life time compared to over-the-top (OTT)
solutions based on tracking the absolute location of the device and other device-to-device technologies
such as Wi-Fi Direct and Bluetooth Low Energy (BTLE). The use of licensed spectrum for ProSe
discovery may allow mobile operators to employ it to offer a range of differentiated applications and
services to users. Examples of potential commercial use cases of ProSe discovery are social discovery,
proximate advertising, and consumer alerts of nearby events, gaming that integrate physical-world
elements, education, home automation and supervision of persons not supposed to leave or enter a
specific area. ProSe discovery can either be direct or EPC-level and is authorized by the operator. The
authorization is either on a UE basis or on an application basis. The network also controls the use of
resources that are used for discovery. Further details of discovery are discussed in Section 3.1.5.1 below.

90
. TR 23.887: “Machine-Type and other Mobile Data Applications Communications Enhancements”.

1
TR 37.869: “Study on Enhancements to Machine-Type Communications (MTC) and other Mobile Data Applications; Radio Access
Network (RAN) aspects”.
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The direct communication work is motivated by public safety applications, direct communication provides
a way for UEs to communicate directly with each other both in presence and absence of an LTE network
(e.g., due to access disruptions or shut down caused by strong winds, low-level earthquakes or big
natural disasters). Direct communication provides an alternative off-network device-to-device data
communication mechanism allowing mission-critical voice and data communications, with appropriate
capacities. Further details of communication are discussed in Section 3.1.5.2 below.

The main RAN functionalities introduced to support this feature are signal design, resource allocation and
selection techniques. The corresponding “stage-3” (protocol details) standardization was completed in
March 2015 and captured in various 3GPP RAN specifications. The results of the initial 3GPP study are
captured in 3GPP TR 36.843.

23.1.5.1 ProSe DIRECT DISCOVERY

Overview of ProSe direct discovery procedure is shown in Figure 3.8. The eNB sets aside resources for
discovery on a periodic basis called discovery pool. The eNB informs devices of the discovery pool via
RRC signaling and both dedicated and broadcast mechanisms are supported. The discovery resource
pool information comprises of the set of subframes as well as a period. The set of sub-frames within a
period determine the discovery window, (i.e., the amount of time that the devices stay on to transmit and
receive expressions (e.g., 64 ms). The discovery period (e.g., 10s) determines how often devices wake
up to perform discovery. Both the discovery window and discovery period are configurable by the
operator.

Within the allocated resources two modes of resource allocation are supported: Type 1 and 2B. In Type 1
resource allocation, UE selects a resource randomly from allocated resource pool every discovery period.
For Type 2B resource allocation, eNodeB allocates a logical resource via RRC signaling to the UE. The
physical resource used is defined based on a hopping pattern using the logical resource for each
discovery period.

SIB configured discovery resource pool

Y
,OresS,.On
i A
Dedicated resource

(only for Type 2B)

Figure 3.8. ProSe direct discovery overview.

Devices wake up during a discovery window to transmit and receive expressions which are sent as
broadcast messages. The expressions use a signal design similar to existing UL SC-FDMA waveform
and are of fixed message size (232 bits) and frequency resource (2 Physical Resource Block (PRB)
pairs).
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23.1.5.2 ProSe DIRECT COMMUNICATION
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Figure 3.9. ProSe direct communication overview.

Overview of ProSe direct communication procedure is shown in Figure 3.9. Direct communication is a
broadcast mechanism (no physical layer feedback) that defines two physical channels: control and data.
The resources used for direct communication comprise of control and data resources. For in-coverage
operation, a control resource pool is provided via RRC signaling while for out of coverage operation, the
control resource pool is pre-configured.

Further, two modes of resource allocation are supported: Mode 1 and Mode 2.

In Mode 1 resources allocation, the eNB explicitly assigns resources to be used by transmitting devices
for control and data transmission for each device. This is done via a new downlink control information
format (DCI 5) that is carried via PDCCH or EPDCCH. Transmitting devices transmit the control and data
in the resources assigned by the eNB. This mode is supported only in In-Network scenarios. In Mode 2
resource allocation, an additional data resource pool is defined. The transmitting UEs determine the
resources to be used for control and data transmission.

Devices transmit control to announce resources to be used for subsequent data transmission. Receiving
devices monitor the control resources to determine when to wake-up and listen for data transmission.

The signal design for both control and data is similar to existing UL SC-FDMA waveform and with control
being of fixed message size (depending on system bandwidth) and frequency resource (1 PRB pair).

3.1.6 USER EQUIPMENT (UE) ENHANCEMENTS

UE receiver enhancements are particularly well suited to mitigate the increased inter-cell and intra-cell
interference that comes as a natural consequence of several trends:

e Cell densification
o Deployment of heterogeneous networks

e Use of SUMU-MIMO
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This increased interference can either come from higher power cells when the terminal is being served by
a small cell (in a co-channel deployment with macro- and pico-cells for example); from neighboring small
cells in the case of a dense small cell deployment in either a dedicated carrier deployment or a co-
channel deployment; or even from intra-cell as a result of SU/MU-MIMO operation.

It is in this context that advanced UE receivers with interference cancellation and/or suppression can
increase system capacity and user experience. These advanced receivers have been defined in 3GPP in
the course of a few releases starting from Rel-10 and described in previous 4G Americas white papers

focused on the 3GPP technology standards®? (in particular HetNet FelCIC to mitigate strong interference
from common signals such as CRS, PSS, SSS, Primary Broadcast Channel (PBCH)).

In addition to interference mitigation of the common signal, data channel (i.e., PDSCH) interference
cancellation/mitigation has shown promising performance gain as reported in the Rel-12 Study Item of
NAICS (Network Assisted Interference Cancellation and Suppression) Technical Report TR36.866
v12.01. The scope of the Study Item focuses on inter-cell and intra-cell interference cancellation and/or
suppression of data at the UE receiver when some knowledge of the neighboring interfering transmission
is provided with possible network assistance.

This new category of UE receivers is called NAICS receivers. The Study Item led to a subsequent Rel-12
Work Item focusing more on inter-cell interference cancellation in particular.

23.1.6.2 NAICS PRINCIPLE

NAICS is the implementation of linear IS and non-linear iterative/non-iterative IC receiver enhancements
at the UE for efficient demodulation of PSDCH in the presence of co-channel inter-cell and intra-cell
interference in interference-limited scenarios. NAICS receivers use a combination of blind detection of
some of the neighboring cell interfering-signal parameters and an explicit higher layer signaling of other
parameters by the serving eNB to the UE. The basic principle behind the NAICS receiver is the exchange
of semi-static cell configuration information between the neighboring eNBs through X2 backhaul interface
and higher layer signaling from serving eNB to UE of the neighboring cell configuration parameters. The
semi-static cell information consists of cell ID, CRS ports, cell-specific data-to-RS power ratio, a set of
possible transmission modes, and so on, while the UE is generally required to detect the dynamic
scheduling parameters on a per-PRB basis such as the presence/absence of the neighboring cell
interference, the associated Transmission Mode (TM), PMI in the case of CRS-based TM, and its
modulation format and coding rate, etc.

Essentially, NAICS receivers require new signaling elements to enable more effective and robust UE-side
interference cancellation and suppression that can translate the link-level improvement of these receivers
to system-level capacity gain. Semi-static signaling is provided by the serving eNB to the UE to ensure
robustness and to manage UE complexity/power consumption of NAICS receivers, while the UE detects
dynamic interferer parameters at a per-PRB granularity to ensure no loss of flexibility in eNB scheduling.

“http:/www.4gamericas.org/en/resources/white-papers/
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23.1.6.3 NAICS RECEIVER STRUCTURES

The following are the different types of receivers considered for NAICS with each operating under various
degrees of knowledge of interferer parameters. Each receiver type may be applicable for dealing with
inter-cell, intra-cell and/or inter-stream interference:

1. Interference Suppression Receivers

These receivers refer to receivers that apply linear filtering to the received signal to suppress the
interference, as opposed to explicitly cancel the interference. Three types of Interference Suppression
(IS) receivers are identified:

e Linear Minimum Mean Squared Error — Interference Rejection Combining (LMMSE-IRC):

o No knowledge of interferer parameters is required. This is the Rel-11 receiver that
serves as a baseline.

¢ Enhanced LMMSE-IRC (E-LMMSE-IRC):

e These interference parameters can enable interferer channel estimation and are required. For
example, its DMRS or CRS is required for Pre-coding Matrix Indicator/ Rank Indicator
(PMI/RI).

e Widely linear MMSE-IRC (WLMMSE-IRC):

o WLMMSE-IRC exploits the additional degrees of freedom from the real and imaginary
part of the received signal to enhance suppression of interference.

2. Maximum Likelihood (ML) Receivers
ML-type of receivers are non-linear in nature. Three types of ML receivers are identified:
e ML

o Interference parameters that can enable interferer channel estimation and interferer
detection at symbol level (e.g., modulation) are required.

¢ Reduced complexity ML (R-ML):
o The same interference knowledge as for ML is required.
e |terative ML and Iterative R-ML:

o In addition to the interference knowledge needed for ML, knowledge that can enable
code word demodulation and decoding and network coordination assumptions is
required.

3. Interference Cancellation (IC) Receivers

IC-type receivers are also non-linear in nature. Four types of IC receivers are identified:
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e Linear Code Word Level Successive Interference Cancellation SIC (L-CWIC):

o Same interference knowledge and network coordination assumptions as Iterative ML
and lterative R-ML. Additionally, interferer RNTI knowledge may be needed.

e ML-CWIC:

o The same interference knowledge and network coordination assumptions as L-CWIC
are necessary.

e Symbol level IC (SLIC):

o SLIC has the same interference knowledge and network coordination assumptions as
ML/R-ML.

o Parallel Interference Cancellation (PIC):

o PIC has the same interference knowledge and network coordination assumptions as
ML/R-ML and SLIC.

The work item focused on R-ML and SLIC as the two most promising receivers, based upon which Rel-12
UE demodulation performance requirements are under standards definition.

23.1.6.4 NAICS RECEIVER PERFORMANCE FACTORS

The following are the various deployment scenarios used for NAICS evaluation in Rel-12 and illustrated in
Figure 3.10:

e NAICS Scenario 1: This is a Homogeneous network with a non-ideal backhaul considered
between sites.

e NAICS Scenarios 2a:_This is Heterogeneous deployment scenario consisting of 4/10 Picos per
macro cell. Scenario 2a uses Non-ideal backhaul between sites.

e NAICS Scenario 2b:_ This is Heterogeneous deployment similar to Scenario 2a but uses “fiber
access 4” between macro and small nodes.

NAICS scenario 1 NAICS scenario 2a NAICS scenario 2b

Homogeneous scenario — — Non-ideal connection —— "fiber acces 4” connection

Heterogeneous scenario 2a Heterogeneous scenario 2b

Figure 3.10. lllustration of the various deployments scenarios considered for NAICS evaluation.”

% 3GPP, TR36.866 v12.01.

4G Americas | Mobile Broadband Evolution Towards 5G: 3GPP Rel-12 & Rel-13 and Beyond | June 2015 47



The system level and link level performance study conducted in Rel-12 concludes that Enhanced IS/IC
receivers (Enhanced - Linear Minimum Mean Square Error — Interference Rejection Combining [E-
LMMSE-IRC], Maximum Likelihood [ML], Symbol Level - Interference Cancellation [SL-IC], Linear -
CodeWord level successive - Interference Cancellation [L-CW-IC]) outperform the baseline LMMSE-IRC
receivers.

At the link level, the study shows that the amount of NAICS performance gains depend on a variety of
factors:

1. CRS collision pattern between serving and interfering cells

e Significant performance gains can be achieved in the case of CRS-based PDSCH-IS/IC for a
dominant interferer with colliding CRS patterns. This is typical for HetNet and dense small cell
deployment scenarios.

e Studies have also shown performance gains to a lesser degree for the case of CRS-based
PDSCH-IS/IC for a dominant interferer with non-colliding CRS patterns. This is typical for non-
HetNet and non-dense small cells deployment scenarios.

2. Transmission mode combination between serving and interfering cells

¢ NAICS receivers were studied in scenarios where both serving and interfering cells have either
CRS- or DMRS-based transmission modes and noticeable performance gains were observed.

e Studies have shown varying degrees of performance gains in mixed TM scenarios (e.g., DMRS-
based serving cell + CRS-based interfering cell), depending on the combination of transmission
modes of serving and interfering cells.

3. Moreover, it is observed that the performance of different IS/IC receivers show a strong
dependence on the MCS and the number of layers of serving and interfering transmissions.

Considering the variety of parameters, the SI and W1 phases of NAICS evaluated the performance over
randomized models of interference at the link level to confirm advanced receiver gains, to accompany
system level evaluations.

23.1.6.5 NAICS INTERFERING PARAMETERS

The Rel-12 study item on NAICS identified various interfering parameters that are necessary for the UE
receivers to suppress and cancel the interference. Subsequently, it was concluded that some of the
parameters can be blindly detected by the UE and some of them conveyed by Higher Layer (HL)
messaging by the serving eNB to the UE. Table 3.1 summarizes the various interfering parameters and
the corresponding detection mechanism used by the UE.
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Table 3.1. List of Interference Parameters necessary for NAICS receivers and the corresponding

UE detection mechanism.

Interference Parameters

UE detection mechanism

General

Basic CRS assistance information
(Cell ID, MBSFN pattern, Number
of CRS APs)

Serving eNB informs UE via Higher-
layer (HL) signaling

Ps

Serving eNB informs UE via HL

signaling

Synchronization of CP, slot, SFN,
sub-frame and common system
BW

Explicitly assumed when HL signaling
is present

ZP and
configurations

NZP CSI-RS

No signaling is required

PDSCH starting position (CFI)

No signaling is required

Transmission Mode (TM)

UE uses Blind detection (BD)
HL signaling on TM subset

For CRS-based PDSCH-IS/IC

PDSCH presence

UE uses BD

Modulation format

UE uses BD

PMI/RI for CLSM

UE uses BD for 2 CRS APs
FFS (No support of NAICS or BD) for
4 CRS APs

Data to RS EPRE (Pa)

UE uses BD w/ HL signaling of Pa
subset. Subset size is 3

For DMRS-based PDSCH-IS/IC

PDSCH presence (incl. nSCID, | UE uses BD

DMRS APs)

Modulation format UE uses BD

Virtual Cell ID for TM10 No signaling. UE is not expected to
cancel and suppress interference
from TM10

Quasi co-location information for | No signaling. UE is not expected to

TM10 cancel and suppress interference
from TM10

Interferer parameters
granularity

PDSCH resource allocation and
pre-coding granularity

Interferer parameters are assumed to
have granularity of at least 1 PRB pair
A larger granularity in frequency can
be also signaled to UE. The possible
values are {1,2,3,4} RBs

23.1.6.5 NAICS SIGNALING AND UE OPERATION

The NAICS WI concluded that parameters that are signaled by the network such as P_B, CRS assistance
information, a set of Data to Reference Signal Energy Per Resource Element (RS EPRE) (PA) and the
set of transmission modes are associated with physical cell ID, and transmitted by the serving eNB to the
UE. Moreover, the higher layer signaling was concluded to span up to 8 interfering cells. The scope of
Rel-12 NAICS includes transmission modes TM2, TM3, TM4, TM6, TM8 and TM9. The UE is not
expected to cancel or suppress TM10 interference, and TM5 and TM7 are not within the scope of NAICS

for serving and interfering cells.

From a UE operation point of view, Rel-12 NAICS assumes as a minimum requirement the total number
of serving and interfering cells processed to three and the total number of interfering PDSCH processed
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to one,, considering the complexity impact on the UE. The advanced receiver candidates, hamely the R-
ML and SLIC receivers, are assumed to perform CRS-IC as an included functionality as part of NAICS
operation.

Moreover, in order to not limit the flexibility of scheduling at the eNB, the interferer parameters are
assumed to vary on a per-PRB pair granularity in the frequency domain. Accordingly, the UE is required
to have the capability to blindly detect interferer parameters at a 1 PRB pair granularity, verified by
performance requirements. Potentially, larger granularity of interferer parameters may be signaled by the
eNB, allowing for UE optimizations in such scenarios.

From a field operational point of view, it is important that Rel-12 NAICS is able to enhance link and
system level performance via advanced receiver processing, while ensuring robustness compared to Rel-
11 receiver performance when gains are not available. This is not a trivial problem considering UE blind
detection of interferer parameters. It has been concluded that this challenge can be met with NAICS and
that UE demodulation performance requirements would ensure that robustness of the advanced receiver
is tested in particularly challenging scenarios along with enhanced performance that is obtained in many
other scenarios.

It was also concluded during the WI that CQI definition for Rel-12 NAICS is unchanged compared to Rel-
11. The UE requirements for CQI reporting are under discussion in the performance part of the WI that is
currently ongoing.

13.1.6.6 IS/IC FOR SU-MIMO

A specific intra-cell interference scenario part of the Rel-12 Study is SU-MIMO. In the case of SU-MIMO,
multiple streams can be transmitted over the same time/frequency resources to improve spectrum
efficiency and peak data rate. However, UEs may have to face inter-stream interference due to imperfect
feedback and limited codebook size. As in the case of inter-cell and intra-cell interference, NAICS
advanced receivers based on interference cancellation or maximum likelihood can be used for SU-MIMO
transmission schemes to mitigate inter-stream interference but with no additional network assistance.

[3.1.7 SELF-OPTIMIZING NETWORK (SON) ENHANCEMENTS

Rel-12 SON enhancement studies are focused on both interoperability aspects of existing features and
some new features.*

One part of the study concerned the automatic adjustment of cell borders for the purpose of load
balancing, introduced in Rel-9, in light of release-dependent requirements linked to the UE's capability to
be served by a cell that is not the strongest cell (cell range extension). The focus is on evaluating
different opportunities based on grouping of UEs with similar capabilities, or UE specific handling, and if
there are needs for enhanced standardization support. Particular attention was given to avoid ping-pong
handovers in the case of different treatment of various UE types with different UE capabilities in two eNBs
involved in load balancing.

The benefit of solutions based on the grouping of UEs with similar capabilities is to enable mobility border
negotiations per UE group, and hence a more detailed traffic steering based on negotiation. This would

94
TR 37.822 v1.0.0, “Study on next generation Self-Optimizing Network (SON) for UTRAN and E-UTRAN".
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also lead to a better a priori knowledge of the target eNBs ability to handle Handover (HO) policies for
specific UEs. However, such enhancements come at the cost of restrictions to the RRM and scheduling
policies compared to the status quo or simpler enhancements, and therefore no further standardization is
foreseen in Rel-12/13 relative to this part of the study.

Another part of the study concerned network deployments based on Active Antenna Systems (AAS) that
enables cell splitting/merging, cell shaping and beamforming and its impacts on existing SON features. It
was concluded that connection continuity within modified cells may be provided based on existing
functionality, however inter-eNB mobility requires inter-eNB coordination prior to the planned change.
AAS-based deployment changes impact MRO (Mobility Robustness Optimization). The impact may be
mitigated if inter-eNB coordination is enabled. Standardization for such inter-eNB coordination is foreseen
in Rel-13.

Enhancements for pre-Rel-12 small cells were also studied, and standards enhancements were agreed
and introduced in Rel-12. The enhancements include several aspects of MRO: 1) whether or not / how to
take into account the outcome of RRC reestablishment attempts (e.g., insufficient UL coverage) in the RO
verdict; 2) whether or not / how to take into account the UE mobility state in the MRO verdict and; 3) radio
link failure reporting in areas where legacy RATs provided coverage and high capacity requirements are
met with deployment of possibly scattered LTE small cells

3.1.8 HETEROGENEOUS NETWORKS (HETNETS) MOBILITY

Heterogeneous Networks (HetNets) can be deployed in single carrier or multicarrier environments
(including non-CA and CA cases). Seamless and robust mobility of users from LTE macro to small BTS-
layer, and vice versa, is needed to enable offload benefits.

UE mobility state estimation is based on the number of experienced cell changes in a given time period,
but without explicitly taking the cell-size into account, and hence the mobility state estimation may not be
as accurate as in a macro-only environment.

The Work Item on Mobility Enhancements provides means to improve overall HO performance with
regard to HO failure rate and ping-pong in HetNet environments. Optimal configuration of parameters
and better speed estimation solutions are introduced to improve HO robustness while keeping the ping-
pongs under control. Devices report their mobility speed estimate and can also report the cell crossing
history when it goes into RRC connected state to allow the network to better estimate the device speed
and configure appropriate parameters immediately after connection establishment. It is also possible to
configure different times to trigger values for macro and small cell target cells.

Scenarios with more Base Transceiver Station (BTS)-layers and multiple carriers also means that there
are more potential HO failure cases, and therefore better recovery procedures that can help improve the
overall system robustness. Faster re-establishments after a HO failure in HetNet environments where
another suitable cell is available are introduced to reduce interruption time for the user and improve the
user experience. Further, reestablishment towards a cell that is not prepared is also now possible to
improve the success rate.
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13.1.9 MULTIMEDIA BROADCAST MULTICAST SERVICES (MBMS)
|ENHANCEMENTS

It is of paramount importance for an operator to rely on recovery schemes in case a node/interface failure
event happens in order to maintain the delivery of services. Such recovery mechanisms had already
been designed prior to 3GPP Rel-12 for EPC nodes and in Rel-12 they have been further extended to
additionally cover all MBMS nodes (i.e., to enable recovery in case any of the Broadcast Multicast Service
Center (BM-SC), MBMS GW, MME, Multi-cell/Multicast Coordination Entity (MCE) or eNB nodes fails or
any interface between them fails).

Furthermore, although support of MBMS services has been introduced in 3GPP Rel-9, there have been
no UE measurements defined that could be reported to the network in order to help monitor the signal
quality at the UE. There are various measurements defined for the unicast signal, but due to the
difference created by the lack of Single Frequency Network (SFN) signal combining, the same
measurements have very limited usefulness in predicting the MBMS signal quality. In order to provide
better tools for the network to monitor and adjust the MBMS operational parameters, new measurements
targeting MBMS signals are introduced in Rel-12.

In this section, both the recovery mechanisms and measurements enhancements are described.

23.1.9.1 RECOVERY MECHANISMS

MBMS Sessions Re-Establishment

The first cornerstone of MBMS recovery mechanisms consists of the re-establishment of the MBMS
sessions over the M3 interface, following an MCE failure or an M3 path failure. Upon receiving the Reset
message or the M3 Setup Request message from the MCE, the MME will maintain the MBMS bearer
contexts while locally deleting the MCE related information corresponding to the services indicated in the
Reset message. The MME will then subsequently re-initiate the MBMS Session Start messages
corresponding to those services.

These new Session Start messages will enable the MCE to restore M3 Application Protocol (M3AP)
contexts related to the involved MBMS services and restart the MBMS services themselves if interrupted
during the failure event. Hence, this automatic re-establishment of MBMS sessions makes the MBMS
system reliable for the operator. For example if a subsequent MBMS Session Update or MBMS Session
Stop comes in just after the failure, it can be safely delivered using the restored M3AP associations.

The feature can also similarly cover the re-establishment of MBMS sessions over the M2 interface
following an eNB failure or an M2 path failure. In this case the MCE will re-initiate the MBMS Session
Start messages towards the eNB to restore the services affected by the failure.

MME Take-Over Mechanism

The second cornerstone of MBMS recovery mechanisms consists of the MME takeover following a Sm
path failure. For example, in the case of a permanent Sm path failure, this feature enables the MBMS GW
to select another MME of the pool to be used instead. This selection of an alternative MME can also be
used for a non-permanent Sm path failure if an MBMS Session Stop message or an MBMS Session

4G Americas | Mobile Broadband Evolution Towards 5G: 3GPP Rel-12 & Rel-13 and Beyond | June 2015 52



Update message is received from the BM-SC which needs to be delivered immediately during the failure
duration.

Once the new MME2 has been selected, the MBMS GW generates MBMS Session Start messages
corresponding to the services of the not reachable MME1 and including a “re-establishment” indication.
The MME2 propagates each of these messages to the MCE which notices the special indication in them
and infers from its presence that it must “replace” the ongoing service by the newly received one which
has the same TMGI value.

In the meantime, as soon as the Sm path becomes available again, the MBMS GW sends an MBMS
Session Stop message to the former MMEL additionally including a special indication to just remove the
hanging corresponding M3AP contexts in the MMEL. This feature has been extended to cover the case
of the SGmb path failure for which the BM-SC can similarly select an alternative MBMS GW2. This case
is particular since the new MBMS GW?2 could perfectly happen to select the same MME (as used by
former MBMS GW1) to deliver the new MBMS Session Start messages including the “re-establishment”
indication. In this particular case, the MCE will then have to replace the ongoing MBMS sessions by new
sessions, even though received from the same MME.

These MBMS enhancements have been introduced in Rel-12.

23.1.9.2 MBMS MEASUREMENTS

The MBMS measurement report is primarily intended to support network maintenance and optimization.
The MBMS radio level metrics can be used for the following purposes:

o MBMS radio level metrics can indicate the existence of coverage holes.

e Multimedia Broadcast Single Frequency Network (MBSFN) radio level metrics can assist in
configuring appropriate MCS for each service. An MCS setting that is too aggressive may result
in heavy application layer retransmission via file repair while an MCS setting that is too
conservative leads into underutilization of the radio resource. In both scenarios, the network
capacity cannot be fully exploited.

e MBMS radio level metrics can assist in optimization of Forward Error Correcting (FEC) code
parameters at the application level.

e MBMS radio level metrics can assist in allocating the appropriate number of Multicast Broadcast
Single Frequency Networks (MBSFN) subframes for the MBSFN area.

e MBMS radio level metrics can potentially capture the loss due to excess delay spread. Even with
relatively low cellular Tx power, there could be multipath beyond the cyclic prefix when the
environment has lots of reflection.

MBMS measurements are based on the logged Minimizing Drive Test (MDT) framework defined in Rel-10
where the UE logs eMBMS measurements for subsequent reporting to the network. eMBMS
measurements are logged in both RRC connected and Idle modes.
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To avoid additional power consumption and measurement burden for the UE to collect MBMS radio level
metric, the UE could start collecting the metric when it starts receiving MBMS service; it only collects such
metric during the MBSFN subframes when it receives MBMS service.

The measurement collection should be separated, corresponding to different MBSFN areas, and the
collection can be restricted to the MBSFN area(s) in which the UE actively receives MBMS service.

Examples of radio layer MBSFN metric can be the following:

e Signal strength related measurements:
o MBSFN RSRP
o MBSFN Reference Signal Received Quality (RSRQ)

e Signal to Noise Ratio (SNR) related measurements:
o MBSFN RS Signal-to-Interference plus Noise Ratio (SINR)
o MBMS supportable MCS (MBMS CQI)

e  Error rate related measurements:
o MBMS error rate

Note that not all of the mentioned measurements need to be defined in order to make the measurement
useful. The Work Item was approved in September 2013 and the following MBMS measurements were
specified in Rel-12:

¢ MBSFN RSRP/RSRQ per MBSFN area, and
e Multicast Channel (MCH) Block Error Rate (BLER) per MCS, per MCH, and per MBSFN area

MBSFN RSRP report mapping is the same as used for CRS RSRP, while MBSFN RSRQ report mapping
is from —7.5dB to —23dB with 0.5dB granularity. The measurement accuracy requirement on any carrier
(same as or different from the serving unicast carrier) where PMCH is received is the same as those
defined for CRS RSRP/RSRQ. MCH BLER is reported together with the number of received MCH
transport blocks for more accurate post-processing.

It was confirmed that UE is required to perform MBSFN measurements (including MBSFN RSRP, MBSFN
RSRQ and MCH BLER) only when the UE is receiving MBMS on at least one MBSFN area configured for
MBSFN MDT and the UE is in the area defined by area Configuration (if configured).

The UE performs measurements for MBMS operation support in RRC_IDLE and in RRC_CONNECTED.
An additional requirement is that a UE making measurements on a non-serving carrier shall not cause
interruptions on any serving carrier in unicast subframes.

For conveying the measurements, logged MDT reporting is used, while immediate MDT for MBSFN was
decided not to be supported in Rel-12. MBSFN measurements for logged MDT are configured via
dedicated signaling by adding targetMBSFN-ArealList into loggedMeasurementConfiguration message of
the existing MDT. Existing UE Information Request/Response procedure is extended to include reporting
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of MBSFN measurement log. If the logged MDT configuration indicates UE to perform MBSFN MDT
logging, the UE shall also log the available unicast measurements.

It was decided not to introduce a separate MDT user consent for Management based MBMS MDT and
reuse the legacy unicast MDT instead for this purpose.

A new UE E-UTRA capability bit is defined for MBSFN MDT and the eNB checks UE capability and user
consent for MDT when configuring MBSFN measurements for logged MDT.

The MBMS measurement specification was completed in December 2014.

23.1.9.3 GROUP CALLS MBMS CONGESTION

It has been decided that the handling of group communications service enablement for public safety
would rely in Rel-12 on MBMS services offered by LTE.

Typically MBMS bearers would be established in advance and would experience low activity most of time
until a public safety incident occurs in a cell (car accident, fire, etc.) in which case dozens of public safety
groups could suddenly need to communicate in that cell concurrently over those MBMS resources.

One issue is that MBMS radio resources are allocated semi-statically in a cell and would typically be set
according to the large low activity period in order to not overprovision them uselessly. But when an
incident occurs, the allocated MBMS resources would experience severe overload.

In the scope of Rel-12, RAN has been working on a mechanism to cope with that overload situation
whereby:

e The eNB notifies the MCE whenever it detects a sudden peak of use of MBMS resources
overcoming the allocated MBMS radio capacity.

e The MCE takes appropriate actions, such as starting suspending low priority MBMS services.
e The eNB notifies the UEs of the suspended services.

e The UEs affected by the suspended MBMS services can move to unicast to continue them if
desired.

Finalization of this work is still pending (RAN2) decision concerning the feasibility of a notification
mechanism that would be quick enough to avoid/reduce interruption of MBMS reception for the impacted
UEs. This Work Item was completed in March 2015.

(3.1.10 LOCAL INTERNET PROTOCOL ACCESS/SELECTED INTERNET
PROTOCOL TRAFFIC OFFLOAD (LIPA/SIPTO) ENHANCEMENTS

The following sections describe Local Internet Protocol Access (LIPA) and Selected Internet Protocol
Traffic Offload (SIPTO) enhancements.
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23.1.10.1 COLLOCATED SIPTO AT LOCAL NETWORK

In a similar way as the Local Internet Protocol Access (LIPA) feature that was introduced in 3GPP Rel-10,
the feature “Collocated SIPTO at local network” in 3GPP Rel-12 enables the offloading of the internet
traffic from the RAN node itself through an embedded P-GW function. This new Rel-12 feature applies in
a very different scope:

e The offloading happens in the private network

e The feature extends to a variety of RAN nodes ranging from eNB to (H)eNB and NodeB+ to HNB
while the LIPA feature was restricted to HNB/(H)eNB

Despite the difference in scope, the feature operates in a similar way as LIPA. In LTE, the RAN node
provides its embedded GW (Gateway) IP address at every idle-active transition over the S1-MME
interface, so that the MME can reuse it for P-GW selection over S5. Conversely, the MME gets the
relevant uplink Tunnel Endpoint IDentification TEID of the SIPTO bearer over S5 interface and sends it to
the RAN node so that the latter one can establish an internal tunnel to flow the data directly between its
radio part and the embedded P-GW part. Given that this feature is “co-localized” and may not be
operated by the adjacent RAN node, the SIPTO bearer must therefore be deactivated as soon as the UE
leaves the coverage corresponding to the cells of the served RAN node. To perform the deactivation, the
radio part of the served RAN node will inform the P-GW part whenever a handover has been completed
so that the P-GW can trigger the PDN deactivation procedure for the relevant EPS SIPTO bearer.

By directly offloading the internet traffic into the private network, this feature allows a significant release of
the core network load, in particular for those UEs which are quite stable under the same eNB/(H)eNB or
NodeB+/HNB such as stationary or nomadic UESs.

23.1.10.2 SIPTO AT LOCAL NETWORK WITH STAND-ALONE GTW

The 3GPP Rel-12 feature “SIPTO at Local Network with Stand-alone GTW” leverages the 3GPP Rel-10
feature “SIPTO above RAN”. As the name indicates and in contrast to the previous “collocated SIPTO at
local network”, the P-GW function enabling the offloading of the internet traffic is located in a standalone
gateway above the RAN node.

However, the two main characteristics of the feature compared to Rel-10 are:
e The P-GW enabling the offloading is located in the private network
e The S-GW is necessarily collocated with the P-GW

These two architectural characteristics also bring some constraints: For example, if the SIPTO bearer is
the first established, the S-GW can be selected together with the P-GW, but if there is already an existing
connection when the SIPTO bearer is established then the S-GW must be relocated at the same time this
bearer is setup. In contrast to the “collocated” case, the use of a stand-alone gateway above the RAN
node makes the feature more flexible because the gateway can serve multiple RAN nodes and therefore
the SIPTO bearer and the offloading function associated with it can be continued as the UE handovers
from one RAN node to one of its neighbors provided that the latter neighbor is also served by the same
gateway. The set of RAN nodes served by a same gateway thus make up what is called a “Local Home
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Network” (LHN). The feature then becomes attractive for UEs which are not necessarily stationary or
nomadic (as in the previous case) because the SIPTO bearer could be continued until the UE goes out of
the LHN where that bearer got started.

To allow this SIPTO mobility scheme to work, the RAN node must signal at every idle-active transition its
pertaining local Home Network ID. The MME keeps this information in memory and at every handover
compares it with the new Local Home Network ID provided by a target eNB in the handover message. If
the MME sees no change of LHN, it maintains the SIPTO bearer; otherwise it triggers the deactivation of
the associated PDN connection. In case of idle mode mobility, the same kind of detection is achieved by
providing the LHN ID over S1 to the MME during the tracking area update procedure. Furthermore, in
order to make the overall process more seamless, the MME can set the flag “reactivation required” in the
“deactivation message” in order to enable quick re-establishment of the SIPTO bearer in the next LHN.

Hence, this feature allows operators to offer a seamless offloading function for UEs moving within an
LHN, while avoiding the ‘single point of failure’ connectivity issue if they decide to deploy multiple stand-
alone gateways to manage a same LHN.

|3.1.11 ENHANCED INTERNATIONAL MOBILE TELECOMMUNICATIONS
|ADVANCED (eIMTA)

In IMT-Advanced, LTE supports two different duplex modes, FDD and TDD. In FDD, uplink signals and
downlink signals are separated in frequency. To protect the receiver from interference from transmission
in the other direction, a guard band is needed. For TDD, the same carrier frequency is used and the
systems instead rely on synchronization between nodes as well as a guard in time where all nodes are
silent.

To better utilize spectrum in a TDD system, a TDD configuration that matches the traffic should be
selected. Most networks see more downlink than uplink traffic and hence utilize a somewhat downlink
heavy configuration. This is typically configured to be the same over the whole network to make sure as
to not introduce strong base station-to-base station interference. This implicitly means that the TDD
configuration seldom matches the instantaneous need of a cell, only a long term average of the network.
To enable better utilization of TDD resources, dynamic adaptation of uplink-downlink ratios is introduced
in LTE Rel-12. The corresponding Rel-12 feature is called Enhanced Interference Management and
Traffic Adaptation (eIMTA).

Studies®™ have shown that significant gains can be seen in uplink and downlink user bitrate by adapting
the TDD configuration to the instantaneous need of the cell. Due to packet-centric traffic, the variations in
load for uplink and downlink may be very fast and hence adaptation on the smallest possible timescale
results in the largest benefits.

If cells independently select subframes to use for uplink or downlink, they will cause interference;
interference is normally not seen in TDD networks due to synchronization and alignment of TDD
configurations. A base station using more downlink subframes will cause interference to the uplink
reception in neighbor base stations, while the UE in that neighbor base station will cause interference to
the downlink receiving UE in the first cell. This is practically troublesome in macro area networks where
base stations have high elevated antennas and high output power. For these base stations, the base

95
TR 36.828, “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation”.
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station-to-base station interference can be significantly stronger that the received signal strength. To
begin with, this is the motivation to have synchronized and coordinated networks.

However, more and more networks are complimented by additional nodes, with significantly lower output
power and antennas are placed below roof-tops or even indoors, to provide coverage and capacity to a
small area. In the networks where the output power and the propagation between base stations and UEs
are similar, little difference is seen between UE-to-base station and base station-to-base station
interference, which makes traffic adaptation possible.
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Figure 3.11. Inter-cell interference types in LTE TDD with dynamic uplink-downlink configuration. Shown is the possible
interference between the UL of a UE into the DL of another UE.

The specification work for traffic adaptation for LTE TDD was finalized during in Rel-12 by 3GPP. To
enable traffic adaptation, a UE is configured with two different TDD configurations from the network. The
UE then follows one configuration for uplink communication and a second configuration for downlink
configuration. The subframes with different directions in the two configurations are dynamically selected
by the network for either uplink or downlink communication. To save UE power and enhance channel
quality measurements in the UE, the base station provides an indication of what subframes will be used
for uplink and downlink respectively using a new physical layer signaling. The indication is communicated
in a broadcast manner.

Figure 3.12. LTE TDD with dynamic uplink-downlink configuration with fixed and flexible subframes. Separate
configurations for DL (green) and UL (red).

To enable the use of traffic adaptation in less isolated cells means that handling base station-to-base
station interference is needed. With interference measurements in the base station and the UE, it is
possible to detect strong interference and adapt scheduling accordingly. Additionally, new uplink power
control has been introduced such that the UE can adapt its output power differently, based on power
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control commands received from the serving eNB, whether or not strong interference is seen. Downlink
power control can also be used to reduce the downlink output power in subframes where strong
interference is caused to neighbor cells. Downlink power control is based on eNB implementation. For
the cases where a cluster of low power nodes are placed close to each other, but isolated from other cells
(e.g., within the same building), coordination is possible to adapt to the traffic within the cluster but
independent from the outside network.

Side benefits seen from traffic adaptation are: reduced network energy consumption and reduced
background interference. In LTE, cell specific reference symbols (CRS) are transmitted in all configured
downlink subframes, independent of whether there is data to be transmitted or not. With traffic adaptation
enabled, a smaller number of subframes will be configured as downlink and hence, a fewer number of
subframes contain always-on signals. This will improve network performance even without selecting
configuration based on instant traffic conditions and will also make the feature interesting for a macro
deployed TDD system.

|3.1.12 FREQUENCY DIVISION DUPLEX-TIME DIVISION DUPLEX (FDD-
|TDD) CARRIER AGGREGATION

Within Rel-12, 3GPP has specified support for allowing UEs to operate TDD and FDD spectrum jointly.
The main solution to be specified is CA between a number of TDD and FDD carriers. CA between the
FDD and TDD spectrum would allow user throughputs to be boosted (at least for DL CA) and it would
allow a better way to divide the load in the network between TDD and FDD spectrum. In addition to CA
support, the operation of dual connectivity between TDD and FDD is further specified. Dual connectivity96
provides a tool to connect UEs to cells that are operating either TDD or FDD while the cells are
connected with a backhaul of higher delay than that required for CA. For example, the reason for
operating in such a mode can be to enhance user throughputs, lower core network signaling or enhance
the mobility performance.

The dual connectivity work for TDD and FDD follows the same framework as dual connectivity in general
and is therefore not described further in this section; this section instead focuses on CA operation
between TDD and FDD spectrum.

There are several examples of different operator scenarios when it can be beneficial to operate CA
between FDD and TDD spectrum. Here are two different examples. In the first example, an operator has
already deployed FDD spectrum and owns additional TDD spectrum at a higher frequency which can be
used to boost the network capacity in certain traffic hotspots. In the second example, the operator has
already deployed LTE in TDD spectrum and is refarming FDD spectrum (e.g., GSM or CDMA2000). This
is used to boost the overall network capacity; CA can, in such a deployment, allow increased user
throughputs.

In 3GPP, the work to specify the support for CA between TDD and FDD is based on supporting the
different CA scenarios outlined in TS 36.300°". The main two deployment cases for CA are the co-located
scenario (scenario 1-3) and a non-co-located scenario (scenario 4). These scenarios are illustrated in
Figure 3.13.

TR36 842, “Study on Small cell enhancements for E-UTRA and E-UTRAN — Higher layer aspects”
T836 300, “Overall description (Stage 2)”
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Figure 3.13. Collocated (left) and non-collocated (right) CA deployments.®®

Following the general framework for CA, it is assumed that the FDD and TDD networks are synchronized
with each other. This would allow reusing the general concepts and designs from Rel-10 and Rel-11 CA.
It is further foreseen that a multitude of different UE capabilities needs to be supported depending on the
target market and on which exact spectrum combinations are aggregated. The most common type of
UEs would be a UE that supports DL CA with the addition that it may also support UL CA.

Most of the CA framework can be extended to support CA between TDD and FDD. The major changes
that are introduced are within the physical layer and requirement work which allow mainly for UEs to
function in an appropriate manner while receiving/transmitting in both TDD and FDD spectrum
simultaneously. In the end, CA between TDD and FDD is a further step in the communality between the
two flavors of LTE.

On the physical layer, the updated need to support TDD and FDD is mainly related to new HARQ timings
and scheduling timings. The exact solution follows the framework of CA for TDD carriers with different
UL/DL configurations. On the requirement side, TDD-FDD CA band combinations can be introduced in a
release independent manner from Rel-12 and the current CA framework allows for 2 or 3 DL carriers and
a single UL catrrier. It is foreseen that this framework will be extended in the future.

3.2 HSPA+ ENHANCEMENTS

As mentioned, Rel-12 further defines multiple areas for the enhancement of HSPA+. This section reviews
the features for which standards work has been finalized for HSPA+, as well as several open areas that
are currently being developed. Areas detailed in this section include UMTS Heterogeneous Networks,
scalable UMTS FDD bandwidth, EUL enhancements, emergency warning for UTRAN, HNB mobility, HNB
positioning for UTRA, MTC and DCH enhancements.

[3.2.1 UNIVERSAL MOBILE TELECOMMUNICATION SYSTEM (UMTS)
HETEROGENEOUS NETWORKS

The rapid growth of 3G mobile devices and the exponential increase in data traffic requires a
corresponding increase of cellular capacity. To meet these requirements, the deployment of small cells
(micro, pico) is known to be a powerful tool to expand the network capacity in an efficient way. Such
heterogeneous network deployments not only help improve overall traffic/data capacity, but can also
mitigate poor macro coverage issues.

To optimize performance in 3G small cells deployments, 3GPP has studied and standardized
enhancements for Heterogeneous Networks (HetNet) in UMTS, with a focus on capacity improvements.

% 3GPP TS 36.300, V12.5.0, March 2015.
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Figure 3.14. General HetNet Architecture, with Macro, Micro and Pico cells.99

Terminology-wise, small cells are often referred to in standards as Low Power Nodes (LPN). A general
HetNet architecture is shown in Figure 3.14. The figures below show the main HetNet scenarios
addressed in Rel-12.

HetNet Deployment Scenarios

Figure 3.15 illustrates the co-channel deployment scenario; Figure 3.16 illustrates the dedicated
frequency deployment scenario; and Figure 3.17 illustrates the multi-carrier scenario.

((( ))

Figure 3.15. HetNet Co-channel deployment scenario. LPNs are deployed within the Macro cell coverage and use the same
frequency f1.

9%
RP-121436, SID on HSPA HetNet.
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Figure 3.16. HetNet Dedicated frequency deployment scenario. Macro uses frequency f1 and LPN uses frequency f2.

Figure 3.17. HetNet Multi-carrier deployment scenario. Both Macro and LPN use two frequencies, f1 and 2.

3211 HETNET ENHANCEMENTS

Different issues and solutions were investigated as part of the HetNet study, as summarized in the
following content.

Uplink and Downlink Interference and Link Imbalance for HetNet Co-Channel Deployments

In heterogeneous networks, the difference in transmit power between the macro node and the LPN
causes different coverage areas for the uplink (UL) and the downlink (DL). This is generally referred to as
UL-DL imbalance. The UL boundary (equal path loss) and the DL boundary (equal downlink received
power) between macro and LPN cells are different, and the region between such boundaries is referred to
as the imbalance region or imbalance zone. Such aspects are illustrated in the Figure 3.18.
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Figure 3.18. Heterogeneous network deployment and general UL-DL imbalance.

Power
CPICH,

Different performance issues and mitigation techniques were studied, aiming at optimizing specific HetNet
interference and imbalance situations which can be categorized in two main areas:

¢ Small cell coverage issues and potential solutions
e Uplink and downlink interference between macro and small cell
Mobility Enhancements in HetNet

The study on HetNet has covered potential optimizations to improve mobility performance in the presence
of macro and small cells. In particular, the following four areas have been investigated:

¢ Improvements to UE discovery and identification of small cells
e Mobility performance for UEs at different speeds
e Mobility issues in dense small cell deployment
e Mobility enhancements in HetNet multi-flow scenarios
Two Work Items were generated from the Study Item:
1. A Work Item on HetNet Mobility with the following objectives:
e Consider solutions to improve mobility for UEs with high speed

e Consider solutions to support mobility for dense small cell deployments focusing on extended
NCL list

e Consider further mobility enhancements (e.g., intra-frequency event triggered reporting on the
secondary carrier)

2. A Work Item on other HetNet enhancements, covering one main solution area:
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e Co-channel interference and inbalance management

23.2.1.2 HETNET STANDARDIZED SOLUTIONS

As an outcome of the two Rel-12 Work Items (on HetNet Interference and Mobility enhancements), the
following features have been standardized.

Interference/lmbalance Mitigation

Serving E-DCH cell decoupling aims to improve the reception quality of the uplink E-DCH control
channels and the E-DCH Sl in the presence of strong uplink/downlink imbalance; the main enhancement
consists of allowing the UE to be configured with different serving HS-DSCH cells and serving E-DCH
cells.

Radio links without DPCH/F-DPCH: by means of such feature, the UE can be configured with a subset of
non-serving E-DCH radio links (in the UE’s E-DCH active set) operating in the absence of DPCH/F-
DPCH.

The UE is allowed to only receive either or both Enhanced DCH Hybrid ARQ Indicator Channel (E-HICH)
and Enhanced Relative Grant Channel (E-RGCH) from these non-serving E-DCH cells in order to mitigate
uplink interference (to a cell unable to effectively power control the UE in the presence of severe
uplink/downlink imbalance).

DPCCH2 transmission: for improving the reception quality of the HS-DPCCH in the presence of strong
uplink/imbalance, a new secondary uplink pilot channel (DPCCH2) is introduced as the reference for the
HS-DPCCH channel power (in the serving HS-DSCH cell).

Mobility Enhancements

Neighbor Cell List (NCL) extension: the size of the inter-frequency neighbor cell list is extended for both
Idle and RRC connected states, so that network could configure to monitor and detect UEs in dense small
cell deployments with more than 32 inter-frequency neighbor cells.

Change of best cell on a configured secondary downlink frequency: a new RRC inter-frequency
measurement event (Event 2G) is introduced, to trigger/report a change of best cell on a configured
secondary downlink frequency. Such event can be configured on more than one secondary downlink
frequency.

Enhanced Serving Cell Change for Event 1C: such enhancement extends the enhanced Serving Cell
Change procedure (previously defined only for event 1D) also to the Event 1C. The optimization facilitates
a faster replacement of the serving cell, in certain HetNet RF conditions.

73.2.2 SYSTEM INFORMATION BLOCK (SIB) ENHANCEMENTS

SIB enhancements have been standardized in Rel-12, to optimize BCH/SIB capacity and operation, as
described in the following paragraphs.
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23.2.2.1 SECOND SYSTEM INFORMATION BROADCAST CHANNEL

In order to increase system information capacity (see TR 25.704) a second system information broadcast
channel on Secondary Common Control Physical CHannel (SCCPCH) can be configured, in addition to
the system information broadcast channel on Primary Common Control Physical CHannel PCCPCH. The
second system information broadcast channel is mapped to a separate SCCPCH, which is different from
the SCCPCH used for paging and FACH/Common Traffic CHannel (CTCH).

Rel-12 and later SIBs are introduced on both the system information broadcast channel as well as the
second system information broadcast channel. Pre-Rel-12 SIBs may be broadcasted on both system
information broadcast channels. Any SIB type may be scheduled simultaneously on system information
broadcast channel and second system information broadcast channel, provided that the content is the
same.

Most of the existing principles and procedures for system information reading are retained for the second
system information broadcast channel. To reduce the latency to acquire the system information on both
system information broadcast channel and second system information broadcast channel, the UE
acquires the system information on both channels simultaneously.

The scheduling information for the system information on the second system information broadcast
channel is carried in a new scheduling block 3 (SB3). This scheduling information uses the SFN of the
PCCPCH. The SB3 is broadcasted with a pre-defined offset (40 ms) from the MIB. The MIB on BCH
mapped on PCCPCH contains the channelization code of the second system information broadcast
channel, the repetition interval of SB3 and the number of segments of SB3. The remaining configuration
parameters of the second system information broadcast channel are pre-defined.

When the SB3 value tag in PAGING TYPE 1 or System Information Change Indication (SICI) message is
updated, the UE supporting second system information broadcast channel is required to reacquire the
system information on the second system information broadcast channel.

23.2.2.2 SCHEDULING INFORMATION OVERHEAD REDUCTION

To reduce the overhead of SIB scheduling information, included in MIB and Scheduling Blocks, the
network may use mandatory default values for SIB_OFF and SEG_COUNT (when SIB_POS offset
information is included) for SIBs of Rel-12 or later.

23.2.2.3 MIB AND CELL VALUE TAG RANGE EXTENSION

To reduce the risk of Cell Value Tag wrap around, the network may broadcast a range extension (1..16)
of the Cell Value Tag for SIB3, SIB5, SIB5bis, SIB21 and SIB22. The network may also extend the MIB
value tag range (1..16). For UEs supporting these extensions the SIBs and MIB wrap around at 16, while
for UEs not supporting this feature the SIBs wraps around at 4 (and MIB at 8). SIBs of REL-12 or later
use the extended Cell Value Tag range (1..16).
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3.2.3 FURTHER ENHANCED UPLINK (EUL) ENHANCEMENTS

Between 2012 and 2013, a considerable increase in the number of users, as well as in the offered traffic
per user, has been experienced in HSPA networks, both in the downlink and in the uplink. For example,
one report measures total data traffic doubling in mobile networks year-on-year.

During this time, several features improving the performance of HSPA have been standardized in 3GPP,
both for uplink and downlink. In Rel-11, there were a number of uplink improvements introduced
including:

e The Enhanced Uplink (EUL) in CELL_FACH feature, first introduced in Rel-8, was further
improved

e Uplink transmit diversity improved general performance and especially cell edge coverage

¢ 64 QAM and MIMO increased the uplink peak rate on EUL 2ms TTI to 34 Mbps per 5 MHz carrier

In early discussions on the Rel-12 study item, a number of companies agreed that there should be focus
on both new enhancements that improve the performance of EUL, and to further enable those capabilities
already available in the standard to be able reach more users in real networks.

In December 2012, a study item on further EUL enhancements was started, with the objective of
identifying potential technical solutions for increasing the uplink capacity, coverage and end user
performance (e.g., latency, achievable rates, etc.). The improvements were targeted towards the
following scenarios:

¢ Improvements to uplink user plane cell capacity with high number of users (high priority)

e Improvements to uplink coverage and latency (lower priority)

This Study Item was completed in December 2013. The Work Item for Further EUL enhancements was
started in December 2013 and the following was standardized as part of Rel-12.

As an enhancement for DC-HSUPA, it was agreed that the Discontinuous Transmission DTX cycle 1,
DTX cycle 2 and the inactivity threshold for cycle2 can be configured differently for the secondary and
primary uplink carriers (2 ms TTI: up to 1280 subframes, that is 2.56 sec, which will allow to reduce the
uplink interference created by the DPCCH burst of inactive UEs). The downlink DRX was also enhanced,
agreements related to single-carrier HSDPA (introduction of 2nd DRX inactivity threshold and 2nd DRX
cycle which extends up to 80 subframes) and multi-carrier HSDPA (i.e., no DC-HSUPA) were reached.
The receiver chain monitoring the secondary carrier is deactivated once the 2nd inactivity threshold is
reached, and reactivated on a needed basis by making use of High Speed-Shared Control CHannel HS-
SCCH orders.

In order to improve the power control after a DTX gap, an averaging filter that retrieves information from
the primary carrier was introduced in Rel-12. Power measurement samples affected by fading can be
averaged on the primary carrier in order to get a mean reference level from which less drastic power
adjustments would be required every time a transmission is re-established on the secondary carrier.
However, due to the different kind of traffic expected to be served on the primary carrier, an offset is
required in order to compensate for the difference in terms of RoT. Moreover, a gap length threshold
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which is supposed to be compared against the UE DTX cycle configured on the secondary carrier has
also been embedded to the algorithm, which brings the possibility of switching in between the Rel-7
legacy solution and the averaging filter. The above aiming at preserving the advantages that Rel-7 can
offer when the channel is considered to be correlated

The post-verification period of the synchronization procedure A was enhanced for dealing with bursty
traffic, the above since the criteria for reporting in-sync will always fail whenever the number of TTIs of the
initial transmission is shorter than the minimum amount of time (i.e., 40ms) used by phase | of the
downlink synchronization status evaluation for reporting in-sync. So, it was agreed that upon successfully
receiving an HS-SCCH order to activate the secondary uplink frequency, in-sync shall be reported, and
the UE shall start transmission on the secondary uplink frequency immediately according to the DTX
settings, if configured. The synchronization status evaluation will be performed immediately according to
the second phase of the downlink synchronization status evaluation. This preserves the benefits brought
by the post-verification period and at the same time, avoids a potential failure that may occur because of
the burstiness of the data traffic.

The TDM operation was enhanced by a scheduling algorithm named “Grant Detection”. In short, when the
Grant Detection algorithm is in place, the UE transmits if and only if the CRC of the grant message sent
through the E-AGCH is successfully decoded (i.e., the CRC checks with its E-RNTI), otherwise it will stop
the transmission right away. For a proper HARQ handling, it was agreed that the network will be the one
granting the retransmissions, and that the retransmissions will follow the same synchronous HARQ
retransmission process, that is, if the UE is not granted it will keep the data in the buffer (increasing the
RSN every time is not granted) and will wait until the next corresponding HARQ process. A multi-user
scheduling solution was also introduced, which has to do with using always “all HARQ processes” for
performing a TDM operation. This way the absolute grant scope bit will be used for switching in between
the Rel-12 grant detection rules and the legacy rules. Moreover, since it was identified as a compatibility
problem of the grant detection scheme with the DL DRX functionality, it was agreed that when the UE
runs out of data, it should implicitly release the grant for interference avoidance.

In order to split the traffic between the primary and secondary uplink frequency according to the UEs
Buffer Occupancy (BO), it will be compared against a configurable threshold signaled by higher layers.
The above optimization is intended to provide an even cleaner secondary uplink frequency intended to
serve high bit rates only.

In a broad sense, when the above set of enhanced features are properly configured, the secondary uplink
frequency can be used for serving UEs who have the need of transmitting at medium to very high data
rates (i.e., users having medium to large amount of data awaiting in their buffers). While the primary
carrier will be the one serving the legacy traffic in a conventional way, the most demanding users would
be served through a TDM scheduling operation (improved granting) on the secondary frequency which at
the same time offers an always-on experience for the inactive packet data UEs without having to
compromise the interference headroom in the cell (DTX/DRX enhancements and improved power
control).

Another optimization area considers UL HS-DPCCH overhead reduction. One standardized enhancement
allows the RNC to configure the UE to scale down the HS-DPCCH power or use a (second) longer CQI
reporting period (started after a configured number of HS-SCCH TTlIs of no transmission). The normal
CQlI reporting period is resumed after HS-SCCH transmission is detected by the UE.

4G Americas | Mobile Broadband Evolution Towards 5G: 3GPP Rel-12 & Rel-13 and Beyond | June 2015 67



In order to improve UL coverage extension, a more efficient and faster TTI switching (e.g., from 2 to 10
ms at cell edge) was introduced, which includes the incorporation of a new filtering for UPH measurement
reporting (can be used also for other scopes) and a new HS-SCCH order used for informing the UE to
perform a TTI switching. Regarding the activation time, an agreement was made which says that once the
activation time indicated by higher layers has expired, the change to the new TTI length configuration
shall not take more than 20 ms.

One more enhancement targets access control in connected mode (CELL_FACH and CELL_PCH), and
is referred to as Access Groups-based access control. In summary, this feature allows the network, e.g.,
in case of Uplink congestion, to differentiate and control accesses of specific classes/groups of UEs (for
DTCH transmission in CELL_FACH state and CELL_PCH with seamless transition to CELL_FACH), the
network can configure UEs in one of 16 defined Access Groups, via RRC dedicated signaling. The
System Information will indicate which groups are Blocked or Unblocked for DTCH data transmission (SIB
update is based on the expiration of a timer). A UE which is blocked for DTCH transmission in the Uplink
is permitted to transmit Uplink RLC CONTROL PDUs.

Lastly, one further access control optimization has been introduced to extend DSAC and PPAC updates
to UEs in CELL_DCH. In particular, the network can now update to the UE some DSAC and PPAC
parameter changes through dedicated signaling (previously possible only via broadcast signaling).

3.2.4 FURTHER ENHANCEMENTS FOR HOME NodeB (HNB) MOBILITY

The further enhancements for HNB introduce CELL_FACH (and CELL_PCH and URA_PCH) support.
Because of the autonomous setup of HNBs, they allocate their User Radio Network Temporary Identifiers
(URNTIs) independently, and so in CELL_FACH it is difficult to use the URNTI to determine the source
cell of the mobility procedure. Introducing a method of managing the URNTIs, whereby the HNB-GW
allocates blocks of U-RNTIs by specifying a U-RNTI prefix to each HNB under its control, allows these
modes to be supported for Rel-12 HNBs.

At HNB registration, the HNB-GW assigns a U-RNTI range to the HNB based on avoiding overlap in
neighboring HNBs and also the capacity of the HNB. During CELL_FACH mobility the target HNB can
request information on the U-RNTI from the HNB-GW and establish lurh interface to the source as shown
in Figure 3.19.
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Figure 3.19. CELL_FACH mobility; the target HNB can request information on the U-RNTI from the HNB-GW and establish
lurh interface.

Similar operation occurs when handling HNB to macro RNC and macro RNC to HNB CELL_FACH
mobility.

A further aspect is that the UE does not support autonomous search in CELL_FACH, so unless the HNB
was in the neighbor list, cell reselection would not occur. Thus, some new UE behavior was defined to
support autonomous search in CELL_FACH for reselection to non-serving frequencies and inter-RAT
frequencies, this only needs to be performed when second DRX is used. This completed the agreed
mobility support modes for the HNB and further enhancements for mobility are not envisioned.

In addition, RAN sharing was introduced for HNBs and (H)eNBs. A similar solution was used for both
UMTS and LTE. If the target cell is a shared CSG/hybrid cell, then the measurement report also includes
the subset of the broadcast PLMN identities that pass access check and for which the CSG whitelist of
the UE includes an entry comprising the cell's CSG ID and the respective PLMN identity. The eNB/RNC
verifies access check for the PLMNs indicated by the UE, and selects one, if multiple PLMNs pass the
access check. Finally, the MME/SGSN verifies the CSG membership check for the PLMN selected by the
source eNB/RNC. Changes for RRC UMTS include: adding a new PLMN list to measured results; and for
LTE RRC, making suitable the use of PLMN list and the indicator for primary PLMN. These changes are
effective for Rel-12 UEs.

This Work Item on HNB mobility enhancements has been completed in Rel-12.
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|3.2.5 HOME NodeB (HNB) POSITIONING FOR UNIVERSAL TERRESTRIAL
|RADIO ACCESS (UTRA)

While HNBs generally have a small cell radius and therefore positioning based on cell-ID may be
adequate, in circumstances of dense urban or rural deployments enhanced positioning of the UEs may be
necessary using a Standalone Serving Mobile Location Center (SAS). To support this, the Packet
Capture (PCAP) protocol can be used, as it is for macro network, however this is not supported across
the HNB-HNB-GW interface luh, as it requires Signaling Connection Control Part (SCCP) and this is not
included in the protocol stack. Introducing a User Adaption Layer to the luh stack will allow PCAP to be
used and hence enable enhanced positioning to be used for HNBs, enabling the same UE positioning
facilities as are available in the macro network.

In order to transport the PCAP protocol over the luh interface, the PCAP User Adaptation PUA protocol
was introduced. PUA aims to carry the RNL signaling exchanged with a SAS over the luh interface in a
similar way as RANAP User Adaptation RUA had been introduced to carry the RNL signaling exchanged
with the MSC/SGSN nodes in earlier releases. PUA runs between the HNB and the HNB GW and the
HNB GW contains an interworking function so that it is seen as an RNC by the SAS. This interworking
function consists mainly of three main functions:

e Extracting and inserting transaction ID information as necessary on the luh connection and on
the lupc connection of the SASHNB signaling connectivity

e Performing appropriate mapping of connection oriented signaling between PUA level and SCCP
level

o Performing routing of PCAP messages based on available address information

In general, lupc connectivity between the HNB GW and SAS will be established by configuration, while
the luh connectivity between the HNB and the HNB GW is performed by HNB registration procedure.

[3.2.6 MACHINE TYPE COMMUNICATION (MTC)

Within Rel-12, MTC enhancements for UMTS (and LTE) are under work and/or study at the system and
RAN level. The RAN Study focused on UE Power Consumptions Optimizations (MTCe-UEPCOP) and
Small Data and Device Triggering Enhancements (MTCe-SDDTE),'® targeting both UMTS and LTE*™
(see Section 4.1.4).

In particular, enhancements have been studied in the context of MTC traffic involving small data transfers
(with inter-arrival time from several seconds to many hours), and focusing on the following solutions:

e UEPCOP: Power saving (or dormant) state and extended DRX cycle (Idle and connected)

e SDDTE: Data over NAS signaling for infrequent small data transmission over control plane, and
assistance information (e.g., UE mobility behavior and traffic type/pattern provided to RAN) for
frequent small data transmission

100
SP-120442; SP-120450: SA2 wids on UEPCOP and SDDTE.
101
RP-130396, “RAN SID on Machine-Type Communications (MTC) and other Mobile Data Applications Enhancements”.
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The RAN study outcome is captured in the TR 37.869'%; though some part of the analysis has been
focusing on LTE aspects, most conclusions are expected to apply similarly to UTMS as well.

The RAN Study Item has been closed at RAN#61 in September 2013, and a Work Item started in
December 2013.

In September 2014, the Work Item has been completed, with the standardization of a new UE Power
Saving Mode (mostly a NAS feature). Specification wise, few changes have been made to Access
Stratum specs (TS 25.304) aligning the Idle mode procedure description with the new Non-Access
Stratum functionality.

3.2.7 DEDICATED CHANNEL (DCH) ENHANCEMENTS

There are two main types of transport channels to carry traffic over the UTRAN radio interface for UMTS
and HSPA: DCH, used for transporting CS (and R’99 PS) traffic and the shared HSPA channels, used to
carry high speed data (radio signaling can use both options). The Rel-12 work on “DCH enhancements
for UMTS” refers to a series of optimizations to enhance the link efficiency of DCH traffic (e.g. for CS
AMR voice).

A Study Item was concluded on DCH enhancements,'® showing that optimizing DCH efficiency will
provide benefits not only to CS traffic capacity, but also PS/data capacity. In fact, a few of the
optimizations were shown to provide data throughput gains in scenarios involving a mix of voice and data
transfer, when CS voice is carried over DCH. Furthermore, certain enhancements improve the UE
battery life (or talk time) as well.

Based on the outcome of the study, and the subsequent work item'®, DCH enhancements have been

specified in Rel-12. A short description is provided in the following paragraphs.

3.2.7.1 FEATURES AND ENHANCEMENTS
DCH enhancements include a few main sub-features:
e DL Frame Early Termination (DL FET) and Uplink DPCCH with DL FET ACK
e DL overhead optimization
¢ Enhanced rate matching and transport channel multiplexing
e Uplink DPDCH dynamic 10ms transmission

Overall, two modes of operation are defined: Basic and Full. The difference resides in the operation of the
DL Frame Early Termination (and Uplink DL FET ACK), as described below. All other sub-features are
active in both modes. DCH enhancements are only applicable for DCH 20 ms TTI on downlink.

102
TR 37.869, “Study on Enhancements to Machine-Type Communications (MTC) and other Mobile Data Applications; Radio
Access Network (RAN) aspects”.

" RP-130216, “SID on UMTS DCH Enhancements”.

4G Americas | Mobile Broadband Evolution Towards 5G: 3GPP Rel-12 & Rel-13 and Beyond | June 2015 71



DL Frame Early Termination (DL FET) and UL DPCCH with DL FET ACK

It is known that voice packets, having a long (20ms) transmission time interval (TTI), can often be early-
decoded, i.e., decoded prior to reception of all the data symbols in a TTI (e.g., by running the channel
decoder at multiple time instants during the TTI, instead of only once at the end of the TTI). This is
referred to as Frame Early Termination (FET).

A new UL DPCCH design is introduced to support DL FET. In particular, sending the TFCI information
earlier (in each 20ms TTI) frees up few UL DPCCH bits for sending a DL FET ACK or NACK information.

The two modes of operation (basic and full, mentioned above), refer to the way DL FET and UL DPCCH
with DL FET ACK operate. In the Full mode of operation, the UE acknowledges successful early decoding
of a DL packet via a DL FET ACK on the newly designed UL DPCCH channel, which then allows the
NodeB to stop transmission of the packet. AMR Class A, B, C transport channels are concatenated on
the DL which further helps in early decoding of DL DPDCH.

In the Basic mode of operation, instead, the UE does not indicate successful decoding of the DL packet
via the DL FET ACK or NACK field in UL DPCCH. In this case, DL FET is achieved by applying an early
DL BLER target evaluation (i.e., at 10ms, after which the NodeB may decide to stop transmission). AMR
Class A, B, C transport channels are not concatenated on the downlink.

DL Overhead Optimization

This sub-feature introduces a new DL DPCH slot format by removing the dedicated pilot bits from DL
DPCCH and reusing them for DL DPDCH instead (the TPC bits are used for estimating the DL SIR).
Correspondingly, the number of data symbols in a slot is increased, leading to less control channel
overhead on the downlink.

Enhanced Rate Matching and Transport Channel Multiplexing

The enhanced rate matching and transport channel multiplexing sub-feature allows a more efficient rate
matching for DCCH, in particular defines a “zero” rate matching attribute for DCCH, usable whenever
DCCH channel does not carry a transport block together with DTCH channel (DCCH data activity is
expected to be less frequent than DTCH). The DCCH bit fields are used to transmit DTCH transport
channels instead. This potentially improves link efficiency due to less puncturing and better rate matching
of the transport block with the available physical channel resources.

Uplink DPDCH Dynamic 10ms Transmission

The R99 DCH transport channel for voice is typically configured with 20ms TTI. However, voice packets
could potentially be transmitted over a shorter duration. The uplink DPDCH dynamic 10ms transmission
allows for dynamically selecting a shorter transmission time, i.e., 10ms, at the physical layer to transmit a
voice packet on the uplink (e.g., based on UE available power headroom). This improves link efficiency
due to reduction in UL DPCCH overhead. The UE also discontinues the transmission of UL DPCCH for
the remaining duration of the TTI, thus saving UE battery.
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3.3 NETWORK AND SERVICES RELATED ENHANCEMENTS

Work in Rel-12 also included features for network and services enhancements for MTC, public safety and
Wi-Fi integration, system capacity and stability, WebRTC, further network energy savings, multimedia and
PCC framework. These are described in this section.

3.3.1 MACHINE TYPE COMMUNICATION (MTC)

A third release of improvements was developed for MTC devices and mobile data applications running in
smart phones. This work was covered by the Rel-12 feature “Machine-Type and other mobile data
applications Communications Enhancements (MTCe)”. Two main building blocks or features were
considered as part of Rel-12 and documented. They were prioritized and some features such as MTC
Groups and MTC Monitoring were dropped due to time limitations and parallel work. The two building
blocks in Rel-12 are:

e Device triggering enhancements and Small Data Transmission (infrequent and frequent)
(SDDTE)

o UE power consumption optimizations (UEPCOP)
Device Triggering Enhancements

Device triggering enhancements in Rel-12 are intended to address items that could not be completed in
Rel-11. Some enhancements such as securing device trigger, therefore preventing fake SMS from
reaching devices and increasing signaling, were considered. These include overload control, recall and
replace functionality for device triggering. The need for generic format-based triggering, using a control
plane interface (T5a/b) between MTC-IWF and serving nodes (SGSN/MME), is also being studied and
evaluated. The generic format can easily be extended, if additional functionalities or information are
needed in future releases, and it can also be supported without the need for MSISDN to address the
trigger recipient. This solution will fit an operator’s need to move from SMS-focus to purely IP-data focus
deployments, and also help move towards a full IP-based Packet Core. It is assumed that device
triggering will become available when “T5 based small data service” (described in section below) is
specified. The only additional requirement for device triggering might be defining an explicit criterion that
makes a “T5 small data delivery” in downlink to the device a specific trigger request. At the end of the
study, 3GPP decided not to standardize T5 based device triggering enhancements in Rel-12. It was
agreed to introduce device triggering “recall and replace” functionality. TS 23.682 specify the above
enhancement.

Small Data Transmission for MTC Devices

This feature is intended for use with MTC devices that need to transmit and receive only a small amount
of data (i.e., data which can be classified as infrequent small data). Devices are currently known to
transmit small data either using SMS or using plain user plane. The rationale for this feature is to study
alternative solutions that can be deployed in a PS-only network, such as optimizing the use of network
resources, and sending small data in an efficient way. Several solutions were originally documented in
the TR for consideration. At the end of the study, 3GPP decided not to standardize any solution for small
data transmission for MTC devices in Rel-12.
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Small Data Transmission for Smart Phones

Due to the proliferation of smart phones, operators are increasingly faced with different challenges posed
by diverse applications running in such devices. Many wireless data applications (for example social
networking applications such as Facebook, Twitter, and Skype) are characterized by transmission of
small data packets (in terms of packet size) in the UL and DL. Small data transmission may cause the
UE to transition frequently between idle and connected state, if the UE is sent to idle mode soon after the
transmission of small data is complete. If the UE is kept in connected mode for an extended duration, this
has impact on UE power consumption and more extensive control plane signaling is required for
handovers.

In short, such frequent transmissions can have the following adverse effects on the network and the UE:
¢ Increased control plane signaling in RAN (Radio Access Network) and CN (Core Network)
e Increased UE battery consumption

Work in 3GPP is mainly aimed at identifying mechanisms that help with signaling reduction and at the
same time ensuring battery consumption is not negatively impacted. One solution considered in 3GPP is
to keep the UE in RRC connected mode for a long(er) time to reduce state transition and to assign long
DRX cycle for connected mode to ensure battery consumption is not negatively impacted. 3GPP agreed
to specify core network assistance for parameter tuning in the eNB. TS 23.401 is updated with this
feature that MME sends eNB statistic information about UE’s activity and mobility behaviors to assist eNB
optimize RRC control.

Low Power Consumption

Power consumption is important for UEs using a battery and also for UEs using an external power supply.
Its importance increases with the continued need for energy savings and can be illustrated by the
following scenarios:

e For M2M use cases like sensors that run on battery, it is a major cost issue for a large amount of
devices to change (or charge) the batteries on site, and the battery lifetime may even determine
the device’s lifetime, if it is not foreseen to charge or replace the battery

e A considerable number of applications (for example, mobile data applications or MTC
applications) show communication patterns for which the 3GPP system could be optimized to
provide services with the need for less optimized UE power consumption. For example, for
mobile data applications, the need for frequent communication with the network causes battery
drain.

The major concern is that, if dramatic reduction of battery consumption cannot be achieved when using
3GPP access, M2M devices like smart meters may continue to use other access technologies. Following
are the solution options that are considered in 3GPP to achieve power savings:

e Introducing Extended DRX cycle in Idle mode

e Introducing Power saving mode for devices
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Introducing long DRX cycles in connected mode

Keeping UE(s) in detached state when not communicating

3GPP agreed to introduce power saving mode (PSM) for devices. Specification TS 23.401 and 23.060
are updated for PSM. Other solution options were not agreed for Rel-12 due to time constraints.

TR 23.887 documented the Rel-12 MTC study results as described above.

3.3.2 PUBLIC SAFETY

In February 2012, the U.S. Congress enacted Public Law 112-96 “The Middle Class Tax Relief and Job
Creation Act of 2012"'% to create a nationwide interoperable public safety broadband network. The Act
includes the following:

The public safety broadband network will be based a single national architecture based upon the
LTE technology

The governing framework for the deployment and operation of this high-speed network dedicated
to public safety is the new "First Responder Network Authority" (FirstNet), an independent
authority within National Telecommunications and Information Administration (NTIA)

FirstNet will hold the spectrum license for the network, and is charged with taking “all actions
necessary” to build, deploy, and operate the network, in consultation with Federal, State, tribal
and local public safety entities, and other key stakeholders

The Act allocates the 700 MHz D Block Band 14 (758-763 MHz and 788-793 MHz) to FirstNet for
the construction of a single wireless nationwide public safety broadband network

Non-public safety entities will be allowed to lease the spectrum on a secondary basis

The FirstNet National Public Safety Broadband Network (NPSBN) must be a “Public Safety Grade”
network. Efforts are underway in the National Public Safety Telecommunications Council (NPSTC) to
develop a document to define “Public Safety Grade” with a target delivery date to FirstNet in early 2014.
The general principles of “Public Safety Grade” are provided in Table 3.2 from a June 2013 presentation
of the Acting CTO and FirstNet Board Member, Craig Farrill.*®

105
106 Public Law 112-96, Middle Class Tax Relief and Job Creation Act of 2012. February 22, 2012.

Keynote presentation titled “Getting Ready to Create FirstNet” at PSCR Conference, Westminster, Colorado given by Craig
Farrill, Acting CTO and FirstNet Board Member. June 5, 2013,
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Table 3.2. Defining Public Safety Grade.

FirstNet Attribute Defining Public Safety Grade

“Where public safety needs it”

Coverage
& (Geographic)
Reliability “You can bet your life on it”
Resiliency “Multiple back-up options”
Emergenc
g. y “Your trusted resource”
Communications
Grou
. P . ‘“Essential to teamwork”
Communications

The following example services will be implemented in subsequent deployment phases'®’ 1%

¢ Direct Mode off-network communications

e Mission Critical Voice

e Push-to-Talk (PTT) over LTE

e Video: 1 to many

e Messaging

e Images

o Group text

¢ Non-mission critical voice (e.g., voice over LTE)
There is interest beyond the United States in the 3GPP activities to support Public Safety
communications. The TETRA and Critical Communications Association (TCCA) and ETSI Technical

Committee TETRA are also backing LTE for the next generation broadband public safety networks. For
example, the United Kingdom Home Office is currently evaluating replacements to their existing TETRA-

107
National Public Safety Telecommunications Council (NPSTC), Public Safety Broadband High-Level Launch Requirements
%gatement of Requirements for FirstNet Consideration. December 7, 2012.

National Public Safety Telecommunications Council (NPSTC, Public Safety Broadband Push-to-Talk over Long Term Evolution
Requirements. July 18, 2013.
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based network and is considering an LTE-based network as an alternative. The South Korea Ministry of
Science, ICT, and Future Planning (MSIP) recently announced to 3GPP (see SP-140448) that the Korean
government has decided to adopt LTE technology for the nationwide broadband public safety network by
2017.

The two main areas of 3GPP LTE enhancements for public safety are Proximity Services (ProSe) and
Group Call System Enablers for LTE (GCSE_LTE). Both of these areas of enhancement are described in
the following sections.

Proximity-based Services

Proximity services (ProSe) consist of discovering mobile devices in physical proximity and enabling
optimized communications between them. In the NPSTC public safety broadband network documents,
proximity services are described as either “Direct Mode” or “off-network communications” and the
following items are some examples of the scenarios where this type of communication is needed:

o Firefighters responding to wildfires
o Police officers covertly monitoring criminal activities in densely populated areas

o Firefighters responding to building fires where network coverage does not cover entire building
interior

e First Responder is outside the range of the fixed network (e.g., rural areas, remote areas, building
interiors)

The 3GPP system enablers standardized in Rel-12 for ProSe include the following functions:

e EPC-level ProSe Discovery

e EPC support for WLAN direct discovery and communication
e Direct discovery

e Direct communication

e UE-to-Network Relay

Figure 3.20 shows non-roaming network reference architecture. Reference architectures for inter-PLMN
and roaming scenarios are also defined in TS 23.303.
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Figure 3.20. ProSe non-roaming reference architecture.109
As seen in Figure 3.20, the ProSe Function is the logical function that is used for network related
actions required for ProSe, including controlling the configuration of the ProSe-enabled UE; ProSe
enabled UE authentication and service authorization; controlling ProSe Direct Discovery; controlling
the set-up of the connection between the Remote UE and the ProSe UE-to-Network Relay; and
controlling the attributes of an established network access connection, such as activation of an IP
address, etc.

Existing network functions, such as, HSS, MME, PCRF are also enhanced to support ProSe services.

The detailed definition for all reference interfaces is in section 4.3.1 of TS 23.303. Specifically, PC5
reference point between ProSe-enabled UEs is used for control and user plane for ProSe Direct
Discovery, ProSe Direct Communication and ProSe UE-to-Network Relay.

ProSe enabled public safety UE may support the following functions:
e Procedures for one-to-many ProSe Direct Communication over PC5 reference point.

e Procedures to act as a ProSe UE-to-Network Relay. The Remote UE communicates with the
ProSe UE-to-Network Relay over PC5 reference point. The Prose UE-to Network Relay uses
layer-3 packet forwarding.

e Exchange of control information between ProSe UEs over PC5 reference point, (e.g., for UE-
to-Network Relay detection and ProSe Direct Discovery).

199 3GPP TS 23.303, V12.4.0, March 2015
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e Exchange of ProSe control information between another ProSe-enabled UE and the ProSe
Function over PC3 reference point. In the ProSe UE-to-Network Relay case, the Remote UE
will send this control information over PC5 user plane to be relayed over the LTE-Uu interface
towards the ProSe Function.

e Configuration of parameters (e.g., including IP addresses, ProSe Layer-2 Group IDs, Group
security material, radio resource parameters). These parameters can be pre-configured in the
UE, or, if in coverage, provisioned by signaling over the PC3 reference point to the ProSe
Function in the network.

|
<«——OQut-of-network—»
|
|

Remote | ProSe UE-to- | Public
UE | Network 1 eNB —|— Safety
Relay U AS
PC5 u SGi

: 110
Figure 3.21. ProSe UE to Network Relay.

As shown in Figure 3.21, the ProSe UE-to-Network Relay entity relays unicast traffic (UL and DL)
between the Remote UE and the network. The ProSe UE-to-Network Relay provides generic function that
can relay any type of traffic that is relevant for public safety communication.

A ProSe Proxy Function is also defined which enables support for UE to Home ProSe Function
communication, where the Home ProSe Function is not located in the same network as the PDN GW for
the PDN connection being used. Such proxy functions are needed when requirements on security are not
met by signaling over Internet. Inter-PLMN signaling may be used in that case. TS 23.303 defined
functional description and information flows for service authorization and revocation for ProSe direct
discovery and direct communication, ProSe direct discovery, ProSe direct communication, EPC-level
ProSe discovery procedures, EPC support for WLAN direct discovery and communication and ProSe
impacts to EPC procedures.

The 3GPP SA2, SA3, CT1, CT3, CT4 and CT6 groups standardised the architecture defined in 3GPP TS
23.303, TS 33.303, TS 24.333, TS 24.334, TS 29.343, TS 29.344 and TS 29.345. The service
requirements for proximity services have been incorporated into the service requirements for the Evolved
Packet System (EPS) in 3GPP TS 22.278.'!

The 3GPP RAN Aspects of LTE device to device proximity services are captured in the related RAN
specifications such as, 3GPP TS 36.300, TS 36.213, TS 36.331 etc., and in Section 3.1.5 of this white
paper.

119 3GPP TS 23.303, V12.4.0, March 2015.
111
3GPP TS 22.278, Service requirements for the Evolved Packet System (EPS).
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Group Communication System Enablers and Mission Critical Push-to-Talk

Group communications is a frequent mode of operations for public safety where simultaneously
communicating with multiple users is needed. An example of a public safety group would be the
firefighters that are battling a structure fire.

Push-to-Talk (PTT) is an example of voice-based multiple-user communications. LTE supports the
capability for users to communicate in parallel at the same time with several groups with different media
types (e.g., voice to one group).'> The Group Communication System Enablers work in 3GPP will
optimize the LTE environment for the multiple user environments.

H-PLMN | Application
HSS | domain
PCRF [ Rx—
S6a |
Gx |
1 MME ———su
S1-MME —L | GCSAS
SIP-GW  HSGr—
M3J LSm | T
S1u | | MB2-U
H | MB2-C
M1 . | ‘
UE U EUTRAN | — MBMSGw | SGimb BM-SC
SGmb l
|
[
|
|

Figure 3.22. Architecture model for GCSE_LTE.113

In Rel-12 the completed Group Communication work (GCSE_LTE) provides a generic enabler for group
communication utilising eMBMS capabilities in the downlink and as such facilitates the ability to support
large number of users in an efficient manner. The architecture work of GCSE is captured in 3GPP TS
23.468 and the new MB2 defined interface that allows the Group Communication Application Server to
communicate and send content to the BM-SC is defined in 3GPP TS 29.468. New QoS Class Identifiers
(QCI) 65, 66, 79 and 80 suitable for Mission Critical and non-mission critical PTT services were added to
3GPP TS 23.203.

The service requirements for Group Communication System Enablers for LTE (GCSE_LTE) are
contained in 3GPP TS 22.448. The study on the architecture enhancements to support Group
Communication System Enablers for LTE (GCSE_LTE) is contained in 3GPP TR 23.768.

TS 23.468 includes the following items:

e Basic architecture diagram, including roaming architecture

112
3GPP TS 22.468, Group Communication System Enablers for LTE (GCSE_LTE).
13 3GPP TS 23.468, V13.0.0, March 2015.
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e Use of eMBMS for group communication

e Standardization of MB2 interface between GCS AS and BM-SC and the procedures for TMGI
management, activating, deactivating, modify MBMS bearers, and MBMS delivery status
indication

e Service continuity when UE is switching between unicast deliver and MBMS delivery
e Priority and pre-emption for group communication
e GCl1 interface at application layer is out of scope of Rel-12

LMR to LTE Interoperability

The FirstNet National Public Safety Broadband Network (NPSBN) must operate concurrently with the
existing LMR trunked systems. The NPSTC PTT over LTE Requirements 14 describes the PTT
communications between LMR and the LTE based NPSBN service as follows:

“The goal of PTT communications between LTE and LMR subscribers is that, insofar as it is
technically possible, LMR subscribers and dispatchers experience no essential differences in
their communications with each other, and with PTT subscribers using an NPSBN-compliant PTT
service. Likewise, insofar as a particular feature is interoperable, PTT subscribers experience no
essential difference in the communications with LMR subscribers versus those using an NPSBN-
compliant PTT service.”

A model of the LMR to LTE interoperability is illustrated in Figure 3.23.

PTT LMR
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Figure 3.23. PTT LTE and LMR Interoperability Model. The LMR subscribers and dispatchers are able to communicate with
PTT subscribers and dispatchers by virtue of transport and services provided by the Public Safety Entity Network (PSEN)
and Nationwide Public Safety Broadband Network (NPSBN).'*°

114
National Public Safety Telecommunications Council (NPSTC, Public Safety Broadband Push-to-Talk over Long Term Evolution

Requirements. July 18, 2013.
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A joint project has been completed between the Alliance for Telecommunications Industry Solutions
(ATIS) and the Telecommunications Industry Association (TIA) to develop a standard to define the
interoperability between LMR and LTE. ATIS is the lead group for this joint project.

3.3.3 WI-FI INTEGRATION

As mobile networks evolve to all-IP and traffic continues to build and constrain network capacity, the
importance of Wi-Fi cellular interworking remains essential. Rel-12 provides additional Work Items to
improve Wi-Fi as an access point for mobile networks.

23.3.3.1 NETWORK SELECTION

Before Rel-12, Wi-Fi interworking with 3GPP technologies was already supported at the CN level, but the
WLAN and PLMN selection mechanisms per I-WLAN specifications (xx.234 series) were not satisfying
enough to be deployed, and the Traffic Steering mechanisms via Access Network Discovery and
Selection Function (ANDSF) were not sufficient: a mechanism to determine the APN to use for a given IP
flow was missing (IARP), the granularity of the access technology (WLAN, 3GPP) was not sufficient, and
ANDSF rules did not take into account 3GPP radio parameters such as signal strength, channel quality
and RAN operator offload preferences.

Given that different operators have different deployment scenarios, two solutions have been specified in
Rel-12: an enhanced ANDSF policy based solution (in TS 23.402) and a RAN rules based solution (in TS
36.331 and TS 23.401).

ANDSF Policy Based Solution

WLAN and PLMN selection: In Rel-12, ANDSF was enhanced with the introduction of WLAN Selection
Policies that supersede the I-WLAN network selection mechanism. It allows both the Home operator and
the Visited operator to provide rules for the selection of the best WLAN access point according to various
criteria such as time of the day, location, preferred WLANs, whether the WLAN supports S2a interface,
etc. The Home Operator is able to allow or prevent the visited network to apply its own policies or not. A
specificity of ANDSF is that the preferred WLANs may be known by the RAN (e.g., collocated) or can only
be signaled as preferred by the home operator (using e.g., Realms).

Traffic Steering: In Rel-12, ANDSF was enhanced with the introduction of Inter-APN (Access Point Name)
Routing Policies (IARP), only set by the home operator, and which enables the UE to determine the APN
or to select non-seamless WLAN offload from a given IP flow (OPIIS feature), with the introduction of RAT
technologies (E-UTRAN, UTRAN, GERAN) offering a better granularity for traffic steering decisions
(WORM feature). ANDSF ISRP (Inter-System Routing Policy) was also enhanced with additional RAN
validity conditions (based on RAN assistance information) and related parameters/thresholds, which are
provided by ANDSF or RAN.

RAN assistance parameters are provided by RAN to the UE through broadcast signaling (and optionally
dedicated signaling). RAN assistance parameters would include the threshold values of Wi-Fi/RAN signal
strength, channel quality and Wi-Fi load and backhaul availability. In addition, it also includes an Offload

15 NPSTC, “Public Safety Broadband, Push to Talk Long term Evolution requirements”, July 18, 2013.
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Preference Indicator indicating the amount of offload via UE that would apply the RAN assistance
parameters provided. Based on ANDSF IARP and ISRP rules, RAN assistance information, as well as
measurements and information provided by the Wi-Fi network, the UE steers traffic to a Wi-Fi or RAN.

A specificity of ANDSF is that traffic steering policy can be at APN/PDN connection level, at IP flow level
or even at application level.

Figure 3.24 illustrates the ANDSF based solution call flow.

UE eNBRNC WLAN AP

RAN assistance
Parameters

2. Perform access
network selection

and traffic steering
by ANDSF

Figure 3.24. ANDSF policy Traffic Steering.116

The policy may include multiple candidate information simultaneously. An example of such traffic
steering policy may be as follow:

e 3GPP > Wi-Fi: If RAN RSRP is less than threshold s (provided by RAN), and if Wi-Fi Received
Signal Strength Indicator (RSSI) is greater than threshold r (provided by RAN) and Wi-Fi BSS
load (provided by ANDSF) is less than threshold y, move IP flow (or PDN connection) to Wi-Fi

e Wi-Fi > 3GPP: If RAN RSRP is greater than threshold s’ (provided by RAN), and if Wi-Fi RSSI is
less than threshold r’ (provided by RAN) and Wi-Fi BSS load (provided by ANDSF) is greater than
threshold y', move IP flow (or PDN connection) to UTRAN/E-UTRAN

This is realized by adding RAN validity conditions and related parameters/thresholds to ANDSF
IARP/ISRP rules. The values of the RAN cellular thresholds (e.g., RAN RSRP/ Received Signal Code
Power (RSCP) thresholds) are provided by RAN and used in the ANDSF policy. The values of the WLAN
thresholds are provided by ANDSF.

Optionally, per UE control for traffic steering can be achieved using dedicated signaling during connected
mode (e.g., the RAN may send different values of the above parameters to different UEs in connected
mode).

ANDSF policies for WLAN selection and traffic steering are sent to the UE by the home and/or visited
operators, which therefore control the UE behavior. IARP rules also allow the home operator to keep full
control or to delegate control to the visited operator.

18 3GPP TR 37.834, V12.0.0, December 2013.
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RAN Rules Based Solution

When the eNB/RNC knows the location or other Wi-Fi access points parameters (e.g., Base Station
Subsystem ID (BSSID), channel, etc.) of the neighbor WLANSs (e.g., collocated with the 3GPP cell) and
the UE or the network doesn’t support ANDSF, a RAN-based solution for WLAN selection and traffic
steering, specified in Rel-12, can be used. When such information on the neighbor Wi-Fi access points is
not available, ANDSF should be used for WLAN selection and traffic steering.

RAN provides assistance information to the UE through dedicated and/or broadcast signaling. Based on
this information and on rules specified in the RAN specification, as well as measurements and information
provided by the Wi-Fi network, the UE steers traffic to a Wi-Fi or RAN. Unlike ANDSF, WLAN selection
and traffic steering are not handled separately.

This solution consists of the following steps, which are described in Figure 3.25.

@ \ eNB/RNC \ \ WLAN AP \ ‘MME/SGSN

««—1.NAS signalling (PDN connection "offloadability")

2. RAN Assistance |
Parameters

€<

3. Perform access
network selection
and traffic steering

Figure 3.25. RAN rules based traffic steering.
Traffic steering can only be performed at APN/PDN connection level.
For the above signaling procedure, each step is elaborated in the following:

1. At PDN connection establishment, the MME provides information to the UE indicating whether the PDN
Connection can be offloaded to WLAN or not. The MME elaborates this “offloadability” information from
the subscriber profile in the HSS and from local policy. It can also update this “offloadability” information
via Session Management NAS signaling during the life of the PDN connection.

2. Provision of RAN assistance information: RAN provides the assistant information through dedicated
and/or broadcast signaling. RAN assistance information would include such things as thresholds for Wi-
Fi and RAN signal strength, channel quality and load. If the UE has valid access network selection
parameters provided through dedicated signaling, the UE ignores the related information provided in
broadcast signaling. Otherwise, the UE utilizes the broadcast information. The RAN also broadcasts a list
of identifiers (SSIDs, BSSIDs and HESSIDs) of neighbor WLANS, to be used in the WLAN selection
process.

3. Access network selection: If the UE is provided with ANDSF policy, the UE shall use ANDSF rules.
Otherwise, the UE may utilize the RAN specified rules.
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13.3.3.2 SAMOG

S2a Mobility based on GPRS Tunneling Protocol (SaMOG) has received much improvement in Rel-12 as
enhanced SAMOG (eSAMOG). Prior to 3GPP Rel-12, UEs could already establish a PDN connection via
a trusted WLAN (TWAN) or perform non-seamless WLAN offload (NSWO). However, this was only
supported with the following limitations:

e No IP address preservation in case of mobility between a 3GPP access and a TWAN

e A UE could not explicitly request the type of connectivity (i.e., an NSWO connection or a PDN
connection)

e The UE could not signal the Access Point Name (APN) for connectivity; thus only connectivity to
a default APN (selected by the network) was supported

e Only one PDN connection per UE was supported over trusted WLAN

e Only either a PDN connection or an NSWO was supported (i.e., NSWO was not possible in
parallel to a PDN connection over WLAN)

In Rel-12, 3GPP addressed these shortcomings by enabling UEs to:

¢ Indicate the requested connectivity type (PDN connection to EPC or non-seamless WLAN offload
(NSWO))

e Indicate the APN to establish PDN connectivity

¢ Request to hand over an existing PDN connection

e Establish multiple PDN connections in parallel over trusted WLAN

e Establish an NSWO connection in parallel to PDN connection(s) over WLAN

Two types of UEs are supported for Rel-12 SaMOG: Single connection mode (SCM) UEs and multi-
connection mode (MCM) UEs. Single connection mode UEs are considered a simple extension on top of
Rel-11 which still only support either a PDN connection over WLAN or an NSWO, but which can, in
contrast to Rel-11 UEs: (a) explicitly request a specific connectivity type (PDN connection to the EPC or
NSWO); (b) indicate the requested APN to connect to (in the case of PDN connection), and; (c) explicitly
request to hand over an existing PDN connection.

Multi-connection mode UEs address use cases where multiple PDN connections are needed in parallel
(e.g., to access both the IMS APN and the Internet APN via WLAN) or an NSWO is needed in parallel to
PDN connections over WLAN.

To achieve this, 3GPP agreed on the following. EAP-AKA’ has been extended to enable the UE and the
network to negotiate the mode of operation (single-connection mode or multi-connection mode) and to
allow a single connection UE to indicate the requested connectivity type (PDN connection or an NSWO),
the APN to connect to (in case of PDN connection), and whether a hand over is requested.
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To support the multi-connection mode additional extensions are needed. A new WLAN control protocol
(WLCP), which runs between UEs and the Trusted WLAN Access Gateway (TWAG), enables UEs in
multi-connection mode to establish/hand over/tear down PDN connections. WLCP has been defined by
3GPP and is similar to the session management protocol defined in 3GPP TS 24.008.

In multi-connection mode, IP packets belonging to the different PDN connections and the NSWO
connection need to be multiplexed across WLAN between the UE and the TWAN. Since the related IP
address ranges could potentially overlap, a mechanism has been defined to separate the user planes of
the related PDN connections/the NSWO connection. This mechanism is achieved by using different
destination Media Access Control (MAC) addresses on the TWAG for different PDN connections (and the
NSWO connection). When the UE requests a PDN connection to a given APN, the TWAG assigns a
uniqgue MAC address for the new PDN connection (for this UE) and indicates this MAC address to the UE.
When the UE needs to send uplink packets for the new PDN connection, it sends the packets to the
destination MAC address assigned for this PDN connection by the TWAG. In the downlink direction, if
the TWAG needs to send packets to the UE it uses the unique MAC address assigned for this PDN
connection as the source MAC address. This scheme enables both UE and TWAG respectively, to
identify the PDN connection (or the NSWO connection) to which a given downlink or uplink packet
belongs,

The Work Item including the related protocol aspects was completed in Rel-12.

23.3.3.3 OPTIMIZED OFFLOADING TO WLAN IN 3GPP RAT MOBILITY
As part of 3GPP Rel-12, the following features related to IRAT mobility are introduced:

e Upgrade ANDSF Inter-System Routing Policies (ISRPs) to provide for mechanisms to indicate
preferences with granularity at the 3GPP RAT level within network policies: operators can provide
policies that favor a specific 3GPP RAT over another one with reference to the WLAN preference

o for Inter-System Routing Policies, the prioritized list of access technologies included in
the rules for IFOM and MAPCON may contain 3GPP access, WLAN access, as well as
specific 3GPP RATs such as GERAN, UTRAN and E-UTRAN. The order of the access
technologies in this list allows the operator to prioritize specific 3SGPP RATs with respect
to WLAN access. In other words the operator could, for example, set a policy such that
E-UTRAN was first, followed by WLAN, and then UTRAN and GERAN, in that order

e Clarifications to the UE behavior

o Upon bearer loss or UE-detected bearer QoS degradation during inter-RAT 3GPP
handover, after receiving the Handover Command the UE can adopt an implementation
dependent mechanism to trigger the handover of one or more PDN connections or
mobility of one or more IP flows to WLAN (e.g., taking into account policies obtained from
ANDSF).

o If some IP traffic had been routed over WLAN as a result of 3GPP RAT mobility (e.g.,
from E-UTRAN to UTRAN), a UE can use an implementation-dependent hysteresis
mechanism (e.g., based on an implementation dependent timer) to prevent the ping-pong
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such as traffic being handed back to the original RAT (e.g., E-UTRAN) again in a short
period of time

The Work Item was completed in Rel-12.

3.3.4 CORE NETWORK OVERLOAD

The original focus of the Core Network Signaling Overload investigation was initiated to address HLR
overload scenarios that could result from any of a number of causes (e.g., RNC failure or restart, Denial
of Service attacks, etc.).

Increases in signaling speed and the concentration of subscribers into fewer HLR nodes creates a more
complicated environment, and one in which situations can change quickly. Since more subscribers are
supported per HLR, more subscribers are also impacted. The HLR is not a unique network element in
this regard. Similar scenarios might also occur for other “core” network elements as the behavior of the
UE becomes increasing complex. In general, it was deemed that Core Network Overload aspects ought
to be studied further both in terms of scenarios leading up to it, and more importantly appropriate
mitigation actions spawned therein. This resulted in the Core Network Overload Solutions study
(FS_CNO) that started in Rel-11, but could not be completed due to work prioritization by SA plenary at
the time. Subsequently, key themes for Rel-12 were identified which included FS_CNO as one of the
mainstays for achieving System Capacity and Stability.

The objectives of this Study Item are to:

o |dentify and document scenarios that may result in signaling overload for core network entities
and that are not yet covered by other Work Items, such as the previously-outlined event, denial of
service attacks, and misbehaving/non-compliant mobiles

e Analyze the criticality of the scenarios and determine whether it is required to take action for the
identified scenarios

e Study ways to mitigate and handle signaling overload scenarios that are identified to be critical

The study aimed at providing solution(s) without UE modifications to allow for backward compatibility.
Broadly speaking, FS_CNO work has spawned off three threads:

e DIAMETER-related (FS_DOCME in Stage 3, and DIME WG in IETF)
o GTP-crelated (GOCME in Stage 3)

e ULI enhancements related: CNO_ULI for Stage 2, CNO_ULI-CH for charging aspects and
CNO_ULI-CT for Stage 3

The following sections briefly overview these different segments.
DIAMETER Overload Control

Stage 2 FS_CNO Phase 1 study on MAP and DIAMETER overload control concluded the following:
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e For MAP protocol: The recommendation is to use existing mechanisms of SS7 and Transaction
Capabilities Application Part (TCAP) in particular to handle congestion. SS7 signaling, including
SCCP and TCAP as defined by the ITU-T, has evolved as an international standard since 1980.
SS7 has an overload control mechanism for its links that are quite robust. SS7/TCAP does not
have end-to-end overload control mechanisms. However, if the MAP entity is overloaded, HLR
can discard lower priority signaling as described in TS 29.002 in order to relieve congestion. If
this overload control mechanism is changed significantly, it may result in other instability. This is
a mature system with deployments and experience that can be used to manage a network that
has predictable overload control.

e For Diameter protocol: A problem was identified that overload signaling in Diameter is of coarse
granularity and is deployed in a hop-by-hop manner. This is more relevant in large scale
deployments with multiple clients, servers and agents in the middle of the communication.
Diameter applications need to respond to overload. Without standardized mechanisms at some
layer (Diameter application, base protocol, transport, network, etc.) the Diameter-based protocol
interfaces used by functional entities in the 3GPP architecture cannot obtain detailed or useful
information to avoid overload or respond to congestion in such large deployments. Therefore:

o |IETF Diameter Maintenance and Extensions Working Group (DIME WG) is to evaluate
enhancements to base Diameter protocol to find a standardized means to convey
necessary congestion information between functional entities that use a Diameter-based
protocol interface

o CT3, CT4 and SA5 should take into account the work done in IETF at Diameter protocol
level and consider investigating Diameter protocol end points behavior and any other
changes needed in 3GPP Stage 3 specifications to support overload control mechanisms
on Diameter interface for 3GPP applications. Particular overload aspects to investigate
relate to the difference between session-oriented Diameter interactions and Diameter
interactions relying on implicitly terminated Diameter sessions (i.e., the server does not
maintain the state of the session) and the effect of Diameter Agents between end points
when deployed

o Mechanisms similar to the ones described in clause 6.2.5 of TR 23.843 for Diameter
Load Managers (DLM) could be studied in Stage 3 for potential benefits in server
congestion management.

IETF DIME WG Dependency

3GPP Diameter overload control enhancements has a dependency on completion of IETF DIME WG
work which has the charter to enhance base Diameter protocol to account for overload control.

To this extent, IETF DIME WG has identified the overall requirements of the Diameter overload control
problem space under draft-ietf-dime-overload-regs.

Discussions are to focus around identification of Overload Control (OC) semantics and data elements
first, with the subsequent goal for a means of exchanging OC information. In this regards, the following
solutions were being discussed:

e draft-roach-dime-overload-ctrl
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draft-korhonen-dime-ovl

draft-tschoefing-dime-overload-arch (and correspondingly draft-tschoefing-dime-diba, draft-
tschoefing-dime-overload-piggybacking)

The goal of DIME WG was to have a solution ready for IETF adoption by November 2013 so as to
facilitate completion of 3GPP Stage 3 FS_DOCME study in Rel-12.

GTP Overload Control

Stage 2 FS_CNO Phase 2 study on GTP-c identified the following scenarios which had the potential of
causing GTP-c overload:

Frequent Idle -> Connected, and Connected -> Idle transitions causes (due to e.g., eNB idle
timer). Depending on the value of eNB idle timers (which may result in a large number of [e.g.,
Service Requests from UEs in a busy hour]), session overload may occur in either an S-GW
managing TA/TAs or a set of S-GWs managing Tas.

Large number of users performing TAU/RAU. In a typical network deployment, the number of
MMEs and S-GWs is considerably large(r) than the number of P-GWs. In densely populated
areas such as in North-Eastern U.S. (e.g., New York City, metro Boston, metro Philadelphia,
etc.), mass transit systems transfer a large number of users on a daily basis. This results in large
number of simultaneous Target Acquisition and Tracking Unit (TAU)/RAUs towards
MMEs/SGSNs and corresponding Modify Bearer Requests towards S-GWs. This may result in
large number of MBRs towards a single or very few P-GWs.

An overload of a downstream node (e.g., P-GW) may also potentially cause overload of an
upstream node (e.g., S-GW) (e.g., due to GTP-c signaling retransmissions).

At the failure of an EPC node (e.g., S-GW) where the network would try to re-establish the GTP-c
session via a new EPC node (S-GW) that would replace the failing one- the risk is that the failure
of a node (e.g., S-GW) would trigger a spike in GTP-c signaling to restore the PDN connections
affected by the failure within the shortest time. These attempts to restore PDN connections
affected by the failure would overflow other nodes (e.g., other S-GW, P-GW) and transform a
local failure (e.g., of an S-GW) into a complete network issue via a snowball effect. The same
applies to a failure of a P-GW, MME or SGSN.

At overload or failure of a GTP-c node (e.g., S-GW) where the network would need to establish
subsequent (new) GTP-c sessions via a smaller number of GTP-c nodes (e.g., using only other
S-GW of the same cluster)- the risk is that the overload / failure of a node (S-GW) would trigger
an increase of GTP-c signaling that would overflow other nodes (other S-GW of the same cluster)
and transform a local failure (of an S-GW) into a complete network issue via a snowball effect.

A GTP-c node (e.g., P-GW) may encounter issues to handle traffic on a non-overloaded GTP-c
interface (e.g., S5 interface) when another of its (possibly non GTP-c) interfaces (e.g., Gx) is
overloaded.

Application signaling that induces creation of dedicated bearers served by a MME or pool of MME
- a large number of users may start application related interactions (e.g., IMS SIP call)
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simultaneously when some exceptional event occurs, which leads to a large amount of almost
simultaneous Create/Update Bearer Requests sent from P-GW to MME.

It was concluded that GTP-c needs enhancements to account for graceful entry and exit from overload
condition in order to avoid service impacts, for example:

e Loss of PDN connectivity (IMS, Internet, etc.) and associated services

e Loss of ability to setup and release radio and core network bearers necessary to support services
(e.g., GBR bearers for VOLTE)

e Loss of ability to report to the P-GW/PCRF user information's changes (e.g., location information)
for emergency services and lawful intercept, changes in RAT or QoS

e Billing errors and loss of revenue

As a result, two sub-features, namely GTP-c Load Control and GTP-c Overload Control, were specified in
Rel-12.

GTP-c Load Control Feature
e "Load Information" reflects the operating status of the resources of the originating GTP-c node
o [Exact format is up to Stage 3
o How this gets computed is implementation dependent

o Used during S-GW/P-GW selection to support load balancing of the PDN connections for
UEs

o Applicable only in GWIIMME/SGSN direction

o Included in existing GTP-c messages (request / response)
e Learning support of this capability could be simply configuration-based

o Whether protocol support for feature capability is required is up to Stage 3
e Frequency of transfer of Load Control Information is up to Stage 3

o Should not add significant additional load to the node and the peer node

¢ How existing Domain Name Server (DNS) Weight Factors can be used in conjunction with Load
Information received via GTP control plane signaling is left up to Stage 3

e Depending on configuration

o Inter-network (roaming) and on intra-network (non-roaming) interfaces can have different
values for “Load Information”

o VPLMN may act upon information sent by HPLMN
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GTP-c Overload Control Feature

e "Overload Information" reflects an indication of when the originating node is running above its
nominal capacity which may cause severe issues in handling the incoming traffic

o Conveys information about node itself and/or regarding specific APN(s)

o How a node determines that it is under Overload is implementation-specific. But,
computation and transfer of Overload control Information shall not add significant
additional load to the node itself and to its corresponding peer nodes

o Used to reduce / throttle the amount of GTP-c signaling traffic between the GTP-c nodes

o Provides guidance to the receiving node to decide action leading to mitigation towards
the sender

o Included in existing GTP-c messages (request / response)

o The exact format depends upon stage 3

o Included bi-directionally (GWs -> MME/SGSN, MME/SGSN -> GWSs)
e Learning support of this capability could be simply configuration-based

o Whether protocol support for feature capability is required depends upon Stage 3
o Frequency of transfer of Overload Control Information depends upon stage 3

o Should not add significant additional load to the node and the peer node
e Depending on configuration

o Inter-network (roaming) and on intra-network (non-roaming) interfaces can have different
values for “Overload Information”

o VPLMN may act upon information sent by HPLMN
Overload Control Related with ULI

A massive nhumber of users simultaneously inducing ULI update notifications may cause an excessive
signaling load within the PLMN, i.e., within:

e the MME/SGSN (source of the ULI update)
e the S-GW, P-GW, and possibly V-PCRF in roaming case (relay of the ULI update)
e the PCRF/OCS and TDF (consumer of the ULI update)

This massive number of ULI update notifications may be caused, for example, by massive mobility of
users in a specific location (e.g., train stations or business districts during busy hours, football stadium,
city centers during the weekend) or by the use for a greater number of users of ULI subscriptions at finer
granularity (e.g., cell level). To address these risks, three solutions are being studied:
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e Solution 1: ULI reporting only when the UE is in "CONNECTED" state. For ULI reporting related
to UE change of RA/TA, a new option is added to enable the PCRF/OCS to request ULI reporting
to be sent only when the UE is in "CONNECTED" state: the Node serving the UE (MME/SGN)
defers ULI reporting related with RA/TA change as long as the UE is either without active radio
and S1/lu user plane bearers or is in 2G STAND-BY state.

e Solution 2: ULI reporting at Presence Reporting Area level. In some use cases, policy/charging
decisions (and also e.g., statistics gathering per specific IP-CAN session) depend on whether the
UE is inside or outside a specific set of cells and/or serving areas associated with the user
subscription.

PCRF should be notified when an individual UE enters or leaves a specific area of interest (e.g., group of
cells or Routing Area (RA)/TA) provided by the PCRF, therefore avoiding natifications inside or outside
the specific area of interest. Note for example, that this is to define suitable QoS and charging policies to
apply to the data service of the user in that set of cells and/or serving areas.

Thus a (new) granularity of User Location Information reporting "at Presence Reporting Area level" is
defined. The ULI reporting at Presence Reporting Area level works the same way as ULI reporting
defined in TS 23.203 [9] with the following modification: The PCRF may send via the PCEF towards the
CN node serving the UE, a Location change reporting request at "Presence Reporting Area" level, telling
it wants to be notified only when the UE enters or leaves a Presence Reporting Area together with the
definition of the Presence Reporting Area(s).

e Solution 3: New “change of eNB” reporting event. The ULI reporting at Presence Reporting Area
level works the same way as ULI reporting defined in TS 23.203 [9] with the following
modification: another ULI reporting capability is added (i.e., reporting at ENB level). This avoids
the extra signaling related with the use of Location reporting that is required in case of ULI
reporting at cell level.

The current status of the work is as follows:
e Stage 2 (3GPP SA2) analysis completed

e Stage 3 work was completed in December 2014, under Study Item FS_DOCME with the general
directive from Stage 2 (3GPP SAZ2) being:

o Diameter based protocol needs to account for load and overload information exchange
but the exact nature of load and overload information transmission is left up to protocol
groups. Since, base Diameter is an IETF-defined protocol, IETF DIME working group
would work on the necessary enhancements

o Stage 3 (3GPP CT4, CT3, SA5) is to build on top of base Diameter enhancements with a
view of looking at:

= Deployment of Diameter Load Managers (DLM) within 3GPP system

* Analyzing system level impacts due to overload when indicated via Diameter
signaling
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= Evaluating impacts in session-oriented v/s non-session oriented Diameter
signaling

e Stage 3 work was completed under Work Item GPRS Tunneling Protocol for the Control plane
(GTP-C) Overload Control Mechanisms (GOCme). It’s objectives were:

= To define Load/Overload control related information with enough precision to
guarantee a common multi-vendor interpretation of this information allowing inter-
operability between various GTP-C nodes

= To define mechanism addressing various "Notes", which are targeted to the
stage 3, specified in clause 8.2.5, clause 8.2.6 & clause 10.2 of the 3GPP TR
23.843 v1.0.0.

o Alternative solutions were investigated and documented in TR 29.809, and it was
concluded to make changes to two TS’s (29.274, that defines the GTPv2-C protocol and
29.303 that defines DNS procedures).

Stage 2 work for ULI aspects of CNO has completed and resulted in work on charging and Stage
3 aspects.

3.3.5 WEB REAL-TIME COMMUNICATION (WEBRTC)

WebRTC is an enabler which enhances web browsers with support for Real-Time Communications (RTC)
capabilities via Javascript APIs, and is supported by a number of web browser developers including
Google, Mozilla, and Opera. 3GPP Rel-12 is developing specifications for clients to access the IMS
services using WebRTC. TS 22.228 provides requirements to support IMS subscriber access to IMS
services via WebRTC enabled devices and an application (client) that is provided by the IMS operator or
a third party.

At this time architecture work is being studied and documented in TR 23.701.™" The architecture study

involves developing support for IMS media (including transcoding) and protocol interworking necessary
for WebRTC client to access IMS services.

Services

The WebRTC IMS client will be able to support originating and terminating access to IMS multimedia
telephony (except emergency sessions, fax, and CS data), early media, and network tones and
announcements, including access to call management. The available IMS services and capabilities
accessible via the WebRTC IMS client will be determined according to operator policy and user
subscription settings in IMS.

NOTE: The available services and capabilities may be limited by the provider of the WebRTC IMS client
(operator or a third party), by the capabilities of the WebRTC IMS client (e.g., no video support), and/or by
the IP access used to access the IMS network (e.g., IP access networks without QoS support).

117
TR23.701, “Study on Web Real Time Communication (WebRTC) access to IMS”.

4G Americas | Mobile Broadband Evolution Towards 5G: 3GPP Rel-12 & Rel-13 and Beyond | June 2015 93



Charging and QoS

The IMS supports online and offline charging for WebRTC IMS client access (including clients provided
by the operator or athird party) and will provide the appropriate QoS (based on operator policy and user
subscription) for WebRTC IMS client traffic originating from an access network supporting QoS.

Authentication and Security

The IMS authenticates an IMS subscriber accessing IMS services using operator provided credentials via
a WebRTC IMS client (whether provided by the operator or a third party) or WebRTC server. It then
associates the subscriber to one or more public identities (e.g., IMS Public User Identity or MSISDN).
When accessing the IMS via a WebRTC client the IMS will maintain the equivalent levels of security and
integrity when accessing IMS services in other ways.

Use Cases
The following use cases have been defined to describe WebRTC access to IMS:
o WebRTC-based application supports broad IMS client capabilities
e User gets his/her IMS service via third-party WebRTC-based application
e User gets third-party IMS service via WebRTC-based application
e Anonymous user gets IMS service via third-party WebRTC-based application

The SA2 Study reached conclusions for network-based solution architecture and flows and these are
documented in TR 23.701. Some remaining aspects of the normative work for WebRTC were
subsequently completed in mid-2014.

3.3.6 FURTHER NETWORK ENERGY SAVING

Further studies are introduced in Rel-12 for the purpose improving network power efficiency, and helping
to reduce CO2 emission and the OPEX of operators.**®

The study was divided in three main parts:
¢ Inter-eNB energy saving enhancement for overlaid scenario
e Energy saving scenarios for LTE coverage layer
e Transmission power optimization scenario
For the overlaid scenario, enhancements for selective switch-on of small cells were particularly studied,

e.g., UL-based solutions like l1oT measurements or Sounding Reference Signal (SRS) detection by the
eNB, or DL-based solution (probing) as introduced for the inter-RAT scenario in Rel-11. There was no

118
TR 36.887 v0.2.0, “Study on Energy Saving Enhancement for E-UTRAN”.
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agreement possible if the proposed solutions outperform existing switch-on solutions. It was identified that
the achievable ES gain also depends on the energy consumption in the coverage cell and the energy
consumption during collection of proximity information.

Another part of the study aimed at evaluating whether and how far ES solutions can provide gains when
taking QoS requirements of subscribers into account. Two solutions, with additional signaling compared
to already existing signaling, were proposed. One solution is to re-use existing QoS parameters and the
other solution is to specify a new indicator sent from CN to the eNB. But the study has not evaluated the
benefits of this additional signaling

On the studied technique for energy saving in the E-UTRAN, the coverage layer was based on coverage
compensation, i.e., techniques where accessibility to the network in the coverage area of a cell to be
moved into Energy Saving mode is provided by the coverage of one or more other cells. It was
concluded that such functionality can be achieved with existing X2AP signaling. The functionality may
also benefit from standardization of inter-eNB coordination of cell modification foreseen in Rel-13 for AAS
systems.

The third part of the study assumes the TX power of LTE cells can be reduced. This approach to save
energy is to optimize the transmission power of all or most cells, so that without switching off any cell,
overall energy consumption is minimized. It was observed that: the gain offered by the TX power
optimization depends on the network deployment margins, and if the margins are low the gain may be too
low to justify the effort needed to implement automatic optimization. If such optimization is decided to be
justifiable, the solution must provide the mechanism to guarantee cell border stability and user
accessibility.

(3.3.7 MULTIMEDIA

The specification of 3GPP multimedia services, codecs, and protocols is developed in the 3GPP SA4
working group. In Rel-12, SA4 is: developing a new speech codec for VoIP that provides improved
speech quality and operation at lower data rates; investigating adoption of a new video codec that
promises to provide significantly better performance over the current video codec; developing features
and enhancements for MBMS; enhancing QoS procedures for conversational IMS services; and
developing acoustic tests and requirements for LTE VolIP terminals. The following provide an overview of
key features and their status.

EVS Codec

Enhanced Voice Services (EVS) is the conversational voice codec currently being standardized in 3GPP
SA4 for use in next generation voice services primarily over LTE and LTE-A. The EVS codec will be the
successor to Adaptive Multi-rate (AMR) and Adaptive Multi-rate WideBand (AMR-WB) codecs that are
extensively used in 3GPP systems for voice services as of 2013. The goals of EVS as envisaged in the
TSG-SA TR 22.813 include:

e Enhanced quality by the introduction of super-wideband (SWB) speech, leading to improved user
experience- the EVS codec is the first conversational codec that can encode voice and other
audio signals with a super wideband bandwidth (50 Hz-16 kHz) at bit rates as low as 13.2 kbps.
Super-wideband coded speech sounds closer to the original human voice compared to wideband
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(WB) and narrowband (NB) speech and therefore provides a sense of “presence”. Fullband
operation offers coding in the whole band of 20 Hz — 20 kHz.

e Enhanced quality and coding efficiency for NB and WB speech services, leading to improved user
experience and system efficiency compared to codecs used in pre Rel-12 voice services- at
similar bit rates as current 3GPP conversational codecs (AMR and AMR-WB), the EVS codec is
expected to offer better quality for NB and WB inputs. Equivalently, the EVS codec is expected to
provide improved coding efficiency by coding NB and WB signals at lower bit rates for similar
quality as AMR and AMR-WB, respectively.

e Enhanced quality for mixed content and music in conversational applications (for example, in-call
music, music on hold etc.), leading to improved user experience for cases when the selection of
dedicated 3GPP audio codecs is not possible.

¢ Robustness to packet loss and delay jitter, leading to optimized behavior in IP application
environments like Multimedia Telephony Service for IMS (MTSI)- further, the bit rates for the
EVS codec are selected to optimally utilize the LTE transport block sizes chosen for AMR-WB.

e Backward interoperability to the 3GPP AMR-WB codec by having some WB EVS modes (called
AMR-WB 10 modes) supporting the AMR-WB codec format used throughout 3GPP
conversational speech telephony service (including circuit-switched).

Table 3.3 shows a comparison of features of AMR, AMR-WB and the EVS codecs.

Table 3.3. Comparison of AMR, AMR-WB and EVS.

Features AMR AMR-WB EVS
Input and output sampling frequencies | 8KHz 16KHz 8KHz, 16KHz, 32KHz, 48 KHz
supported
Audio bandwidth Narrowband Wideband Narrowband, Wideband,
Super-wideband, Fullband
Coding capabilities Optimized for | Optimized for coding | Optimized for coding human
coding human | human voice signals voice, and general purpose
voice signals audio  (music, ringtones,
mixed content) signals
Bit rates supported (in kb/s) 475, 5.15, 590, | 6.6, 885, 1265, | 5.9, 7.2, 8, 9.6 (NB and WB
6.70, 7.4, 7.95, | 14.25 15.85, 18.25, | only), 13.2 (NB, WB and
10.20, 12.20 19.85, 23.05, 23.85 SWB), 16.4, 24.4, 32, 48, 64,
96, 128 (WB and SWB only)
Number of audio channels Mono Mono Mono and Stereo
Frame size 20 ms 20 ms 20 ms
Algorithmic Delay 20 ms/ 25 ms 25ms Upto 32 ms
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The EVS Work Item commenced in 3GPP SA4 in March 2010. The qualification testing included 12
subjective experiments to test the EVS codec against performance requirements in 148 different
conditions spanning three bandwidths (NB, WB and SWB), clean and noisy speech inputs and under both
error free and delay and loss-prone channel conditions. At the 3GPP SA4 #72 Bis meeting in March
2013 in San Diego, the top five candidates among the 13 were selected to move on to the next phase of
the standardization process. The quality of all 13 candidates was high as all of them passed more than
95% of the 296 requirements tested.

As a result of examining the codec high level descriptions provided by each candidate at the Qualification
meeting, it became clear to the various consortia that all of the qualified candidates were based upon very
similar coding principles.

In September 2013, twelve companies (Ericsson, Fraunhofer 1S, Huawei, Nokia, NTT, NTT DOCOMO,
Orange, Panasonic, Qualcomm, Samsung, VoiceAge and ZTE Corporation) that confirmed their intent to
submit a codec in selection, declared their intention to work together and to develop a single jointly-
developed candidate for the Selection Phase by merging the best elements of the codecs from each of
the different companies.

The fixed-point C code of the single joint candidate was submitted for selection phase of testing on June
27, 2014. Even though only a single codec entered the Selection Phase, the strict 3GPP process for
codec selection was maintained. The subjective Selection testing comprised 24 experiments, each
conducted in two languages. Independent Host Lab (Dynastat Inc.), Cross-check Lab (Audio Research
Labs, LLC), Listening Labs (Dynastat Inc., DELTA, and Mesagin.com s.r.o. (Ltd.)) and Global Analysis
Lab (Dynastat Inc.) were used. This testing allowed the codec to be evaluated in 389 requirements.
Remarkably, the codec exhibited only two systematic failures (in both languages) at the 95% confidence
level. One of these failures was subsequently addressed, as it was found to be the result of a software
bug. Objective testing was also performed.

The single joint candidate was selected at 3GPP SA4 #80 bis meeting in August 2014 and the EVS codec
specifications were approved at 3GPP TSG-SA #65 in September 2014. The selected EVS codec fulfills
the project targets.

Verification Phase was launched and several organizations volunteered to verify that the code supplied to
3GPP conformed to the requirements.

The Characterization Phase is the latest phase. During this phase, the codec was tested in a more
complete manner than in the selection phase. In order to evaluate the selected codec in the broadest
possible way, a further set of 17 subjective experiments have been designed. Five of these experiments
have been conducted in two different languages, for a total of 22 tests. The aim of these additional
experiments, and other objective evaluations, was to evaluate features of the codec which remained
untested or to highlight areas of interest to 3GPP such as tandeming cases, fullband cases, and multi-
bandwidth comparisons. The same listening laboratories used for selection were again employed in
characterization.

3GPP has also specified a floating-point version of the AMR-WB codec (3GPP TS 26.243). This work was
completed by 3GPP TSG-SA #66 in December 2014.

A comprehensive characterization report of EVS is available in TR 26.952 and the first release was
completed at 3GPP TSG-SA #66 in December 2014.
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Multicast on Demand

The Evolved Multimedia Broadcast/Multicast Service (eMBMS) operating over an LTE network provides
an efficient way to deliver files and streaming content to a group of users over a point-to-multipoint
channel. This “one-to-many” distribution provides a resource-efficient alternative to delivery over multiple
unicast bearers when a large number of users are interested in the same content.

3GPP SA4 is developing a feature, referred to as “MBMS operation on Demand” (MooD), which will allow
the network to dynamically establish an MBMS user service on the fly and seamlessly migrate existing
unicast services to the established MBMS service. In scenarios where a particular piece of content is
being consumed by more than a preconfigured number of users in a geographic area, unicast delivery is
dynamically switched to broadcast delivery. The MooD feature also supports dynamic migration to MBMS
bearer delivery, in area(s) of sufficient usage demand, of an existing MBMS user service previously only
accessible in those area(s) on the unicast bearer.

One use case where this feature is needed is when live “breaking news” becomes available and many
users start watching the content through separate unicast bearers. When the network detects that the
number of viewers exceeds a certain threshold, the network can broadcast the content over the MBMS
bearer and direct the UEs to receive the content over broadcast. A similar scenario can occur when a
software update for a smart phone application is being downloaded by multiple terminals in a geographic
area.

Another use case that benefits from this feature is group calls. When the number of UEs in the call and in
a specific cell exceeds a threshold, an MBMS bearer can be established for the group to enable efficient
delivery of the group call content. When the network detects a significant drop-off in user access to the
content over a dynamically provisioned MBMS service, the network determines that it is no longer
beneficial for overall network utilization to maintain a dedicated MBMS bearer for delivering the content.
The network then deactivates this MBMS user service and the associated network capacity is re-allocated
for delivery of the content over unicast.

SA4 has agreed on the use cases for this feature, associated functional requirements and gap analysis,
and Stage 2 call flows for switching between unicast and broadcast operation. In addition, normative
specifications in support of the MooD feature have been agreed for the Rel-12 version of the MBMS
Protocols and Codecs specification, TS 26.346, including UE configuration of operational parameters,
signaling between the network and the device to initiate service offloading to MBMS bearer delivery, and
consumption reporting of MBMS service usage to enable dynamic termination of the service once the
popularity decreases below operator-configurable thresholds. Figure 3.26 shows the high level
architecture of the “MBMS Operation on Demand” feature. The solid red, blue, and orange lines describe
the flow of content over unicast bearers. When the network detects a high rate of attachment to a unicast
service, it requests that the BM-SC activate an MBMS user service to deliver the same content over a
broadcast bearer. The unicast traffic is re-routed through the BM-SC as shown by the dashed lines and
then delivered over the broadcast bearer in the green line.
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Figure 3.26. High-level architecture of MBMS Operation on Demand. The solid red, blue, and orange lines describe the flow
of content over unicast bearers.'*®

Enhanced MBMS Operation

There is a continuous and ongoing effort in 3GPP to enhance the performance and enrich the
functionality of MBMS (Multimedia Broadcast/Multicast Service) for the delivery of diverse services to end
users. A collection of features, with the major ones listed below, and referred to as “Enhanced MBMS
Operation”, will be supported in the Rel-12 MBMS Protocols and Codecs specification, TS 26.346:

e Service continuity between unicast and broadcast reception of DASH over MBMS
e FLUTE enhancements

e Frequently-updatable, short file services (“Datacasting”)

¢ Enhanced File Repair

e Fast channel change

19 3GPP TR 26.849.
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e Multiple FLUTE Sessions for an MBMS User Service
e Targeted Ad Insertion

Service continuity between unicast and broadcast reception is important for the consumption of DASH-
formatted streaming services as a result of UE mobility into/outside of MBMS coverage, both to the user
in terms of seamless service experience, and to the MBMS operator who wishes to maximize network
efficiency by ensuring that UE’s within MBMS coverage always receive content over the MBMS bearer.

FLUTE enhancement provides the means to improve the delivery of real-time and live services over
MBMS, such as lower delivery latency, greater error resilience and reliability (for example, delivering file
metadata out-of-band and in advance of the file delivery session), and adoption of HTTP content delivery
mechanisms such as chunked delivery to enable progressive viewing of the received content.

Datacasting services refer to the delivery of frequently updatable, short file content, such as sports
statistics, traffic reports, and service announcement updates. Mechanisms have been defined in the
MBMS service announcement to signal the presence of these types of services, which enable service
contents to be delivered continuously and yet enable battery-efficient reception, or via scheduled delivery
windows.

Enhanced file repair enables UEs, even when located outside MBMS coverage, or are turned off during
the scheduled delivery of file contents, to efficiently recover the missed reception, without having to rely
on the File Delivery Table which are carried inband with the content file during broadcast transmission,
and normally serve as the means for supporting such file repair.

Fast channel change is an important feature when there is concurrent broadcast of multiple streaming
services over MBMS, such as the delivery of multiple channels of linear TV content. Users may wish to
switch service (“channel”) reception dynamically, and low latency in service change provides a superior
user experience. Solutions include the use of short random access point time periods, each of which
contains an independently decodable video frame, and the use of a small DASH Segment size, to ensure
that the occurrence of a service change results in short delay (e.g., 1-2 seconds) in playback on the
tuned-to service.

Multiple FLUTE sessions for an MBMS User Service represents a fundamental enabler for the flexible
carriage of media components of the primary service, as well as any auxiliary content associated with the
service, such as sports statistics (form of Datacasting service as previously described), advertisements,
and media assets pertaining to service interactivity, to be rendered in real time during the presentation of
the main service. The MBMS service announcement metadata has been enhanced with the capability to
identify the content types, delivery schedules, availability areas, and support for unambiguous service
reception reporting, associated with multiple delivery sessions for the delivery of the user service.

Last but not least, the MBMS Protocols and Codec spec (TS 26.346) now includes signaling support for
the delivery and reception of targeted advertisements, which enable customized ad content to be
rendered on the UE for the specific end user of that device. This baseline capability, which may be
extended in future releases of the specification, is an important feature in supporting personalized content
reception in a broadcast service context.
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Video

One of the new features specified in Rel-12 is the support of the High Efficiency Video Coding (HEVC)
codec in 3GPP multimedia services, including 3GPP Dynamic Adaptive Streaming over HTTP (3GP-
DASH), PSS, MBMS, MTSI, MMS and IMS Messaging and Presence. This was to cope with the rapid
increase in the consumption of video data over the Internet and wireless networks, while the same time
the increase of end user's expectation of video quality as more high definition displays and content are
becoming widely available.

The High Efficiency Video Coding (HEVC/H.265) codec was developed by the Joint Collaboration Team
on Video Coding (JCT-VC) of ISO/IEC SC29 WG11 (MPEG) and ITU-T SG16 Q6 (VCEG). Subjective
tests have shown that HEVC is able to achieve the same quality with roughly half of the bitrate compared
to Advanced Video Coding (AVC/H.264). Thus, support of HEVC in 3GPP multimedia services could
provide a bandwidth-efficient means to meet the requirements for enhanced video quality from end users
and operators.

Similar to earlier hybrid-video-coding based standards including AVC, the following basic video coding
design is employed by HEVC. A prediction signal of the image frame is first formed either by intra- or
motion-compensated prediction. The difference between the original image and the prediction is then
transformed as coded, followed by entropy coding. The gains in coding efficiency are achieved by
redesigning and improving almost all parts of the codec over earlier designs. In addition, HEVC also
includes several tools to enable its efficient implementation on parallel architectures.

As AVC/H.264 was the codec specified for use in 3GPP multimedia services before Rel-12, SA4 has
performed various objective and subjective tests comparing the performance of HEVC/H.265 versus
AVC/H.264 across the 3GPP multimedia services. The test conditions and results are documented in the
technical report, 3GPP TR 26.906.

The objective test results show that: for the same objective quality as measured by Peak Signal to Noise
Ratio (PSNR), the average decrease in bitrate for HEVC compared to AVC is 30-40 percent, and; that the
performance gain of HEVC is larger for higher spatial resolutions. Within each spatial resolution, the
performance gain for HEVC is larger at the lower bitrates. For example, the gain at 1080p resolution was
around 35 percent for the higher bitrate range and 50-55 percent for the lower bitrate range. Figure 3.27
shows the plot of PSNR versus bitrate for a typical sequence (BasketballDrive) at the 720p resolution.

4G Americas | Mobile Broadband Evolution Towards 5G: 3GPP Rel-12 & Rel-13 and Beyond | June 2015 101



Y PSNR vs Bitrate

&

Y PSNR (dB)
MENERE8LYALLLLILLEES
MO VRGOS IRNBEOEIDOOSN

——AVC JM18.4
—a—HEVC 10.0

0 2000 4000 6000 8000 10000 12000
bitrate (kbps)

Figure 3.27. PSNR vs. bitrate at 720p for BasketballDrive sequence for HEVC and AVC. The average decrease in bitrate for
HEVC compared to AVC is 30-40percent and that the performance gain of HEVC is larger for higher spatial resolutions.**

The subjective test results show that the bitrates to achieve a certain MOS are clearly lower for HEVC
than for AVC. This is valid for all content, format, and devices (smartphones and tablets) in the test. The
bitrates to achieve MOS=3.5 using HEVC is about 50 percent of the bitrate using AVC, with some
variation for different content types, resolutions and device types. The performance gain is larger at lower
bitrates. Figure 3.28 shows the summary of the MOS values for smartphones.
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Figure 3.28. MOS vs. bitrate for Smartphone devices (included trend lines use a 5" order polynomial approximation). The
bitrates to achieve a certain MOS are clearly lower for HEVC than for AVC.**

120 3GPP TR 26.906.
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For the above mentioned 3GPP multimedia services, namely 3GP-DASH, PSS, MBMS, MTSI, MMS, and
IMS Messaging and Presence, HEVC Main profile, Main tier, Level 3.1 has been specified as the
recommended minimum HEVC decoding capability for clients operating these services. The most
representative format for this capability is the 720p resolution at 30 frames per second.

13.3.8 POLICY AND CHARGING CONTROL (PCC) FRAMEWORK
|ENHANCEMENTS

Beginning with Rel-11, it is possible for the Policy and Charging Control (PCC) architecture to provide
application awareness even when there is no explicit service level signaling. The application detection
and control can be implemented either by the Traffic Detection Function (TDF) entity or by the Policy and
Charging Enforcement Function (PCEF) enhanced with Application Detection and Control (ADC) entity.
The mechanisms of both detection and, in the case of solicited application reporting, also control (i.e.,
gating, bandwidth limitation, redirection and usage monitoring per detected application), are also
applicable for applications with non-deducible service data flows. ADC Rules are defined per each
application, which is required to be detected and controlled in the case that TDF and PCC Rules are
defined per each application. This is required to be detected and controlled in the case of PCEF
enhanced with ADC. In contrast to the TDF, the Rel-11 PCEF enhanced with ADC also supports
charging per detected application.

In Rel-12, system enhancements are introduced on top of the existing PCC framework in order to fulfill
application-based charging for the detected applications; also, in the case of the TDF system,
enhancements are needed so that the applications can not only be detected and enforced, but also be
charged by the TDF.

On top of Rel-11 Service Awareness and Privacy Policies extensions, which were defined for TDF and
the Sd interface (interface between PCRF and TDF) related to application detection, enforcement control
and usage monitoring, the following additional modifications were defined under ABC (Application Based
Charging):

Support of application based charging includes corresponding charging functionality and extensions to Sd
interface to handle charging, including ADC Rules extensions to include all charging control related
parameters provided by the PCRF, and Gyn/Gzn interfaces between the TDF and the OCS/ Offline
Charging System (OFCS). The major features supported by this enhancement are:

e Apply charging for network usage per detected application in the system when TDF performs
application detection, according to rules received from the PCRF

e Both online and offline charging can be supported

e In case of Event based charging, it can be configured at TDF, per each Application Identifier,
which event to count

e Applicable also when the TDF applies enforcement actions to the detected application's traffic:
gating, bandwidth limitation and redirection and the corresponding charging can be provided
properly (e.g., gated traffic is not to be counted)

121 3GPP TR 26.906.

4G Americas | Mobile Broadband Evolution Towards 5G: 3GPP Rel-12 & Rel-13 and Beyond | June 2015 103



Apply different rates and charging models per detected application in case of roaming

Apply different rates and charging models based on the location of a user, beyond the granularity
of roaming, and/or Time of the Day

Apply a separate rate to the network usage for a specific detected application, e.g., allow the user
to access an application deemed by the operator as no charge and another application with a rate
causing a charge

Enforce per-detected application usage limits for the network usage by an application using
online charging on a per user basis

Set and send the thresholds (time and/or volume based) for the amount of remaining credit per
detected application

The charging system maintains the tariff information, determining the rate based on the above
input

The PCC architecture is also enhanced for Broadband Access Interworking (BBAI) EPC-routed
traffic scenario.

Figure 3.29 shows the enhanced solution architecture (non-roaming case) as per TS 23.203:
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Figure 3.29. Enhanced PCC logical architecture (non-roaming) when SPR is used.

The requirements for Application Based Charging (ABC) have been documented in the Rel-12 TS 23.203
and a number of Stage 3 specifications are expected to be updated in Rel-12 time frame.
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Time Based Usage Monitoring

Up to Rel-11, standards support only volume-based usage monitoring. The time-based usage monitoring
is a new feature in Rel-12, which supports the following:

e The usage monitoring thresholds set by the PCRF are based either on time, or on volume.
o The PCRF may send both thresholds to the PCEF or TDF per each Monitoring key

o The PCEF or TDF notify the PCRF when a threshold is reached and report the
accumulated usage since the last report

o If both time and volume thresholds were provided to the PCEF or TDF, the accumulated
usage is reported when either the time or the volume threshold is reached. For example,
if the volume threshold is reached, the consumed time is reported as well

o In order to continue combined volume and time measurements, the PCRF provides a
new time threshold along with a new volume threshold

e Usage Monitoring Congestion handling defined in Rel-11 is enhanced with Time-based Usage
Monitoring: When the Monitoring time occurs, the accumulated volume and/or time usage can be
recorded by the PCEF/TDF and:

o If the subsequent usage threshold value is provided, the usage threshold is reset to this
value by the PCEF/TDF

o Otherwise, the usage threshold is set by the PCEF/TDF to the remaining value of the
threshold previously sent by the PCRF (i.e., excluding the accumulated usage)

o The first usage report after the Monitoring Time was reached will indicate the usage up to
the Monitoring time and usage after the Monitoring time

e Inactivity Detection Time: The PCRF may indicate to the PCEF/TDF the Inactivity Detection Time
(the time interval after which the time measurement shall stop for the Monitoring key, if no
packets are received belonging to the corresponding Monitoring key during that time period)

o Time measurement will resume on receipt of a further packet belonging to the Monitoring
key

e If an Inactivity Detection Time value of zero is provided, or if no Inactivity Detection Time is
present within the usage monitoring information provided by the PCRF, the time measurement is
continuous

Features (information elements) and procedures for volume and time-based usage monitoring have been
documented in the Rel-12 TS 23.203 and TS 29.212.

3.4 RELEASE INDEPENDENT FEATURES

Some work in 3GPP is considered ‘release independent,” however, the work is essential to the successful
technology evolution and standards development. One very important release independent category is
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spectrum management. As regulators in various countries reallocate spectrum for mobile radio use, the
3GPP standards organization continuously updates and adds corresponding new frequency bands.
While new frequency bands and carrier aggregation schemes are introduced in a particular release, they
may be used in UEs which otherwise implement an earlier release. These additional bands are
completed in “point releases” not just the whole numbered releases. Consequently, allowing frequency
band support to be a release independent feature speeds the deployment of new spectrum and allows
terminal and base station manufacturers to support various frequency bands without needless delay and
having to otherwise upgrade entire terminals’ or base stations’ features to the latest release level.

Rel-12 has specifically added five new bands as indicated in Table 3.4.

Table 3.4. New Frequency Bands Scheduled to be Added in Rel-12.

. Work Item
Frequency Band Description

Description Document

LTE for 700 MHz Digital Dividend (FDD) band 28 RP-110875
LTE in the US Wireless Communications Service (WCS) band | 30 RP-130843
Introduction of LTE 450 MHz band in Brazil 31 RP-121414
LTE for 700 MHz Digital Dividend (TDD) band 44 RP-110875
L-band for Supplemental Downlink in E-UTRA and UTRA 32 RP-140092

Rel-12 brings the total of all release independent bands up to 44 identified for UTRA/EUTRA, as
tabulated in Appendix A in this paper. There are historically about three new bands added each year but
with Rel-12 there has been explosive growth in the number of newly defined bands and newly defined
Carrier Aggregation combinations.

For Carrier Aggregation, with the advent of a large nhumber of band combinations and of arbitrary 2 DL
and 2 UL component carriers, Intermodulation (IMD) products can easily desensitize the receiver when
the component carriers are harmonically related; hence, 3GPP has designated five classes of self-
interference behavior to ease the standardization:

e Al: Low-high band combinations without harmonic relationships between bands or
intermodulation problems

e A2: Low-high band combinations with harmonic relationships between bands
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e A3: Low-low or High-high band combinations without intermodulation problems (low order Inter-
Modulation Products, IMPSs)

e A4: Low-low, low-high, or high-high band combinations with intermodulation problems (low order
IMPs)

e Ab: Combinations except for Al through A4

For example, Band 17’s 3" harmonic UE transmissions are in Band 4’s downlink band where it can
desensitize reception, so it is designated as A2 as are CA_B4+B12, CA_B3+B8 (See Appendix A).

3GPP Rel-10 is the first release to support CA. It defines a limited variety of CA configurations, including:
contiguous intra-band CA for band 1 (FDD) and band 40 (TDD) named CA_1C and CA_40C respectively;
and an inter-band CA between bands 1 and 5, named CA_1A-5A.

3GPP Rel-11 offers many more CA configurations, including non-contiguous intra-band CA and band 29
for inter-band CA, which is also referred as supplemental DL. Band 29 is a special FDD band in Rel-11
that has only a DL component and no UL component. The intention is that this band is available for
bandwidth expansion only and holds the functionality of DL Secondary cell (SCell).

Rel-12 will include CA of FDD and TDD frequency bands, as well as support for aggregating two UL CCs
and three DL CCs. Note that even though certain CA combinations are specified in later releases, these
are release independent and can be supported from previous releases’ equipment due to backward-
compatible signaling.

Figure 3.30 presents the 3GPP Release Status for Carrier Aggregation as of September 2014. Figure
3.31 presents the CA bands in Rel-10 and Rel-11 and Figure 3.32 presents the CA bands in Rel-12 as of
September 2014. Complete Rel-12 frequency band and CA information can be found in Appendix A.

In Figure 3.32, the CA bands with three downlink component carriers supported by a single uplink carrier
are also listed and they reflects the overwhelming preponderance of downlink traffic in today’s typical
wireless data network and the need for additional downlink capacity to serve it. This ability to serve typical
traffic patterns with appropriate combinations of uplink and downlink blocks of spectrum is a major appeal
of Carrier Aggregation and is driving the rapid adoption of this capability.
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Figure 3.30. 3GPP Release Status for Carrier Aggregation.
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Carrier Aggregation bands in 3GPP Rel-11
Inter-band CA (2DL/1UL):

CA Band E-UTRA operating band Requested by
CA_1-19 1+19 NTT DOCOMO
CA_3-7 3+7 TeliaSonera
CA_4-13 4+13 Verizon Wireless
CA_4-17 4+ 17 AT&T
CA_7-20 7+20 Orangeetal
CA_5-12 5+12 US Cellular
CA_4-12 4+12 Cox Communication
CA _2-17 2+17 AT&T
CA 4-5 4+5 AT&T
CA 5-17 5+17 AT&T
CA_3-5 3+5 SKTelecom
CA_4-7 4+7 Rogers Wireless
CA_3-20 3+20 Vodafone
CA_8-20 8+20 Vodafone
CA _1-18 1+18 KDDI
CA 1-21 1+21 NTT DOCOMO
CA_11-18 11+18 KDDI
CA 3-8 3+8 KT
CA_2-29 258129 AT&T
CA_4-29 4+29 AT&T

Intra-band contiguous and DL non-contiguous CA:

CABand

E-UTRA operating band Requested by

Figure 3.31. 3GPP Carrier Aggregation Bands in Rel-10 and Rel-11.
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Carrier Aggregation bands in 3GPP Rel-12
Inter-band CA (2DL/1UL):

Carrier Aggregation bands in 3GPP Rel-12

Intra-band contiguous CA:

Carrier Aggregation bands in 3GPP Rel-12
Inter-band 3DL CA (including intra-band non-contiguous CA):

CABand E-UTRA operating band

Intra-band DL non-contiguous CA:

Requested by

CABand E-UTRA operating band

Inter-band TDD-FDD CA (2DL/1UL):

Requested by

CABand E-UTRA operating band Requested by
CA 8-40 8+40 KT

CA 1-42 1+42 NTT DOCOMO
CA_19-42 19+42 NTT DOCOMO

Carrier Aggregation bands in 3GPP Rel-12

Inter-band 2 UL CA:

CABand E-UTRA operating band Requested by CABand E-UTRA operating band Requested by

CA 1-3-5 1+3+5 SKTelecom TBD TBDin Dec 2014
CA 1-3-8 1+3+8 KT

A _1-3-1 1+3+ 1 NTT DI M
SA 1_2_23 1+§+ 28 Vod‘igﬁe — Intra-band non-contiguous 2 UL CA:
CA 1-5-7 1+5+7 LGU + CABand E-UTRA operating band Requested by
CA 1-7-20 1+7+20 Vodafone
CA 1-19-21 b i) 2k 2L NTT DOCOMO
CA 1-42-42 1+42+42 NTT DOCOMO
CA 2-2-13 2+2+13 Verizon Wireless
CA 2-4-4 2+4+4 TMO-US
CA 2-4-5 2+4+5 US Cellular
CA 2-4-13 2+4+13 Verizon Wireless
CA 2-5-12 2+5+12 US Cellular
CA_2-5-30 2+5+30 AT&T
CA 2-12-12 2+12+12 AT&T
CA 2-12-30 2+12+30 AT&T
CA 2-29-30 2+29+30 AT&T
CA 3-37 SEISERT TeliaSonera
CA 3-7-7 3+7+7 Orange, Deutsche Telekom
CA 3-7-20 3+7+20 Vodafone
CA 4-4-12 4+4+12 TMO-US
CA 4-4-13 4+4+13 Verizon Wireless
CA 4-5-12 4+5+12 US Cellular
CA 4-5-30 4+5+30 AT&T
CA 4-12-12 4+12+12 AT&T
CA 4-12-30 4+12 +30 AT&T
CA 4-29-30 4+29 +30 AT&T
CA 19-42-42 19+42 +42 NTT DOCOMO

Figure 3.32. 3GPP Carrier Aggregation Bands in Rel-12.

As previously mentioned, complete information of Rel-12 UTRA/EUTRA frequency bands and CA
combinations is captured in Appendix A.
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4 STATUS OF 3GPP RELEASE 13: HSPA+ AND LTE-ADVANCED

4.1 E-UTRAN/LTE-ADVANCED ENHANCEMENTS

|4.1.1 ACTIVE ANTENNA SYSTEMS (AAS)

Active Antenna Systems (AAS) introduce an alternative antenna system from the one installed in a
conventional Base Station (BS). An AAS BS uses multiple transceivers on an antenna array to produce a
radiation pattern that can be dynamically adjusted. Compared to the conventional Base Station with
traditional antenna, an AAS BS can offer a host of benefits:

e System capacity and performance gains by employing flexible cell split (vertical or horizontal)
and/or beamforming, and by the elimination of the cable loss

¢ Improved system optimization by meeting new traffic demands and network evolution through
adaptive software reconfiguration which would lead to reduce operation expenses and simplified
site engineering

These benefits have motivated companies in 3GPP to start studying the specification feasibility of AAS
Base Station in Rel-11. The study was completed in early 2012 and a new work item for Rel-12 was
approved, which was subsequently moved to Rel-13. The main objective of the Work Item is to identify
the RF requirements that may be needed for an AAS BS specifications and the necessary conformance
testing derived from those RF requirements.

Both the transmitter and receiver Radio Frequency (RF) properties are considered during the study and
Work Item. Specifically for the transmitter requirements, the spatial selectivity of an AAS BS is compared
to the conventional BS for the Adjacent Channel Leakage Ratio (ACLR) and the unwanted in-band/out-
band emissions. At the receiver side, the AAS may experience different spatial selectivity compared to
fixed beam antennas since the AAS system does not achieve full spatial selectivity until after digital
baseband processing of the multiple elements in the array. In other words, the effective power level of the
interferer UE is higher due to the lack of multi-element pattern and hence may impact the receiver in-band
blocking requirements. Other requirements such as output power and receiver sensitivity are also being
considered.

The interactions between the antenna array system and the transmitters and receivers within the AAS are
different from the conventional BS and the conventional antenna system. An abstract logical
representation of the AAS radio architecture is shown in Figure 4.1.
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Figure 4.1. AAS Radio Architecture. The main components consist of the Transceiver Unit Array (TXRUA), Radio
Distribution Network (RDN) and the Antenna Array (AA).*?

The radio architecture is represented by three main functional blocks, the Transceiver Unit Array
(TXRUA), Radio Distribution Network, (RDN), and Antenna Array (AA). The Transceiver Units (TXRU)
interfaces with the base band processing within the eNodeB.

The Transceiver Unit Array consists of multiple Transmitter Units (TXU) and Receiver Units (RXU). The
Transmitter Unit takes the baseband input from the AAS Base Station and provides the RF TX outputs.
The RF TX outputs may be distributed to the Antenna Array via a Radio Distribution Network. The
Receiver Unit performs the reverse of the Transmitter Unit operations. The Radio Distribution Network, if
present, performs the distribution of the TX outputs into the corresponding antenna paths and antenna
elements, and a distribution of RX inputs from antenna paths in the reverse direction. The transmitter and
receiver unit can be separated and can have different mapping towards radiating elements.

Some of the central issues being considered in the specifications of AAS BS are briefly summarized
below.

Requirement Reference Points

The requirement reference point is the point at which a core RF requirement is specified. Tests are
defined at test requirement point(s), and the criteria for passing the test which verify the core RF
requirements are the test requirements. Two main approaches are currently being evaluated for the
requirement reference points: Approach 1 is to define the requirements at the boundary of the transceiver
and Approach 2 is to define the requirements at the far field. Approach 1 corresponds to conducted
requirements as currently supported in legacy non-AAS Base Station at the antenna connector. For the
case of AAS BS, the conducted requirements may be adapted and can be based on the output of a
combiner that combines the outputs of all of the transceivers or may be at each transceiver individually.
Approach 2 defines new requirements at the spatial domain in the far field. While many details for both
approaches are still being discussed and studied in 3GPP, it has been discovered that the minimum
requirements for AAS BS radiated transmit power should be placed on one or more manufacturer
declared beam(s) that are intended for cell-wide coverage.

122TR37.842: Radio Frequency (RF) requirement background for Active Antenna System (AAS) Base Station (BS)
(Rel-13).
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The minimum requirement for radiated transmit power will be on the accuracy with which declared
Equivalent Isotropic Radiated Power (EIRP) level is met. The number of AAS declared beams is for the
manufacturer to declare.

For the uplink requirements, the Over-the-Air sensitivity requirement applies to the AAS BS operating as
a system (i.e., including combining of received signals from all active receivers). The received signal level
is given by the Equivalent Isotropic Sensitivity (EIS) power level. Studies are still progressing on the
methodology for the minimum requirement for the EIS level (i.e., absolute or declared requirements).

Testing Methodologies

Multiple measurement setups capable of testing an AAS BS, such as Conducted Test, Over-the-Air Test,
Coupling Test, Combined Test, and etc. have been proposed and considered. Considerations have also
been given to the scenario when an AAS BS design does not support access to the antenna connectors
for conductive tests, radiated tests can be the alternative. Use of more than one measurement setup is
therefore not precluded if the same level of measurement accuracy and compliance can be ensured.
Analysis is still ongoing to support test requirements that are either at the transceiver array boundary or at
the far field.

The Work Item is currently ongoing with scheduled completion in Rel-13.

|4.1.2 SELF-OPTIMIZING NETWORKS (SON) FOR ACTIVE ANTENNA
|SYSTEI\/I (AAS) DEPLOYMENTS

Active Antenna Systems (AAS) allow the creation of multiple vertical and horizontal (or combination)
beams making the cell deployment dynamic. This enables dynamic cell splitting/merging to handle
changing load conditions in the cell. For example, beams may be steered to distribute capacity precisely
according to actual traffic mix, traffic location and user demands. That makes active antennas particularly
good for suburban and rural areas where fixed deployment of pico/small cells is expensive; however, the
network may face congestion situations and user demand varies intermittently.

The realization of the AAS based system is already possible even without any standardization support
(based on the OAM controlled reconfigurations). However, OAM based reconfiguration limits the real
benefits in case reconfiguration is required on a shorter time scale and also in the case of inter-vendor
deployments. Frequent AAS reconfigurations will result in dynamic deployment changes that require
standardization support based on distributed eNB logic. Because of that, additional information is needed
to be exchanged between eNBs. The operation period of the AAS has impact on the network stability.
Short operation periods of cell splitting/merging are more challenging to fine tune the parameters, such as
the mobility and RF parameters, among others.

The Rel-12 study of SON for AAS (completed in June 2014) was focused on evaluating whether a SON
mechanism could be beneficial to optimize inter-operability in case of AAS operations. Also, as part of the
study, impacts on the existing SON features due to dynamic changes from AAS activities have been
performed. Three AAS techniques shown in Figure 4.2 have been considered during the study:

e Beam forming: Beam forming is the functionality that optimizes the shape of the antenna beam
patterns to better cover the intended service area to improve the coverage and decrease the
interference. In general, beam shaping does not increase the number of radio resources but
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changes the distribution. Focusing beams of certain areas optimizes radio propagation for that
area(s) on the expense of the remaining part of the cell. The same Physical Cell ID (PCI) is used
in all the cell coverage. These adjustments are considered to be on a fast time scale.

o Problems related to existing SON features or enhancements needed: none (intra-cell
activity).

e Cell shaping: The cell shaping solution introduces adaptive or reconfigurable antenna systems
where the main coverage of each cell is maintained unchanged but the cell edge can be adapted
to load demand. The trigger for the change may be OAM reconfiguration (e.g., based on collected
Key Performance Indicators (KPIs)) or the control unit may be the base station (implementation
based). These adjustments are considered to be on a medium time scale (every hour or more
seldom). The same PCl is used in all the cell coverage.

o Problems related to existing SON features or enhancements needed: depending on the
scale of the change, MRO (Mobility Robustness Optimization) may be impacted.

e Cell splitting: The solution adopts higher order sectorization (vertical, horizontal or a
combination) to selected base stations by changing an antenna system to include more antenna
beams, each covering a smaller area than before the change. However, the main coverage of the
combined beams correspond to the main cell coverage before the split. Cell splitting can be seen
as a special case of beam shaping with creating new cells and thus nearly doubling radio
resources. Cell splitting results in a cell densification which is typically the network planning
method for areas where high traffic density is expected. Each of the beams broadcasts different
PCls.

The trigger for the change may be OAM reconfiguration (e.g., based on collected KPIs) or, if the
cell coverage is not affected and the split is pre-planned, the control unit is the base station
(implementation based). Cell splitting is typically performed to cope with the high traffic where the
coverage of the involved cell may shrink while a new cell may be generated. When the traffic
eased off, cell merging may be performed. Cell splitting/merging procedures are considered on a
long term time scale (hours to few times a day).

o Problems related to existing SON features or enhancements needed: MRO
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Figure 4.2. SON mechanism for AAS.'®
Impacts on Exiting SON Features

During the Rel-12 study, the impact and possible ways to limit the impact on existing SON functionalities
in multi-vendor scenarios has been studied. For example, MRO is used to optimize mobility parameters.
This optimization is normally assumed to be done for a static coverage scenario, or at least a scenario
with infrequent changes to the coverage. An example is an AAS operation, where the coverage changes
dynamically occur when cells split or merge, resulting in quick and frequent changes to the coverage of
the cells. MRO could probably be given enough time adjust to the new coverage scenario, but in the
meantime (while MRO is trying to find the optimal point), the mobility parameters will not be adjusted
properly due to cell split/merge which may lead to increased mobility failures. Similarly, the PCI
assignment may be complicated when using AAS to split cells since OAM needs to guarantee that the
PCI used in the different configurations does not introduce a conflict in its neighborhood. Likewise, ANR is
used to identify neighbor cells. In case AAS is used, additional inter-eNB signaling may be needed to
inform about configuration change (merge/split).

The Rel-13 work item focused on ensuring the connection continuity and adapting the existing SON/MRO
principles during the dynamic deployment changes due to AAS-based deployments without impacting the
RRM mechanism. This will be achieved by X2 signaling. eNB triggering AAS (cell splitting/merging)
informs its neighbor eNBs over the X2 interface before the planned AAS reconfiguration (cell
splitting/merging) is executed which would resolve the potential problems related to SON for AAS-based
deployments. This also avoids the potential RLF, handover failure and re-establishment failure since the
neighbor eNBs are notified about the planned AAS deployment change (i.e., split/merge) in advance.

This Rel-13 Work Item is ongoing with scheduled completion in June 2015.

123 TR36.897: Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE.
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|4.1.3 ELEVATION BEAMFORMING (EBF) AND FULL DIMENSION (FD)
|MULTI-INPUT MULTI-OUTPUT (MIMO)

The Study Item of Elevation Beamforming and Full Dimension EBF/FD MIMO in Rel-13 aims to
understand the performance benefits of standards enhancements targeting two-dimensional antenna
array operation with eight or more transceiver units (TXRU) per transmission point, where a TXRU has its
own independent amplitude and phase control. 3GPP is currently evaluating the potential benefits of
EBF/FD MIMO using newly developed 3D channel models. Detailed working progress of EBF/FD MIMO
Sl can be found in the Technical Report TR36.897.

3D Channel Modeling in 3GPP

The study of 3D channel modeling was initiated in January 2013. Thus far, in all MIMO-related studies for
LTE and LTE-Advanced, a 2D propagation channel has always been assumed where the wireless signal
propagation can be characterized by a number of horizontal-only parameters (e.g., angle of arrival (AoA)
and angle of departure (AoD)). Therefore, an underlying assumption for LTE and LTE-Advanced system
design is that all antenna ports are arranged horizontally. For example, LTE codebooks have been
specifically optimized for horizontally linear antenna arrays. Concurrently, the AAS Work Item, described
in Section 4.1.1.1, has motivated the feasibility of utilizing a 2D antenna array with a Radio Distribution
Network (RDN). While the AAS Work Item focused on the RF performance and conformance, this
EBF/BF Study Item focuses on layer 1 enhancement. Accordingly, the 3D MIMO channel modeling was
introduced in 3GPP prior to the detailed evaluations.

The development of 3D channel modeling in 3GPP is inspired by and extended from the pioneer work of
WINNER II/WINNER+. Up until Rel-13, the 3D MIMO propagation channel models are only limited to two
typical deployment environments: 3D urban macro outdoor (3D-UMa) and 3D urban micro outdoor (3D-
UMi) in order to improve the user experience of indoor and outdoor users with AAS or 2D antenna array.
Both 3D channel models assume a dense urban environment with regular and irregular building
distributions where the building heights are typically distributed between four and eight floors. More
sophisticated 3D environments, for example, 3D indoor channel and 3D channel for high-rise buildings,
have not been studied or are incomplete.

The effect of indoor positioning and UE height has been taken into account in the 3D-UMa and 3D-UMi
channel models. For example, the Line of Sight (LoS) probability for an indoor UE is jointly decided by
both UE horizontal distance and UE height in the 3D-UMa channel model if the UE height is above four
floors. The LoS probability is reduced with the increase of UE horizontal distance but increased with the
UE height. For simplicity, a linear height gain for Non Line of Sight (NLoS) pathloss modeling is
introduced to both 3D-UMa and 3D-UMi channel models where the height gains in 3D-UMa and 3D-UMi
channel models are assumed to be 0.6dB/m and 0.3dB/m, respectively.

The fast fading channel modelling of 3D-UMa and 3D-UMi is a geometry-based stochastic model
extended from WINNERII/WINNER+ and extra elevation channel parameters are introduced; for example,
Zenith Angles of Departure (ZoD) and Zenith Angles of Arrival (ZoA). For simplicity, the zenith angle is
generated independently to the azimuth angle. The joint relationship between zenith angles, azimuth
angles and other channel parameters are modeled by the cross-correlation of large scale parameters with
positive definitive cross-correlation matrix. For the fast fading channel modeling, the effect of indoor UE
and UE height are generally modeled at the transmitter side. For example, the Zenith Spatial Distribution
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(zSD) is modeled with a Laplacian distribution and the mean angle of ZSD is dependent to both UE
horizontal distance and UE height. The mean ZoD may be shifted from the center of clusters so that a
ZoD offset angle is also introduced and jointly determined by both UE horizontal distance and height.

Evaluation Scenarios

Several candidates of deployment scenarios with 2D antenna array have been identified by 3GPP that
include three homogenous scenarios and three heterogeneous scenarios. 3D-UMa homogenous
scenarios are assumed with 500m or 200m inter-site distances (ISD), and 3D UMi homogenous scenario
is assumed with 200m Inter-Site Distance (ISD). Both 2GHz and 3.5GHz carrier frequencies are
considered to be relevant. For the non-co channel heterogeneous scenario, the macro cell layer will
follow assumptions of 3D-UMa homogenous scenario with 2GHz and the small cell layer deployed with
2D antenna array will follow 3D-UMi channel model at 3.5GHz. On the other hand, the small cell layer can
be either the 2D antenna array or the Tx omni-directional array for a co-channel heterogeneous scenario.
Furthermore, the 2D antenna arrays within a small cell layer are dropped randomly. Therefore the
interference among small cells could be severe if the broadsides of antenna arrays face each other.
Bursty traffic like File Transfer Protocol (FTP) with different traffic loadings is assumed for all evaluation
scenarios for more realistic data transmission representation.

2D Antenna Arrays and Modelling

XX X

(M-1,0) (M-1,1) (M-1,N-1)

XX - X

(1,0) (11) (1,N-1)
0,0 0,1) (O,N-1)

Figure 4.3. Antenna array model represented by (M, N, F’).124

A uniformly spaced 2D antenna array is used during the study and generalized as shown in Figure 4.3.
The configuration of a 2D antenna array is given by parameters (M, N, and P) where M is the number of
antenna elements with the same polarization in each column, N is the number of columns and P is the
number of polarization dimensions. Similarly, Mrxry is the number of TXRUs per column per polarization
dimension and Nyxgy is the number of TXRU per row per polarization dimension. A cross-polarized
antenna array is normally assumed during study so that P equals to two. With respect to values of M and
N, for example N= {1, 2, 4, 8, 16} and M = {1, 2, 4, 8}, some selected combinations of (M, N) have been
agreed to be of higher priority. Therefore, a 2D antenna array with (M, N, P) antenna element and (Mrxgu,
Nrxru, P) TXRU eventually represents a certain trade-off among planar dimension, vertical and horizontal
beamforming capability.

124 TR36.897: Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE.
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In summary, modelling of an AAS involves three logical steps. The first step is to model each individual
antenna element in 3D. The second step is to model radio distribution network by TXRU virtualization with
a specific TXRU mapping function between {M, N, P} antenna elements and {Mxru, Ntxru, P} TXRUSs.
Two generic mapping functions, e.g., sub-array partition model and full-connection model, have been
described in the TR 36.897. More sophisticated TXRU virtualization methods, (e.g., 2D virtualization) are
still feasible and may motivate different AAS implementations. The last step is to map each reference
signal or physical channel to one or multiple TXRUs depending on specific implementation and
enhancement, for example whether a single or multiple TXRUs can be mapped into a CSI-RS port.

Candidates Enhancements

To support elevation beamforming or full-dimension MIMO, the eNB needs to know the latest Channel
State Information (CSI) with sufficient accuracy of channel quantization. It is well known that improving
the accuracy of CSI can increase the effective SINR at the UE and mitigate multi-user interference at the
expense of UE measurement complexity and feedback overhead. Several CSI feedback mechanisms for
both FDD and TDD have been evaluated in the RAN1 working group. For example, one category of CSI-
RS and feedback solution is to use beamformed CSI-RS ports. A 2D antenna array may apply specific
vertical precoder to vertical TXRUs per column over CSI-RS ports. Such a precoding procedure remains
to be transparent to the UE. The UE needs to simultaneously monitor multiple CSI-RS resources and
measure and report CSI using a legacy codebook. Vertical precoders can be obtained by uplink sounding
channels or other methods semi-statically updated by the eNB.

Another category of CSI-RS and feedback solution is based on a non-precoded CSI-RS resource whose
configuration is related to specific codebook design for a 2D antenna array and CSI feedback
methodology. The UE can directly use configured CSI-RS resources to measure and quantize a 3D
propagation channel based on pre-defined rules (e.g., codebook and CQI definition). For TDD, the
acquisition of CSI information for a 2D antenna array generally relies on an uplink sounding channel. TDD
specific enhancements with respect to SRS and non-PMI based CSI were still being evaluated at the
writing of this paper.

The study of EBF/FD MIMO mainly focuses on single cell multi-user MIMO operation with a 2D antenna
array. Therefore, other aspects related to multi-user transmission, for example enhancing DMRS port, are
also considered. The rationale is that higher order UE pairing may be more dominant, especially for FD
MIMO, so that more orthogonal or quasi-orthogonal Demodulation Reference Sighal (DMRS) ports are
needed for estimating the demodulation channel. Existing specification can only support up to four UE
pairing with rank one, or two UE pairing with rank two. Different DMRS port enhancement solutions,
including implementation based on UE interference estimation, have been discussed.

3GPP is currently studying all aspects, as described above, for the operation of 2D antenna array
including implementations methods as well as specification enhancements.

4G Americas | Mobile Broadband Evolution Towards 5G: 3GPP Rel-12 & Rel-13 and Beyond | June 2015 117



4.1.4 ENHANCED SIGNALING FOR INTER-ENB COORDINATED MULTI-
POINT (CoMP)

The goal of this work item is to introduce a coordination mechanism to reduce interference between two
eNBs. A CoMP Study Item was initially introduced in 3GPP Rel-11 and its subsequent work item was
completed in December 2012. It is believed that Inter-eNB CoMP can provide better performance by
improving the coverage of high data rates, cell-edge throughput and overall system throughput
coordinated scheduling. In Rel-12 two options were considered. A centralized (master/slave) approach,
where slave eNBs operating in a cluster provide coordination information to a Centralized Coordination
Function (CCF), shown in Figure 4.4 below.

Figure 4.4. Centralized Approach.

One of the challenges with the centralized approach was the introduction of a new node and interface to
be defined. However, the benefit of such a centralized approach has not been shown to justify a new
node/interface. A second option is a distributed (peer to peer) approach, shown in Figure 4.5, where each
eNB exchanges coordination information with its neighbor in a cluster over the existing X2 interface.

Figure 4.5. Centralized Approach.

The best selling point for this approach was ‘re-use’. The fact that the distributed approach suggests
utilizing existing messages (i.e., LOAD INFORMATION) over the X2 interface resulted in its adoption over
the centralized approach. However, it should be noted that the standards shall not preclude centralized
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coordination as an implementation option since specific information exchanged is left to network
implementation.

The load information is exchanged over X2 in a new CoMP Information Element (IE) in LOAD
INFORMATION message shown in Table 4.1.

Table 4.1. Load Information Elements Exchange.

IE/Group Presence | Range | IE type and | Semantics description

Name reference

CoMP 1.. 256

Information

Item

>CoMP M 9.2.75

Hypothesis

Set

>Benefit M INTEGER Value -100 indicates the maximum cost,

Metric (-101..100, and 100 indicates the maximum benefit.

o) Value -101 indicates unknown benefit.

Values from -100 to 100 should be
calculated on a linear scale.

CoMP 0.1

Information

Start Time

>Start SFN | M INTEGER SFN of the radio frame containing the first

(0..1023, ...) [ subframe when the CoMP Information IE

is valid.

>Start M INTEGER Subframe number, within the radio frame

Subframe (0.9, ...) indicated by the Start SFN IE, of the first

Number subframe when the CoMP Information IE
is valid.

In a possible implementation, an eNB 1 sends an X2AP: LOAD INFORMATION message to its
neighboring eNB 2 including ‘coordination information’. eNB2 makes its resource allocation decisions
based on the information provided by its neighbor and responds back to eNB 1 with resource allocation
decisions. Any additional resource allocation decisions made by either eNB takes into account the
information exchanged over X2 from their neighbors. The call flow in Figure 4.6 captures this scenario.
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Figure 4.6. Example of Load IE Exchange over X2.'®
Another change approved in LTE Rel-12 was the exchange of RSRP measurement reports of individual
UEs over X2 interface in the X2AP: RESOURCE STATUS UPDATE message. The status update can be
exchanged among eNBs over X2 with configurable reporting interval of 120ms, 240ms, 480ms or 640ms.
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Figure 4.7. Example of Resource Status Update IE Exchange.'?®

In LTE Rel-13, a new work item “Enhanced Signaling for Inter-eNB CoMP” was approved with a target
completion date set for June 2015. Some of the work item objectives are briefly described next.

The ‘Relative Narrowband Tx Power (RNTP)’ IE is exchanged among eNBs over X2 in X2AP: LOAD
INFORMATION message. The purpose of this IE is to provide on a per PRB basis, whether the downlink
transmission power is lower than the value indicated by the RNTP Threshold IE. The receiving eNB may
take such information into account when setting its scheduling policy and will consider the received RNTP
IE value valid until reception of a new LOAD INFORMATION message carrying an update. A possible
enhancement of the Rel-13 work item is to extend RNTP signaling in the time domain. Other
enhancements include UE CSl information (RI, CQI).

125 TR 36.423 — X2 Application Protocol.
2% Ibid.
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Figure 4.8 summarizes the enhancements to inter-eNB CoMP as part of Rel-13.
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Figure 4.8. Enhancements to inter-eNB CoMP as part of Rel-13.
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The Rel-13 work item is currently progressing and further updates will be needed after its completion.

4.1.5 FURTHER LTE PHYSICAL LAYER ENHANCEMENTS FOR MACHINE
TYPE COMMUNICATION (MTC)

The general aim of the work is to specify a new UE for MTC operation in LTE that also allows for
enhanced coverage compared to existing LTE networks and low power consumption.

The main target areas and enhancements are summarized below.

Introduction of a new Rel-13 low complexity UE category/type for MTC operation: to be applied in any
LTE duplex mode (full duplex FDD, half duplex FDD, TDD), based on the Rel-12 low complexity UE
category/type supporting the following additional capabilities:

e Reduced UE bandwidth of 1.4 MHz in downlink and uplink
e Reduced maximum transmit power
e Reduced support for downlink transmission modes
e Further UE processing relaxations can also be considered.
Coverage improvement: corresponding to 15 dB for FDD - is targeted for the UE category/type defined

previously, and other UEs operating delay tolerant MTC applications (relative improvement with respect to
their respective nominal coverage).
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Solutions for the coverage enhancement should minimize divergence between the new UE category/type
and other UEs. Furthermore, the work with the physical layer control signaling (e.g., EPDCCH) and higher
layer control signaling (e.g., SIB, Random Access Response and paging messages) should aim for a high
level of commonality between the solutions for the new Rel-13 low complexity UEs and the solutions for
coverage enhanced UEs.

Power consumption reduction: for the UE category/type defined above, both in normal coverage and
enhanced coverage, to target ultra-long battery life. Few main aspects, agreed as part of the work
objectives are:

e Both solutions for the Rel-13 low complexity UEs and those for coverage enhanced UEs should
try to reduce active transmit/receive time (e.g., minimizing the required number of repetitions by
minimizing sizes of control messages)

e Moadification, including redesign, addition or removal, of signals/channels can be considered if it
can achieve significant power consumption reduction

¢ Reduction of measurement time, measurement reporting, feedback signaling, system information
acquisition and synchronization acquisition time etc., can be considered if it can achieve
significant power consumption reduction

Half duplex FDD, full duplex FDD, and TDD should all be supported, but the solutions specified within this
work item should be optimized for half duplex FDD and TDD. Reduced mobility support may also be
considered if needed to fulfill the above objectives.

127

The standardization effort started in September 2014™°" and was in progress at the writing of this paper.

4.1.6 INDOOR POSITIONING ENHANCEMENTS

The Indoor Positioning Study Item was initiated in September of 2014 with the goal of analyzing potential
enhancements that would improve positioning both indoors and in other challenging environments. The
motivation for the study is driven by the observation that mobile devices are used increasingly indoors. In
the U.S., the FCC has recognized this and in January of 2015 issued the Fourth Report and Order on
Wireless E911 Location Accuracy Requirementslzg. In short, this order requires that wireless providers
provide either a dispatchable location or an x/y location within 50 meters for 80 percent of all wireless 911
calls within six years. In addition, within eight years, wireless providers must deploy dispatchable location
or z-axis technology that meets yet undetermined z-axis accuracy metric. Further, there are several
interim benchmarks that must be met before the final six and eight year requirements. It should be noted
that the current Study focuses on methods that provide x/y/z-axis and not dispatchable location.

The difficulty posed by indoor positioning is two-fold. First, indoor penetration losses, which can be 20 dB
or more, make it difficult to acquire enough measurements to estimate position. This is particularly true
with weak GNSS signals but can also be problematic for terrestrial based systems, such as LTE’s
Observed Time Difference of Arrival (OTDOA) positioning method. Second, large buildings are three
dimensional and an accurate position estimate requires an estimate of the z-coordinate. The geometry of

127 RP-141660: Further LTE Physical Layer Enhancements for MTC.
128 ECC Fourth Report and Order In the Matter of Wireless E911 Location Accuracy Requirements, PS Docket No. 07-114.
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macro cellular deployments is often such that most of the emitters are on a similar vertical plane. This
makes for very poor positioning geometry and large errors in the z-coordinate position estimate. The
situation should be significantly improved with small cells, but it is not realistic to expect small cells to be
deployed in all indoor locations.

The study scope includes performance evaluations of existing technologies, such as OTDOA, followed by
an evaluation of enhancements that improve indoor positioning accuracy. These enhancements are not
limited to 3GPP radio signals as the Study Item explicitly calls for analysis of radio access technology
independent solutions. The status of the Study Item can be found in TR 37.857.

Evaluation Scenarios

At this stage in the Study Item, two cases have been specified for the purpose of characterizing the
performance of OTDOA and Uplink Time Difference of Arrival (UTDOA) in indoor environments. Case 1
is a macro cell plus outdoor small cell deployment scenario and Case 2 is a macro cell plus indoor small
cell deployment scenario. In both cases the outdoor macro cells have a hexagonal layout with 500 meter
intersite distance. The pathloss, shadowing, and fast fading follow the 3D-UMa model. For Case 1, the
small cells are dropped in clusters of size 0 (the macro only scenario), 4 or 10 within each macro cell
coverage area. The pathloss, shadowing, and fast fading follow the 3D-UMi model. For Case 2, the
small cell layout follows the single strip model with four cells per floor with a total of four floors. Because
such a layout yields excellent vertical positioning for in-building UEs (a simple cell ID positioning scheme
should give the correct floor in nearly all cases), a Case 2a scenario has been added that uses the dual-
strip model and allows for small cells to be placed randomly on two of the four floors. Both these
scenarios use the ITU InH model for pathloss and shadowing when the UE is located in the same building
as the small cell. The ITU UMi pathloss model is used for outdoor UEs and UEs in different buildings.
Fast fading follows the ITU InH and ITU InH NLOS models for indoor and outdoor UEs respectively.

Parameters specific to OTDOA and UTDOA have also been specified. Of interest for OTDOA is the idea
of PRS boosting that is allocating all eNB power to PRS. This is possible since PRS is the only signal
transmitted during the subframe in which it occurs. In some respects, this is an enhancement as it is not
specified in the technical standards today. However, there isn’t any reason one couldn’t implement such
eNB behavior today.

Enhancements

Although the Study Item is still in the stages of evaluating performance of existing technologies, some
ideas have been presented to improve location performance. Some of these include Wi-Fi, barometric
pressure, collaborative positioning, and terrestrial beacon systems.

Wi-Fi is an attractive option as access points are pervasive. A simple cell ID positioning estimate should
prove reasonably accurate. The potential downside of Wi-Fi positioning is the reliability of the underlying
Wi-Fi database, as it is an unmanaged network.

Barometric pressure is also of great interest as it can greatly aid in the determination of the z-coordinate
estimate. In fact, the FCC has recognized this and in the Fourth Report and Order makes it mandatory
for operators to provide to the Public Safety Answering Point (PSAP) uncompensated barometric
pressure for devices that support it. However, estimating the z-coordinate from barometric pressure is not
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without issue. A reference network needs to be established to compensate for changing weather
patterns. Further, mechanisms need to be found that compensate for differences in pressure between
indoors and outdoors due to heating and cooling systems — the so called “Stack Effect’. Also there’s the
guestion of how to map z-coordinate to a building floor.

Collaborative positioning is when multiple UE’s work together to improve the location performance. In
such a situation a measurement that ties the relative position between UEs together is needed. For
example a round trip time measurement between devices would indicate their relative distance from one
another. The downside is that devices need to be rather advanced and support mechanisms such as
device to device communication.

The Terrestrial Beacon System (TBS) approach is to deploy a network of beacons that broadcast signals
with significant commonality to GPS signals, thus augmenting the GPS constellation. Such an approach
in principle can overcome the significant problem of in-building penetration suffered by GPS signals. TBS
can be judiciously deployed in urban areas where in-building location is most problematic, however, it is
still expected that a large number of beacons would be required to cover a region as large as the U.S.

4.1.7 LICENSED ASSISTED ACCESS (LAA) USING LTE

Spectrum is fundamental for wireless communication, and there is a never-ending quest for more
spectrum to meet the challenges of increased capacity demands and higher data rates.

The two most common types of spectrum are licensed and unlicensed spectrum. Licensed spectrum,
where the operator has an exclusive license for a certain frequency range, is used by LTE as well as
other cellular systems. Licensed spectrum is key to superior performance and essential for QoS, as the
operator can control the interference situation in the network.

Unlicensed spectrum, on the other hand, is free but subject to much more unpredictable interference
situations. QoS and availability cannot be guaranteed. On its own, unlicensed spectrum is thus less
suitable for providing wide-area coverage and a superior user experience.

To ensure good end-user experience, it is important that network solutions using unlicensed spectrum are
deployed either together or as complement to networks deployed with licensed spectrum. Licensed
Assisted Access provides a solution that use LTE technology in the unlicensed spectrum, tightly coupled
with LTE in licensed spectrum.

LTE Primary Carrier LTE Secondary Carrier
Licensed Spectrum Unlicensed Spectrum
- |
2

Figure 4.9. Carrier Aggregation with licensed and un-licensed bands.
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In RAN Plenary #65 (September 2014), 3GPP initiated a study on Licensed Assisted Access in Rel-13.
The study investigated LAA by using the carrier-aggregation framework already present in LTE. The
solution uses carrier aggregation operation with one or more low power SCells operating in unlicensed
spectrum and is either downlink only or contains both uplink and downlink. Studied LAA deployments
covers scenarios with and without macro coverage, both outdoor and indoor small cell deployments, and
both co-location and non-co-location (with ideal backhaul) between licensed and unlicensed carriers.

The Study investigates 4 deployment scenarios:

e Scenario 1: Carrier aggregation between macro cell with licensed F1 and small cell with
unlicensed F3

e Scenario 2: Carrier aggregation between small cell with licensed F2 and small cell with
unlicensed F3, without macro cell coverage

e Scenario 3: Macro cell and small cell with licensed F1, with carrier aggregation between small
cell with licensed F1 and small cell unlicensed F3

e Scenario 4: Licensed macro cell (F1), licensed small cell (F2) and unlicensed small cell (F3), with
Carrier aggregation between licensed small cell (F2) and unlicensed small cell (F3). If there is
ideal backhaul between macro cell and small cell, there can be carrier aggregation between
macro cell (F1), licensed small cell (F2) and unlicensed small cell (F3)

Mobility, critical control signaling and services demanding high QoS rely on carriers in the licensed
spectrum while (parts of) less demanding traffic can be handled by carriers using unlicensed spectrum.
This enables LAA to use carriers in licensed spectrum to assist the access to unlicensed spectrum.

One important aspect of LAA is the fair sharing of the unlicensed spectrum with other operators and other
systems such as Wi-Fi. The study considers several mechanisms that enable and extensive simulation
and validation testing is providing input to the study. First, the LAA node searches and finds a part of the
unlicensed spectrum with low load, thereby avoiding other systems if possible. If no free channel is found,
LAA will specify the algorithm share the channel with other technologies, or other LAA deployment. Rel-
13 will also include a listen-before-talk mechanism, where the transmitter ensures there are no ongoing
transmissions on the carrier frequency prior to transmitting.

A pre-Rel-13 version of LTE-U has been developed and published by the LTE-U Forum. This is based on
3GPP Rel-10 specification complemented with co-existence functionality that was developed by the LTE-
U Forum.

[4.1.8 CARRIER AGGREGATION (CA) ENHANCEMENTS

Carrier aggregation was first introduced in Rel-10, allowing operators to use their spectrum assets more
efficiently to boost user throughputs and increase capacity. Currently, with aggregation of up to five
carriers, bandwidths up to 100MHz are supported. However, in the 5GHz bands considered for LAA,
there is already room for even larger bandwidths. More licensed spectrum is also expected to become
available, for example in the 3.5 GHz band, which can be used to increase network capacity and meet
traffic growth.
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In Rel-13, the carrier aggregation framework will be extended to handle up to 32 carriers. The
enhancements include specifying control signaling for up to 32 component carriers for both uplink and
downlink. Modifications to UCI feedback are also needed.

The enhancements mean that, in principle, LTE terminals will be able to handle bandwidths up to 640
MHz, part of which can be located in unlicensed spectrum. Accompanied with latency reductions, this will
enable tremendous data rates — also in combination with higher-layer protocols such as TCP.

4.1.9 DOWNLINK MULTI-USER SUPERPOSITION TRANSMISSION (MUST)

A new Study Item was initiated in March 2015 to investigate the benefits of downlink Multi-user

Supposition Transmissions (MUST), a concept of joint optimization of multi-user operation from both the
transmitter and receiver’s perspective. The objective of this study is to investigate the potential gain of
schemes enabling simultaneous transmissions of more than one layer of data for more than one UE
within one cell without time, frequency and spatial layer separation.

This concept may have a potential to further improve multi-user system capacity while orthogonal beams
and layers from a cell are limited so that more than one layer of data transmission in a beam using
superposition coding becomes beneficial. The details of superposition coding are for further study, but an
advanced receiver with successive interference cancellation capability is commonly assumed.

In a practical deployment, the distribution of the users in a given cell can be arbitrary where a larger
difference of distances between the base station and different users can result in different path losses,
(i.e., near-far effects). For example, in a typical mobile environment where the path loss exponent is
about four, the difference of the path losses will be 40 decibels (dB) between a user 5 km away from the
BS and another user 500 meters away from the BS. The superposition coded-multiplexing principle
essentially leverages the large different path losses between different users with base stations in a cell by
increasing the number of sub-channels or spatial reuse in a cell. Therefore the aggregate data rate of the
downlink can be improved and higher spectrum efficiency than the orthogonal multiplexing schemes can
be achieved at the expense of UE decoding complexity.

This Study Item is expected to be completed by the end of 2015.

4.1.10 RADIO ACCESS NETWORK (RAN) ASPECTS OF RAN SHARING
|ENHANCEMENTS

RAN Sharing allows multiple participating operators to share the resources of a single RAN according to
agreed allocation schemes. The Shared RAN is provided by a Hosting RAN Operator (a provider of a
Hosting RAN) which can be one of the participating operators (operator that uses allocated shared RAN
resources provided by a Hosting RAN Provider under agreement). With the growing deployment of the
shared network, operators anticipate the scenarios where overload can result in a situation where an
overloaded PLMN starves another PLMN, thus leading to unfairness.

129 RP-150496: Downlink Multiuser Superposition Transmission for LTE.
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Current mechanisms of EUTRAN sharing do not allow a hosting provider to calculate DL and UL data
volumes used by a participating operator (per PLMN). Hence, new functions need to be introduced to
enable aggregated DL and UL data volume collection per PLMN and per QoS profile parameters.
Depending on Sharing Operators agreement, a QoS profile may be limited to a subset of standard
parameters (e.g., QCI).

Sharing is normally based on agreed quota or share ratio. However, the current Mobility Load Balancing
(MLB) mechanism does not take such quota into consideration and may lead to a problem. Therefore,
enhancements are required for the current MLB mechanism as well.

SA1l specified following requirements for the RAN sharing enhancements:

e The management and allocation of resources of signaling traffic over the Shared E-UTRAN shall
be independent from the management and allocation of resources of the user traffic over the
Shared E-UTRAN

e A Shared E-UTRAN shall be capable of differentiating traffic associated with individual
Participating Operators

e A Shared E-UTRAN shall be able to conduct admission control based on the allocated E-UTRAN
resources for each Participating Operator

e A Hosting E-UTRAN Operator shall be able to control resource usage taking into account the
allocated E-UTRAN resources for each Participating Operator. A means of monitoring the usage
of resources shall be provided

e All shared E-UTRAN capabilities offered by the Hosting E-UTRAN Operator shall be individually
available for use by each Participating Operator where this is possible

To fulfill the above requirements, RAN3 is currently working to enhance S1AP overload procedure(s), X2
AP Resource Status reporting procedures in order to introduce means to quantify and monitor data
volume per PLMN and per QoS profile parameters (e.g., QCI).

The working assumption that was made at the time of writing this paper, was that the data volume report
collects traffic per PLMN and direction (UL or DL) and may additionally report for one or more of these
criteria: per QCI group, per ARP group, and/or per GBR band.

This work item is was under progress at the writing of this paper and expected to finish in June 2015.

|4.1.11 ENHANCED LTE DEVICE-TO-DEVICE (D2D) PROXIMITY SERVICES
|(ProSe)

The Rel-12 Feasibility Study on Proximity-based Services™ has identified valuable services that could be
provided by the 3GPP system based on UEs being in proximity to each other. The corresponding service

%0 TR 22.803: Feasibility study for Proximity Services (ProSe).
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requirements have been documented.™®! LTE Device-to-Device (D2D) ProSe in Rel-12 has standardized
support for a subset of these features. The Rel-13 work aims to standardize the remaining functionalities.

The work covers enhancements to LTE device-to-device communications and discovery, meeting public
safety requirements for in-network coverage (intra-cell and inter-cell), partial network coverage and
outside network coverage scenarios. For non-public safety discovery, the work item covers in-network
coverage (intra-cell and inter-cell) only.

In particular, the work will cover the following areas.

e Enhancements to D2D discovery to enable Type 1 discovery, for the partial and outside network
coverage scenarios targeting public safety use

e Enhancements to D2D communication to enable the following features:

o Support the extension of network coverage using L3-based UE-to-Network Relays,
including service continuity (if needed), based on Rel-12 D2D communication,
considering applicability to voice and video

o Priority of different groups

e Enhanced D2D discovery support in the presence of multiple carriers and PLMNSs, (e.g., allow
D2D transmissions in a non-serving carrier and/or secondary cell belonging to the same and
possibly different PLMN as the serving cell)

e Enhancements and specs support of ProSe related MCPTT requirements identified by SA groups
(e.g., performance of call-set-up)

e Study of additional co-existence issues with adjacent carrier frequencies that may arise due to the
new mechanisms being defined

o Definition (if needed) of additional Tx/Rx RF and RRM core requirements for the UE

The proposed solutions should enable D2D services on the same or on different carrier(s) than that used
for LTE WAN communication by the UE.

132

The standard work has started in December 20147, and is currently in progress.

4.1.12 DUAL CONNECTIVITY ENHANCEMENTS

Higher layer considerations as part of small cell enhancements focuses on mobility robustness, reduction
in unwanted signaling towards core network and improvement in per-user throughput and system
capacity.

131 T3 22.278:Service requirements for the Evolved Packet System (EPS).
132 RP-142311:Work Item Proposal for Enhanced LTE Device to Device Proximity Services.
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Dual Connectivity (DC) introduced in Rel-12 aimed at addressing some of the challenges mentioned
above. However, the focus for DC in Rel-12 was mostly on the downlink throughput enhancements. Due
to limited time allocated in 3GPP working groups for the development of Rel-12, some aspects of DC
could not get discussed. For Rel-13'*, a new Work Item is proposed to continue with the further
development of DC features.

An open issue for DC is the support for multi-vendor deployment. In Rel-12, DC assumes network based
determination of System Frame Number (SFN) and sub-frame offset between MeNB and SeNB via OAM
in the unsynchronized networks. These methods work well for the case of DC in intra vendor deployments
with common OAM but is an issue with inter vendor deployment. The goal in Rel-13 is to explore the UE
reporting method on the timing difference between eNBs which is deemed important for multi-vendor
deployments.

In addition, due to lack of time in Rel-12 RRM enhancements related to enabling robust mobility and
separate DRX configuration for MeNB and SeNB were not covered. Unlike CA, where a UE is configured
with only one serving cell (i.e., PCell), in DC, separate DRX configurations can be applied to MCG and
SCG, and the CG specific DRX operation applies to all configured and activated serving cells in the same
CG (i.e., identical active time for PDCCH monitoring). The UE independently maintains the DRX cycles
for each PCell (e.g., for MeNB and also SeNB). A problem exists for cases where SeNB is actively
involved in data activity while MeNB only provides the call control (i.e., RRC). The UE upon wake up from
DRX cycle could independently measure the PCell on MeNB even though the UE is actively scheduled in
SeNB which may deteriorate the PCell mobility robustness.

Another Study ltem™*, under discussion for Rel-13 is traffic steering during DC. It is believed that the
increase in demand for higher data requiring more small cells deployed for coverage could increase the
traffic load at the core network significantly. DC can benefit from offloading certain services to minimize
core network congestion and hence more flexible traffic steering techniques are necessary for DC. To
offload operator network in DC scenario, local breakout is important as it provides the operator with the
means for efficient backhaul usage and reduces the load on the core network. Two existing mechanisms
for traffic redirection are Local IP Access (LIPA) and Selective IP Traffic Offload (SIPTO) already defined
in 3GPP. LIPA is used for HeNB only, where as SIPTO is used for both HeNB as well as Macro eNBs.
Since DC involves both Macro and small cells, SIPTO is therefore considered to be most viable solution
for DC traffic offloading.

Currently there are two configurations explored for SIPTO offloading.
1. SIPTO at Local Network with standalone Local Gateway (LGW) for DC:

An LGW residing in the local network near RAN nodes is a full blown EPC node that implements both the
S-GW and the P-GW functions. It is controlled from the MME by using the S11 interface and connects to
the eNBs using S1 user-plane interface. SIPTO at local network with a standalone LGW for DC is
applicable to both spilt bearer and SCG bearer. This is possible because a standalone LGW provides the
S-GW functions and is exposed to the MeNB or the SeNB (in option 1A) by using the S1-u interface (it
looks like the ordinary S-GW from the E-UTRAN perspective). Figure 4.10 shows the architecture options
that are under consideration, but will require more discussion.

138 RP-150490: Dual Connectivity enhancements for LTE.
134 RP-142257: New Study Item Proposal on Extension of Dual Connectivity in EUTRAN.
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Figure 4.10. Architecture Options for SIPTO at Local Network with standalone Local Gateway (LGW) for DC. 35

o Alternative 1: Standalone Local Gateway (LGW) connects to both MeNB & SeNB
SIPTO bearers can be configured to MeNB and/or SeNB. For SIPTO bearer in SeNB, it can be
SCG bearer or split bearer.

o Alternative 2: Standalone Local Gateway (LGW) connects to MeNB
In this scenario, the LGW is connected at MeNB. The MeNB could split the SIPTO bearer via
SeNB. SIPTO bearer at SeNB is not possible since there is no connectivity between LGW and
SeNB.

e Alternative 3: Standalone Local Gateway (LGW) connects to SeNB
SIPTO bearer can only be configured to SeNB. For bearers in SeNB, only SCG bearer option can
be configured as SIPTO bearer. The MeNB helps configure the resources needed to setup
SIPTO bearer at SeNB, but does not deal with SIPTO bearer directly.

e Alternative 4. MeNB in multiple local home networks
In this setup, both the MeNB and SeNB have connectivity with LGW. The bearers in MeNB and/or
SeNB can be SIPTO bearer. For bearers in SeNB, it can be used for SCG bearer or split bearer.

2. SIPTO at Local Network with collocated Local Gateway (LGW) for DC:
An eNB co-located LGW is actually an EPC node integrated in a RAN node (a simplified P-GW that is

controlled via the MME and S-GW by using the S5 interface). The architecture options in Figure 4.11 are
being proposed for co-located LGW.

135 TR 36.875: Extension of Dual Connectivity in EUTRAN
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Figure 4.11. SIPTO at Local network with collocated Local Gateway (LGW) for DC.136

o Alternative 1. Local Gateway (LGW) in MeNB
SIPTO bearers can be configured to MeNB and/or SeNB. For SIPTO bearer in SeNB, it can be
SCG bearer or split bearer. Service continuity can be assured if MeNB is unchanged. For SIPTO
bearer setup, switch and bearer deactivation, the existing procedure should work.

e Alternative 2: Local Gateway (LGW) in SeNB.
The bearers in SeNB can be offloaded. Only SCG bearer option can be configured as SIPTO
bearer. For a SeNB change, the SIPTO bearer is deactivated. The existing procedure should
work for SIPTO trigger bearer deactivation during handover.

o Alternative 3: Both MeNB and SeNB have its collocated Local Gateway (LGW)
Both MeNB and SeNB have its collocated LGW. The bearer at SeNB could be split bearer via
MeNB or SCG bearer from via its own LGW. The existing procedure should work for SIPTO
trigger bearer deactivation during handover.

This is ongoing work as of the writing of this paper, and the merits of these alternatives and a decision will
be discussed in the future meetings.

Beside data offloading some additional enhancements such as uplink bearer split, focusing on the user
throughput enhancements in the uplink are being considered. Also, the issue related to the Release of
SeNB during MeNB handovers. In Rel-12, during inter-MeNB handover, the bearers in SeNB are
switched back to MeNB, followed by the handover of MeNB and then the SeNB is added again as needed.
In current implementation, there is no solution to keep SeNB unchanged even if the SeNB cell signal
quality is good enough. The proposal explored in Rel-13 and thought to be beneficial is to keep SeNB
bearer active during handovers, provided the involved cells have good signal quality. By doing so it will
fully utilize the benefit of DC, to keep a constant user throughput and avoid deletion/addition of the SeNB
bearer during handovers which could lead to larger data gaps resulting in bad end user experience.

1% TR 36.875: Extension of Dual Connectivity in EUTRAN.
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|4.1.13 LTE-WIRELESS LOCAL AREA NETWORK (WLAN) RADIO LEVEL
|INTEGRATION AND INTERWORKING ENHANCEMENTS

3GPP has introduced several interworking solutions between 3GPP networks and WLAN in previous
releases. These enable moving data bearers to WLAN where the 3GPP core network (CN) acts as the
anchor point, and the decisions for selecting WLAN are mostly carried out by policies in the user terminal.
In Rel-12, 3GPP also introduced RAN rules and assistance which help in making better traffic steering

decisions, with more RAN control™’.

In Rel-13, a Work Item has been approved aimed at improving LTE-WLAN Radio Level Integration and
Interworking.*® The two components of the Work Item are LTE-WLAN Aggregation and Interworking
enhancements. LTE-WLAN Aggregation will introduce data aggregation where a data bearer can be
served by the LTE radio link and/or Wi-Fi. This solution should provide better control and utilization of
resources on both links and increase the aggregate throughput and system capacity. It will be transparent
to the CN and will build upon the Rel-12 Dual Connectivity split-bearer framework.* The second
component is related to LTE-WLAN Interworking enhancements, introducing solutions studied but not
included in the Rel-12 feature*, or optimizations on top of those.

The common element of both Rel-13 solutions is RAN control of offloading, where the eNB will make the
traffic steering decision based e.g., on UE measurements reporting, as well as possible feedback from
the WLAN. The solutions will apply to both collocated (integrated eNB and AP) and non-collocated (eNB
and WLAN connected via backhaul) scenarios. The latter scenario will rely on an interface between eNB
and WLAN (under study already from Rel-12), to allow data transfer and control signaling in Aggregation;
this interface can also be helpful for other Interworking Enhancements.

The specific objectives of the Rel-13 Work Item are listed here:

1. Specify RAN and WLAN protocol architecture of LTE-WLAN aggregation at the UE and network side
based on Rel-12 LTE Dual Connectivity solutions 2C and 3C

2. Specify solution for user plane aggregation at the PDCP layer based on Rel-12 LTE Dual Connectivity
allowing both per packet (i.e., per PDCP PDU as in Dual Connectivity split bearer) and per bearer
offloading

3. Specify RRC enhancements for network-controlled activation and de-activation for aggregation based
on Rel-12 LTE Dual Connectivity and traffic steering indication for inter working enhancements based on
Rel-12 Study Item on 3GPP/WLAN Radio Interworking

4. Specify solutions for addition, removal and change of WLAN links while being connected to the same
eNB

5. Specify UE WLAN measurement reporting for aggregation and inter-working enhancements

37 TR 37.834: Study on Wireless Local Area Network (WLAN) - 3GPP radio interworking.

138 \WID: RP-150510: LTE-WLAN Radio Level Integration and Interworking Enhancement.

Sz TR 37.834: Study on Wireless Local Area Network (WLAN) - 3GPP radio interworking.
Ibid.
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141

The RAN2 standards work started after the Work Item was approved in March 2015, and was in

progress at the writing of this paper.

4.1.14 RADIO ACCESS NETWORK (RAN) ENHANCEMENTS FOR
EXTENDED DISCONTINUOUS RECEPTION (DRX) IN LTE

As already identified by earlier 3GPP releases, reducing significantly UE power consumption can be very
valuable for certain UEs (e.g., for MTC/IOT sensors that run on small batteries may be a major cost to
exchange/charge batteries; otherwise the battery duration may simply determine the device’s lifetime).

In Rel-12, 3GPP adopted a NAS layer solution defined Power Saving Mode (PSM), allowing a very low
UE power consumption in certain use cases (e.g., Mobile Originated (MO)-only or scheduled Mobile
Terminated (MT) data). However, PSM has limited applicability for unscheduled MT data with a certain
requirement on delay tolerance. If the maximum allowed delay tolerance is less than the order of many
hours, the PSM solution may not be so efficient, due to more frequent periodic registrations. Another
approach to provide better UE power consumption in those scenarios (partly studied in Rel-12'* 143), is to
extend current DRX operation.

In Rel-13, in fact, a work item has been approved144 to define RAN mechanisms for extending the DRX

cycle in scenarios where mobile terminated data has a delay tolerance in the order of minutes to an hour.
The specific objectives are:

¢ Extend idle mode DRX cycles in order to provide at least an order of magnitude power savings for
UEs in idle mode; and

e Extend connected mode DRX cycles in order to enable additional power savings beyond what is
currently possible for UEs in connected mode.

The RAN2 standards work started after Work Item approval in March 2015, and was in progress at the
writing of this paper.

4.2 UTRAN/HSPA+ ENHANCEMENTS

4.2.1 DOWNLINK (DL) ENHANCEMENTS

WCDMA is expected to be the dominant mobile broadband technology through the foreseeable future.
Hence, it is important to continuously evolve the uplink and downlink so that more traffic can be carried
using less spectrum. Because of that, 3GPP has decided to initiate a study on downlink enhancements as
part of Rel-13. This Study Item can be viewed as a complement to the enhancements introduced in Rel-
12 under the Work Item entitled “Further EUL enhancements” which improved the uplink performance.

The Study Item which is formally titled, “Downlink Enhancements for UMTS”, covers several downlink
improvements including:

1 TR 36.842: Study on Small Cell enhancements for E-UTRA and E-UTRAN; Higher layer aspects.

142 TR 23.887: Study on Machine-Type Communications (MTC) and other mobile data applications communications enhancements.
4% TR 37.869: Study on Enhancements to Machine-Type Communications (MTC) and other Mobile Data Applications; Radio
Access Network (RAN) aspects.

14 RP-150493: RAN enhancements for extended DRX in LTE.
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e Reduction of downlink control channel overhead in high load scenarios (see section 4.2.2)

e Improvements to L2/L3 signaling transmission, (e.g., optimization for RRC state transition,
improvements to parameter update mechanism, etc. (see section 4.2.3 to 4.2.6))

o Enhanced “SRB over HSPA” performance (see section 4.2.7)

In addition, it is important to mention that the study also aims to include necessary changes in such a way
so that the impact on the physical layer, legacy terminals and networks are kept at minimum.

The Study Item was initiated in 3GPP RAN plenary #65 (September 2014), and it is planned to be
finalized by the 3GPP RAN plenary #68 in June 2015. At the writing of this paper, the Study Item on
downlink enhancements was still in progress. Following is a summary of the overall methods considered
in the Study Item.

Reduction of DL Control Channel-Related Overhead under High Load Condition

Aligned with the first objective of this Study Item, 3GPP has focused its investigation on methods to
minimize the control channel overhead. In particular, focus has been on evaluating investigating methods
whereby the overhead associated with downlink power control can be reduced. Two algorithms related to
downlink transmit power control (TPC) where the TPC frequency is reduced are currently being evaluated:

e Algorithm 1: The same TPC command is repeated in N consecutive slots (TPC repetition)

¢ Algorithm 2: The TPC command is sent every N slots

Characteristics of scenarios considered for these algorithms are the ones where there are a large number
of users (more than 50) that are in CELL_DCH state and for which Rel-7 CPC is not used.

Downlink Results

From a link perspective, a gain around 10*log N dB (where N is the repetition/decimation factor) has been
observed when comparing with the legacy TPC operating each on a per 2 ms basis. The potential
reduction in downlink overhead has also been evaluated by means of system simulations. In these
evaluations, very extreme load was assumed (with 100 percent downlink NodeB activity factor) and it was
furthermore assumed that 100 percent of the UEs supported the feature. Moreover, it was assumed that
25 percent of Soft Handover (SHO) UEs were Fractional Dedicated Physical Channel (F-DPCH) time
aligned at the Node B. The likelihood with which this type of scenario occurs is dependent on whether the
RNC distributed the transmissions of TPC to SHO in time (by using different slot formats for Rel-7 F-
DPCH devices and different timing for Rel-6 F-DPCH capable devices).

Table 4.2 shows the potential reduction in DL control related overhead. The baseline in the comparison is
the legacy algorithm with a 4 percent TPC Bit Error Rate (BER) the following two alternatives are
considered:

e Using the legacy TPC solution but aiming at a higher BER target (10 percent instead of 4 percent)

e The new solution in which TPC repetition (N=5) is used with residual TPC BER of 4 percent
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From the table, it can be observed that the maximum power saving for the new solution can be as much
as 24 percent, while for the legacy solution this saving is 16 percent.

Thus, the gain of the proposed algorithm as compared to the baseline is up to 8 percent in terms of
downlink power in situations where TPC commands transmitted to SHO users is overlapping in the
simulated scenarios. For other soft handover scenarios, further gain may be available with less than 30
percent probability. The downlink power overhead for both legacy solution and new solution reduces if the
load or UE penetration reduces or the RNC implements timing distribution.

Table 4.2. Downlink power saving compared with 4% TPC BER legacy algorithm.

100 UEs

25% unevenly 11% - 16% 18% - 24%
distributed SHO
UEs

Uplink Results

One potential consequence of increasing the DL TPC BER target and reducing the TPC update rate is
that the uplink can become less efficient. The potential loss is typically expected to vary with radio
channels and the UE speed and for a Pedestrian A (PA3) and Vehicular A (VA30) a loss around 0.5dB
and 0.5dB was observed, respectively. It should however be noted that for high UE speeds, a slight
performance gain was observed by reducing the TPC rate. This gain was quantified to be around 0.01dB-
0.3dB for the VA120 channel and 0dB-0.16dB for Case 4 channel.

The uplink impact of legacy algorithm (fast power control) with 10 percent TPC BER and new algorithms
(slow power control) with 1 percent and 4 percent TPC BER are summarized as follows:

Table 4.3. Summary of all the candidate solutions.

Legacy algorithm with 10% TPC

BER Low (= 0.1dB)

New algorithms with 1% TPC

BER Low (= 0.1dB)

New algorithms with 4% TPC

BER Medium (<0.6dB)
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Seamless Upswitch from URA_PCH

In current specifications the UE releases the identities HS-DSCH Radio Network Transaction Identifier /
E-DCH Radio Network Transaction Identifier (H-RNTI/E-RNTI) at transitions to UTRAN Registration
Area_Paging Channel (URA_PCH). That means that devices in URA_PCH have to first perform a Cell
Update procedure to acquire new identities before they can send any data. Keeping the current identities
would have limited benefits as they are cell specific and if the UE changes cell while in URA_PCH they
cannot be used anymore.

By introducing URA-wide identities which are unique within the whole URA, the UE can keep them in
URA_PCH and it then does not have to perform a Cell Update procedure when it has data to send.
Normally the Cell Update procedure consists of three RRC messages (Cell Update, Cell Update Confirm
and UTRAN Mobility Information), so this improvement will reduce latency at upswitch from URA_PCH by
a great deal. Theoretical estimations and lab results show that the upswitch time can be reduced by
around 100 ms reducing the end users times time to content.

Improved Synchronized RRC Procedures

At synchronized RRC procedures the RNC calculates an activation time for when the switch to the new
configuration should take place. When doing this, the RNC has to add considerable margins to allow for
RLC retransmissions, lub delays, long UE processing time, etc. This means that synchronized RRC
procedures are typically associated with a considerable delay.

With the improved mechanism, the RNC sends an indication in the RRC reconfiguration message that a
handshake should take place between the UE and the Node B, agreeing on an activation time instead.
When the UE is ready to switch to the new configuration it sends a special MAC Control Information (MCI)
to Node B. The exact activation time is defined as an offset to the Hybrid Automatic Repeat Request
Acknowledgment (HARQ ACK) to the MCI. By using this mechanism, the activation of the new
configuration can in most cases be done much faster, as the extra margins mentioned above can be
avoided. There is also a possibility for the RNC to include a Connection Frame Number (CFN) in the RRC
reconfiguration message at which the switch to the new configuration will take place in case the
handshake would fail.

The procedure can be used for reconfigurations when HSPA is used, for example:
e Setup and removal of Radio Access Barrier (RAB)
e RAB modifications

e Reconfigurations of radio bearer, transport channel or physical channel parameters as a result
of mobility or activity

Reusing RRC Configuration

When the same action is repeated multiple times, (e.g., at multiple up-and down-switches) the UE will
typically toggle between a limited set of configurations. Today, normally all configuration parameters are
sent in RRC signaling each time an RRC procedure is executed. By allowing this, the configurations can
be stored in the UE and will not have to be repeated when the same procedure is triggered again; the
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RRC signaling overhead can be considerably reduced. With shorter RRC messages, less time is spent on
air interface transmission and there is a reduced probability to lose RLC Packet Data Units (PDU), which
increases the retainability. When the message size is reduced the latency for the signaling procedure is
also reduced and resources are saved (i.e., capacity is increased).

With retrievable configurations, the RNC can, in an RRC reconfiguration message, send an indication to
the UE to store the values of a defined set of parameters together with an identity. Next time the same
configuration will be used, only the identity needs to be sent. Parameters which normally are quite static
within the whole RNC are included in retrievable configurations. The UE will be requested to store a
limited set of configurations which it normally uses and toggles between. When the UE enters idle mode
the configurations is cleared.

State Transition Enhancements

The UE can be pre-configured for a state transition to URA_PCH. When it has finished data transmission,
it can initiate a handshake with the Radio Base Station (RBS) to perform a transition to URA_PCH. The
RRC messages normally sent at downswitch can then be saved.

SRB Coverage over HSPA Enhancements

In case of SRB over HSPA, there is no downlink soft handover, and the coverage is smaller than SRB
over DCH which can benefit from the soft handover gain. In poor coverage area, the RRC signaling
transmission failures may therefore increase for SRBonHS, so more call drops may potentially happen.

The network can configure multiple HARQ processes for continuous transmission for HSDPA, and there
is a fixed HARQ timing between the High Speed Physical Downlink Shared Channel (HS-PDSCH) and
High Speed-Dedicated Physical Control Channel (HS-DPCCH). This is Legacy HARQ Retransmission
mechanism (LHR). If the network schedules an initial Media Access Control (MAC) PDU on process#1
and then sends a retransmission also on process#1 in the consequent sub-frame, the UE may discard the
second PDU. Normally, the network will transmit a new MAC PDU or perform retransmission depending
on the feedback information from the UE after at least 5 sub-frames (i.e., 10 ms) from the initial data
transmission.

When the Improved HARQ Retransmission (IHR) is enabled, the network can schedule a MAC-hs/ehs
PDU with the same Transmission Sequence Number (TSN) in less than 5 TTIs after the initial
transmission. At the UE side, if the New Data Indicator is identical to the value used in the previous
received transmission in the HARQ process, it combines the received data with the data in the soft buffer
for this HARQ process and generates feedback for them. Since the UE may be required to send the
feedback for continuous sub-frames, the Acknowledgement-Negative Acknowledgement (ACK-NACK)
repetition factor should be set to 1 correspondingly.

For each initial transmission, the network only schedules two retransmissions following the initial
transmission. If there is no ACK received after all the three continuous transmissions, the network could
decide to continue the next three continuous HARQ retransmission based on HARQ timing. Later, if the
network receives at least one ACK from the UE, the network will consider the MAC-hs/ehs PDU had been
successful transmitted.
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For IHR mechanism, there will be more and earlier HARQ retransmissions compared to the legacy way
within a certain period, so both the robustness and latency could be improved. In this mode, the user
experience is guaranteed if delay sensitive service is considered.

The Study Item on downlink enhancements has been finalized from a RAN1 perspective (i.e., the TSG
RAN WG1 has completed their investigations and has provided their conclusions); however the TSG RAN
WG2 who is leading this Study Item is still performing investigations on RAN2 aspects which are
expected to be completed before the RAN plenary #68.

4.2.2 SMALL DATA TRANSMISSION ENHANCEMENTS

As extension of previous Rel-12 studies on enhancements for machine type and other data applications
communications for UMTS (e.g., UEPCOP), and to further optimize small data transmission over 3G (e.g.,

from a coverage and signaling/transmission efficiency point of view), Rel-13 has started a new study to

address those areas™®.

In particular, the objective of the Study Item is to identify current system limitations and technical solutions
for improved support of small data/delay tolerant applications and massive deployment of devices in
UMTS/HSPA networks. Potential technical solutions target the following areas:

e Device power saving enhancements (e.g., extended DRX cycles)

e Signaling optimizations to support massive number of devices and/or optimize small packet/delay
tolerant transmission (e.g., control signaling overhead reduction)

¢ Enhance coverage for low data transmissions (e.g., time domain repetition of physical channels
or signals)

As the study progressed (completed in June 2015), specific solutions were identified and under
evaluation—split between PHY layer and L2/L3 functionalities (studied mostly in RAN1 and RAN2,
respectively).

Regarding upper layers (L2/3) solutions, the study is currently focusing on the following improvements:146

¢ Device power saving enhancements

o Long/extended DRX: similarly to what is under study/work for LTE, and also part of Rel-
13 architecture/CN enhancement studies

e Support of massive number of devices
o Access control in CELL_PCH and URA_PCH without seamless transition to CELL_FACH

o Access control in URA_PCH with seamless transition to CELL_FACH

“S SID: RP-141711.
8 TR, 25.705: Study on Small Data Transmission Enhancements for UMTS.
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Both solutions should simply extend the applicability of existing access control mechanisms (Rel-12
access groups in CELL_FACH) to other RRC states.

4.2.3 DUAL BAND UPLINK (UL) CARRIER AGGREGATION (CA)

Leveraging from existing HSPA multi-carrier data aggregation features, such as Dual Band Dual Cell
((DB)DC)/4C-HSDPA (DL) and DC-HSUPA (UL), this new functionality extends UL multi-carrier operation
by aggregating two UL carriers across bands.

Dual band UL carrier aggregation is expected to enable better system and capacity performance (e.g.,
when used in combination with Dual band DL multi-carrier, both UL carriers on the serving and non-
serving band may be efficiently exploited, achieving a better UL load balancing).

Furthermore, intra-band DC-HSUPA may not always be suitable for UL data aggregation, particularly in
those markets where 10 MHz of contiguous spectrum is not available in a single band (e.g., some 900
MHz markets). Dual band UL carrier aggregation would enable, in those cases, to aggregate a 5SMHz UL
carrier available in a different band, thus a more efficient usage of deployed spectrum.

So far, the target band combinations are, Bands I-VIII, I-V and II-V. The feature assumes one UL carrier
configured on each UL band and implies at least two carriers configured simultaneously in downlink
(paired with the UL carriers).

Requirements and protocols support should rely, as/when applicable, on functionalities already defined
(e.g., for DC-HSUPA and DB-DC-HSDPA). UE requirements for supporting such features will be defined
as release-independent, as done for DL multi-band/carrier features.

147

The standard work started in December 2014™", and was in progress at the writing of this paper.

4.3 NETWORK SERVICES RELATED ENHANCEMENTS

4.3.1 IP FLOW MOBILITY SUPPORT FOR S2A AND S2B INTERFACES

Wi-Fi is an important part of many operators’ networks today which provides offload from the macro
system and improved in-building coverage. Nearly all smartphones and tablets support Wi-Fi in addition
to supporting cellular technologies like UMTS and LTE. Further, dual radio devices able to simultaneously
support Wi-Fi and either UMTS or LTE are becoming commonly available. This has led to many use
cases where simultaneous support of Wi-Fi and UMTS or LTE becomes desirable. For instance, some
operators may want to keep specific real-time delay sensitive applications like voice, on their cellular
network (e.g., with 3G voice or VOLTE) while allowing other non-real-time and non-delay sensitive
applications run over Wi-Fi.

Prior to Rel-13, mechanisms have been defined for simultaneous connectivity over Wi-Fi and 3GPP
based technologies for different PDN connections. In Rel-10, 3GPP defined the capability for Dual Stack
Mobile IPv6 (DSMIPv6) capable UEs to dynamically and seamlessly be directed to move IP flows
belonging to the same PDN between Wi-Fi and 3GPP technologies. DSMIP is a mobility protocol
specified in the Internet Engineering Task Force (IETF) that provides IP address preservation for IPv4

7 RP-142237: New WI proposal: HSPA Dual-Band UL carrier aggregation.
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and IPv6 sessions, allowing the user to roam independently in IPv4 and IPv6 accesses. However, many
operators have deployed alternative network-based mobility protocols (e.g., GPRS Tunneling Protocol
(GTP) and Proxy Mobile IP (PMIP)). Thus, it is proposed that Rel-13 define solutions for IFOM using other
network-based mobility protocols in the feature named Network-Based Internet Protocol Flow Mobility
(NBIFOM).

The 3GPP technical report for NBIFOM [TR 23.861] provides Figure 4.12 showing the non-roaming
architecture for the Enhanced Packet System (EPS). It can be seen from Figure 4.12 that Wi-Fi can be
supported by the EPS either through Trusted WLAN access, using the interface S2a, or through
Untrusted WLAN access, using the interface S2b through an evolved Packet Data Gateway (ePDG).

HSS I
SWx
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Gxc Rx
Gx
) Operator's IP
: 5?' Services (e.g.
Serving | PDN [ IMS, PSS, etc.)
Gateway I Gateway
S5 I
S2b S6b
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Non-3GPP
Networks
Trusted
WLAN Access
Network 4
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Figure 4.12. Non-roaming Architecture within EPS using S5, S2a and SZb.148

The objective of the NBIFOM feature is to add the IFOM functionality for the PMIP and GTP-based
mobility protocols for both trusted (S2a based) and untrusted (S2b based) WLAN access. Detailed
procedures for NBIFOM can be found in [23.861] which describe:

e The support of a PDN Connection active over multiple accesses simultaneously

e The association of one or multiple IP flows belonging to a PDN connection to an access system

148 TR23.861, “Network Based IP Flow Mobility”
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e The movement of one or multiple IP flows belonging to a PDN connection between different
access systems

e The triggers for IP flow mobility in the UE and the network
e Aspects of UE-initiated and network-initiated NBIFOM

e The impact and the relationship to 3GPP related policies (e.g., PCC, ANDSF, ISRP, ISMP, RAN
policy with no ANDSF etc.), if any, to support NBIFOM

24.3.1.2 VOICE AND VIDEO SUPPORT IN TRUSTED AND UNTRUSTED WLAN

Wi-Fi is a widely adopted access technology for broadband Internet access, and MNOs are looking with a
great interest to VoWi-Fi including roaming and interworking aspects in a cellular environment to:
increase the coverage and capacity of mobile networks, e.g., covering LTE coverage gaps with Wi-Fi
hotspots and offloading bandwidth intensive traffic from the cellular network; and provide connectivity to a
wider set of devices, e.g., tablets or laptops equipped with Wi-Fi only.

GSMA has also been working on a corresponding profile for voice, SMS and video over Wi-Fi IMS profile
(in PRD IR.51), which relies on the WLAN access to EPC specified in 3GPP, and paves the way to
support voice and video services over Wi-Fi, by guaranteeing interoperable, high quality IMS-based
telephony and conversational video services over Wi-Fi access networks.

In 3GPP, Wi-Fi refers to a WLAN (nhon-3GPP) access, which can be either considered by MNOs as
trusted via a Trusted WLAN (S2a interface with PGW) or untrusted via an ePDG (S2b interface with
PGW), as defined in 3GPP TS 23.402.

The following additional system enhancements have been defined in 3GPP Rel-13 to harmonize the level
of support of voice and video services over Wi-Fi with what is supported over 3GPP accesses:

1. Proxy Call Session Control Function (P-CSCF) discovery and P-CSCF restoration for UEs under
WLAN

A new P-CSCF discovery method has been specified, allowing UEs under WLAN to retrieve the P-CSCF
addresses (along with other IP parameters) from the P-GW, upon the Public Data Network (PDN)
connection establishment to the EPC via WLAN, like already supported over 3GPP accesses.

Besides, the P-CSCF restoration procedures specified in 3GPP Rel-12 for 3GPP accesses have been
extended in Rel-13 to support UEs with an IMS PDN connection over WLAN, thus providing the ability to
force UEs under WLAN to re-register to IMS following a P-CSCF failure and to deliver mobile terminated
calls to such UEs.

2. GPRS Tunneling Protocol-Control (GTP-C) overload control from Trusted WLAN (TWAN) or
ePDG to PGW

GTP-C overload control was specified in Rel-12 to enable a GTP-C entity becoming or being overloaded
to gracefully reduce its incoming signaling load by instructing its GTP-C peers to reduce sending traffic
according to its available signaling capacity to successfully process the traffic. This was defined over the
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S2a and S2b interfaces, among others, but only the PGW could signal an overload to the TWAN/ePDG
(i.,e., the TWAN/ePDG could not send an overload indication towards the PGW).

With VoIMS over WLAN, the PGW may initiate dedicated bearer creation/deletion and thus the number of
requests from the PGW to the TWAG/ePDG may rise dramatically. An overload may occur at the
TWAN/ePDG e.g.: 1) upon an exceptional event locally generating a traffic spike with a large amount of
calls and dedicated bearers or; 2) almost simultaneously upon a catastrophic event, or; 3) with an
exceptional but predictable event such as Christmas or New Years Eve; all via an IMS connection over a
trusted or untrusted WLAN.

Thus, 3GPP introduced in Rel-13 the possibility for the Trusted WLAN Access Gateway (TWAG)/ePDG to
send an overload indication to the PGW. The PGW reacts the same way as when it receives an overload
indication from an MME/SGSN/Serving Gateway (SGW) over S5/S8 for a 3GPP access.

3. Reporting the cause of a PDN connection Rel-from TWAN/ePDG to PGW/P-CSCF for Customer
Care

Rel-13 adds the capability for the TWAN/ePDG to report to the PGW and the P-CSCF (via the PCRF) the
Rel-cause when a PDN connection is being torn down, if this information is available and permitted to be
sent to the PGW, according to the operator's policy. Examples of Rel-causes can be e.g., lost carrier, UE
requested disassociation, re-authentication failure, session timeout, etc. The Rel-cause can also be
further propagated in SIP.

When a session is dropped while the UE is under WLAN, this allows the operator to get the real failure
cause in the PGW CDRs and at IMS level. This is supported in Rel-12 for LTE access for both
performance analysis and for trouble-shooting of problems reported to customer care.

4. Charging extensions for WLAN access

In Rel-13, charging offline description is enhanced to incorporate the Rel-cause (mentioned previously in
3.) available to the PGW when a PDN connection is being torn down: this covers 3GPP accesses, and
this is expected to be extended to trusted and untrusted WLAN accesses as well, for charging at EPC
and IMS levels.

A possible future enhancement is the introduction of offline charging from TWAN, similar to Rel-12 offline
charging from ePDG to allow inter-operator charging in roaming situations.

The above enhancements are part of Rel-13 and are in various stages of progress. 3GPP is also working
on system enhancements to support emergency calls over Wi-Fi accesses. A step-wise definition is
expected, with some early support anticipated for Rel-13 for authenticated non-roaming UEs.
Unauthenticated access and roaming cases are expected to be completed in Rel-14.

4.3.2 USER PLANE CONGESTION MANAGEMENT (UPCON)
The User-Plane Congestion (UPCON) Work Item aims at detecting and mitigating situations where the

offered load exceeds the capacity of the RAN to transfer user data for a few seconds or longer (short
bursts in offered load are not in scope).
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3GPP Working Group (WG) SA1 defined related requirements (see TS 22.101) not only address
detection of congestion (“The network shall be able to detect RAN user plane congestion onset and
abatement”), but also specify the foreseen mitigation measures. As a means to mitigate congestion
situations, the network is expected to be able to:

e Prioritize traffic (e.g., by adjusting QoS for specific services according to operator policies and
subscriber profile)

o Reduce traffic (e.g., by compressing images or by applying adaptations for streaming
applications)

o Limit traffic (e.g., by prohibiting or deferring certain services traffic such as unattended data traffic
where unattended data traffic is defined as data traffic of which the user is unaware (further
exemplified as a Windows update traffic or traffic of other applications running in the background)

3GPP WG SA2 addressed the requirements as follows. As depicted in Figure 4.13, a new architectural
entity (RAN Congestion Awareness Function (RCAF)) has been added to 3GPP specifications. The
RCAF performs three key tasks:

1. Determine whether a cell is congested
2. If a cell is congested, determine the UEs that are served by the congested cell

3. Inform the PCRF about the UEs which are currently served by a congested cell (and the related
congestion level)

Based on receiving congestion indications from the RCAF, the PCRF can subsequently apply different
policies to mitigate the congestion.

Np
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Figure 4.13. Rel-13 UPCON solution architecture.149

With respect to the RCAF’s first task of determining cell congestion, 3GPP WG SA2 agreed that the
RCAF detects cell congestion and derives the congestion level of a given congested cell based on
information from the RAN’s OAM system. The interface to the RAN’s OAM system and the details of
congestion detection based on information from the OAM system have not been specified (i.e., are
implementation specific).

19 3GPP TR 23.705, “Study on system enhancements for user plane congestion management”.
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To enable the RCAF to fulfill the remaining two tasks (determining the list of UEs served by a given
congested cell and reporting of congestion information to the PCRF); three new interfaces have been
specified:

e Ngq interface (applicable to E-UTRAN access): Via the Nq interface, the RCAF queries the MME
for the list of UEs, identified by their International Mobile Subscriber Identities (IMSI), in a given
congested cell. In addition, the RCAF also queries the MME for the list of active PDN connections
for each of the UEs in the congested cell. The PDN information is needed to determine the
serving PCRF(s) for the UEs in the congested cell.

e Nq’ interface (applicable to UTRAN access): Via the Nqg' interface, the RCAF queries the SGSN
for the list of active PDN connections for each of the UEs in the congested cell.

The background for specifying a different interface to the SGSN compared to the MME is as
follows: for UTRAN access, the RCAF is assumed to receive the list of UEs (identified by the
IMSIs) currently served by a given congested 3G Serving Area from the RAN’'s OAM system;
hence, the RCAF does not need to query the SGSN for the list of UEs in a given congested area.

e Np interface (applicable to both E-UTRAN and UTRAN accesses): Via the Np interface, the
RCAF reports the congestion level for a given IMSI and APN to the serving PCRF. In addition, the
RCAF reports the location for UEs in a congested cell (identified by the E-UTRAN Cell Global
Identifier (ECGI) or eNB ID (in case of E-UTRAN access) or Serving Area ID (in case of UTRAN
access) to the PCRF.

When the PCRF receives an indication that a UE is served by a congested cell, the PCRF may modify or
apply different PCC rules via the Gx interface) and/or ADC rules via the Sd interface for the UEs in the
congested cell. The same applies when the PCRF learns that a cell is not congested anymore or when a
UE has left a congested cell.

In addition to modifying PCC and/or ADC rules in PGW and TDF, respectively, the PCRF may also decide
to defer the delivery of non-time-critical services in case of user-plane congestion. To allow for this, 3SGPP
WG SA2 agreed on an extension to the Rx interface, which enables the PCRF to send a re-try interval in
response to an Application Function’s (AF) request. When receiving a re-try interval from the PCRF, the
AF shall not send the same service information to the PCRF again until the re-try interval has elapsed.

[4.3.3 PUBLIC SAFETY

There is an acknowledged need for expansion of public safety radio systems to take advantage of
broadband technologies, particularly LTE. The advantage to the police, fire and emergency medical
personnel of having video and high speed data capabilities integrated into their communications devices
is significant and widely sought around the world. This need has led to the beginning of work in 3GPP to
create such capabilities over the LTE radio interface.

24.3.3.1 MISSION CRITICAL PUSH-TO-TALK OVER LTE (MCPTT)

Work on Mission Critical Push-to-Talk (MCPTT) began in 2014 in 3GPP with the creation of a set of
requirements by 3GPP SAl in TS 22.179. Work then expanded into 3GPP SA2 to begin to examine
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architectural needs. At the same time, parallel work was ongoing in the European Telecommunications
Standards Institute (ETSI) TETRA and Critical Communications Evolution (TCCE) and OMA to create an
MCPTT capability based on broadband networks. The industry converged in 2014 by agreeing to do a
single set of work in 3GPP. In recognition of the importance of the work, and to manage its work load
better, 3GPP decided to create a new working group, SA6, focused on Critical Applications. The work
done in SA2 was transferred in January 2015 to SA6. In the last quarter of 2014, ETSI TCCE experts and
OMA experts held a meeting in the UK to create a merged architecture from their separate works. This
merged work was presented to SA2 and SA6 in December 2014 and January 2015.

The goal of the MCPTT work in 3GPP Rel-13 is to create specifications for mission critical voice over
LTE.

Support for video and data for public safety users is not in the scope of the Rel-13 work. Group calls will
take advantage of both unicast and broadcast (eMBMS) bearers to distribute voice content to members of
the group.

Integration of MCPTT over LTE with existing Land Mobile Radio (LMR) systems such as P25 and
Terrestrial Trunked Radio (TETRA) will be required to provide a migration path to countries and
jurisdictions from LMR systems to LTE-based public safety communications. The work will necessarily
follow the work in 3GPP and may begin in the second half of 2015.

An aspect of MCPTT is the use of 3GPP Proximity Services (ProSe) to allow two public safety devices to
communicate directly with each other both in and out of regular LTE network coverage. The MCPTT
application that will operate over the lower layer ProSe capabilities will be part of the work of SA6 during
2015.

The MCPTT capabilities, based on the requirements in 3GPP TS 22.179, will include group calls, person-
to-person calls, prioritization of calls and of individuals, group management, user management,
configuration management, security, operation in relay-to-network mode, operation in off-network mode
and a number of other related features.

The work on group calls will include the basic abilities to push-to-talk and to have the voice content
delivered to other members of the group, and will also include special prioritization of calls to handle, for
example, situations where public safety first responders encounter an emergency situation and push the
“red button” on their device. Distribution of group call content will make use of normal unicast bearers to
individual devices, and will also make use of MBMS to deliver the same group content to multiple group
members in one area. MBMS enhancements in Rel-13 are discussed in section 4.3.3.3.

Priority management in MCPTT includes recognition that individuals, particularly in public safety first
responder situations, will have different roles and will need different abilities to access and even pre-empt
other individuals. For example, the fire chief will need a higher priority than other fire personnel in order to
be able to give the orders necessary to efficiently and safely contain and put out a fire. In addition, the
need exists for individuals, regardless of the priority of their role, to be able to obtain immediate priority
when an emergency situation arises. In this case, depending on system policy and configuration, the
priority given by the system may allow the individual fireman to override the fire chief in order to alert
others of a life threatening situation.

Group management involves the ability of the administrator to pre-configure groups of individuals for the
purpose of group communications. For example, all police personnel in the North Police Station may be
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automatically included in a group “North Police”. Groups can also be formed dynamically by a dispatcher
or by individuals to meet the needs of the situations encountered.

Direct communication of devices without the use of network infrastructure is an important aspect of public
safety. To support such direct communication, the MCPTT work includes support for devices that need to
communicate with each other directly, regardless of whether the devices are in or out of network radio
coverage. The work also includes support for relaying communications from devices that are out of
network radio coverage to devices that are in network radio coverage and performing a relay function to
the network.

Expansion of the mission critical communications is part of 3GPP Rel-14, and requirements work has
already begun. In particular, extension to other media types (e.g., video and data) is important to public
safety operations.

SAG6 is currently studying and developing the application level architecture for MCPTT. The discussions
are around proposed solutions, basic architecture functionalities across application, IMS, EPS layers and
the deployment models supported, identifying reusable components in existing TCCE and OMA Push-to-
Communicate for Public Safety (PCPS) specifications, roaming models, etc. in the aim of agreeing on the
architecture and procedures for MCPTT standards. The study result is captured in TR 23.779.

24.3.3.2 ENHANCEMENTS TO PROXIMITY BASED SERVICES

In Rel-13, further enhancements to Proximity-based Services (ProSe) are being studied in SA2 in order to
support the Public Safety and non-Public Safety use cases that could not be completed in Rel-12 and to
fulfill the requirements of Mission Critical Push to Talk (MCPTT).

The following topics have been studied as of the writing of this paper:

e Enhancements to Direct Discovery, including Restricted Discovery (discovery with explicit
authorization) and Request/Response Discovery (Model B)

e Enhancements to Direct Communication, including:
o One-to-one communication
o Support for ProSe UE-Network Relays
o Support for ProSe UE-UE Relays
o Support for service continuity when moving from “on network” to “off network” and vice
versa

o Support for Group priority and QoS

Enhancements to Direct Discovery are applicable to all types of UEs (public safety or not), whereas
enhancements to Direct Communication are only applicable to public safety UEs.
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The standard work has started in June 2014*°

captured in TR 23.713"%,

, and is currently in progress. The results of the study are

24.3.3.3 MBMS ENHANCEMENTS

MBMS access was made available in Rel-12 to applications by the creation of the MB2 interface. This
work was primarily done to support MCPTT (see section 4.3.3.1), but also, supports any application
implementing the MB2 interface. Two areas in MBMS that were found to need improvement in Rel-13 are
service continuity and greater independence of the application from knowing the service areas defined in
the network.

MCPTT group voice calls may have long periods of silence when downlink capacity is not needed. Due to
the length of time needed to establish an MBMS bearer, including all of the signaling among the
Broadcast Multicast-Service Center (BM-SC), Multimedia Broadcast Multicast Services-Gateway (MBMS-
GW), MME and Multi-cell/Multicast Coordination Entity (MCE), an MCPTT group voice call must have an
MBMS bearer already established for use immediately when voice spurt must be delivered to group
members. Thus, overbooking of MBMS bearer resources can occur at the MCE/eNB level. When the
MCE/eNB receives downlink MBMS bearer content beyond what can be supported with existing
resources (subframe capacity), the MCE/eNB must pre-empt the lower priority bearers and give those
resources to the higher priority bearers.

The way that has been devised to support pre-emption of MBMS bearers and support service continuity
for the devices is to alert the devices that a particular MBMS bearer is about to be suspended. This work
is handled in RAN2 and RAN3. This gives the devices some time to be able to request a unicast bearer
from the application, and this is precisely the method of service continuity already present in Rel-12. The
additional warning provides the ability to have a smaller content gap at the application level when the
switch from broadcast to unicast occurs.

The other MBMS improvement in Rel-13 involves the ability of the application Group Communication
System Application Server (GCS AS) to request an MBMS bearer using a list of cells, rather than a list of
MBMS service areas. This is based on the availability of the cell ID at the device. The application in the
device can send the cell ID to the application in the network, allowing the network application to count the
number of devices needing the same content in the same cell. So, the network application can easily
determine a list of cells where a broadcast bearer is needed to avoid multiple unicast bearers. However,
the network application may not be affiliated directly with any given network, and could in fact be using
the services of multiple networks. Keeping all such applications updated on the mapping of cells to MBMS
service areas can cause much operational complexity. The solution is to allow the network application to
provide the list of cells to the BM-SC over the MB2 interface.

When the list of cells is given to the BM-SC in a request for an MBMS bearer, the BM-SC maps the cells
to a list of MBMS service areas and can forward the list of MBMS service areas to the lower MBMS nodes
(MBMS-GW, MME, and MCE). However, there was also seen to be a need to limit the broadcast to the
smallest possible set of cells actually needed, and supported, to perform the broadcast. To achieve that,
the list of cells will also be passed down from the BM-SC to the MCE. It is at the MCE that the mapping of
cells and of MBMS service areas to MBSFNs occurs. An MBMS Service Area may include multiple
MBSFNSs that may cover an area larger than requested by the application, but as the MCE receives the

1%0 5p.140353: Proximity-based Services - phase 2.
151 TR 23.713: “Study on extended architecture support for Proximity-based services”.
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list of cells, it can identify the MBMS Service Area’s MBSFNs that do not contain any of the cells provided
by the application. As a result, the MCE can choose to initiate the broadcast MBMS bearer in only the
MBSFNSs that contain cells in that list. This helps to preserve radio resources that would otherwise be
wasted.

4.3.4 MACHINE TYPE COMMUNICATION (MTC) ENHANCEMENTS

In this section, the enhancements considered relevant and applicable towards Machine Type
Communications are described. These enhancements are Architecture Enhancements for Services
capability exposer (AESE), optimizations to support high latency communication (HLCom), Group Based
Enhancements (GROUPE), Extended DRX Cycle optimization and Monitoring Enhancements (MONTE).

14.3.4.1 DEDICATED CORE NETWORKS (DECOR)

This work studies and defines architectural enhancements required to support dedicated core networks
for specific type(s) of subscribers. The use of Dedicated Core Network (DCN) can be to provide specific
characteristics and/or functions or isolate specific UEs or subscribers (e.g., M2M subscribers, subscribers
belonging to a specific enterprise or separate administrative domain, etc.). The main architecture
enhancements are to route and maintain UEs in their respective dedicated core network (for UEs with
assigned DCN).

A dedicated core network is comprised of one or more MMEs/SGSNs and it may be comprised of one or
more SGWs/PGWs/PCRFs. A DCN may be deployed to support one or more RATs. The dedicated
MME/SGSN which serves the UE selects the dedicated S-GW and P-GW based on UE Usage Type.

A new optional subscription information parameter ("UE Usage Type") is defined for the HSS subscriber
profile and is used by the serving network to select which of its CNs shall serve the UE. For the MME, the
MME Group ldentity (MMEGI)(s) identifies a DCN within the PLMN. For SGSNs, a group identifier(s)
identifies a DCN within the PLMN. That is, the group of SGSNs that belong to a DCN within a PLMN. This
identifier can have the same format as a Network Resource Identifier (NRI) value that does not identify a
specific SGSN node in the serving area, or; “SGSN Group ID” provided by an SGSN to the RAN which
triggers the NAS Node Selection Function (NNSF) procedure to select an SGSN from the group of
SGSNs corresponding to the Null-NRI/SGSN Group ID.

The specification TS 23.401 has been updated for the following purposes:
e Definition of DECOR.

e Inclusion of MME/SGSN and SGW/PGW selection procedures. When DCNs with dedicated
MME/SGSN and S/PDN GWs are used, the DNS procedure for MME/SGSN and PDN GW
selection may be extended such that the MME/SGSN or PDN GW belonging to a DCN serving a
particular category of UEs (e.g., identified by UE Usage Type, is selected).

When DCNs are deployed, to maintain UE in same CN when the UE enters a new MME pool
area, the eNodeB's NNSF should have a configuration that selects, based on the MMEGIs or
NRIs of neighboring pool areas, a connected MME from the same CN. Alternately, for PLMN wide
inter-pool intra-RAT mobility, the operator may divide up the entire MMEGI and NRI value space

4G Americas | Mobile Broadband Evolution Towards 5G: 3GPP Rel-12 & Rel-13 and Beyond | June 2015 148



into non-overlapping sets with each set allocated to a particular CN. In this case, all eNodeBs
may be configured with the same MME selection configuration.

o NAS message redirection procedure as illustrated in Figure 4.14.

Updated Attach and Target Acquisition and Tracking Unit/Routing Area Update (TAU/RAU)
procedures: in the step that the RAN forwards the NAS message, it may also include the MMEGI
or Null-NRI/SGSN Group ID in case the NAS message has been rerouted. In the Context
Response message, the old MME/SGSN provides the UE Usage Type parameter if that value is
available

e Definition of the HSS initiated Core Network change procedure for the case when the UE’s
subscription parameter is changed, to allow the HSS to update the UE Usage Type subscription
parameter in the serving node. This procedure may result in change of serving node of the UE.

e Addition of “UE usage type” for HSS data and MME MM and EPS Bearer Context.
Similar changes are made in TS 23.060 for corresponding procedures and data as in TS 23.401.

The flow in Figure 4.14 shows NAS message redirection procedure. If DCNs are deployed, these steps
are used to reroute a NAS message (and thereby a UE) from one CN node to another CN node during
Attach, TAU or RAU procedure.

RAN Node First new MME/SGSN Second new MME/SGSN

1. Reroute NAS Message Request

2. NNSF

3. Initial UE Message/ UL-Unitdata

Figure 4.14. NAS Message Redirection Procedure.

The procedure is started when a first new MME/SGSN decides to move the handling of an Attach
Request, TAU Request or RAU Request to another CN node.

1. The first new MME/SGSN sends a Reroute NAS Message Request (original NAS Request message,
reroute parameters, Additional GUTI/P-TMSI, additional IEs) to the RAN Node. The reroute parameter is
a MMEGI (for E-UTRAN) or Null-NRI/SGSN Group ID (for UTRAN/GERAN) corresponding to the DCN
that corresponds to the UE Usage Type. A UE provided Additional GUTI/P-TMSI (if available) from the
NAS Request message is included. The MME may determine the MMEGI or Null-NRI/SGSN Group 1D

4G Americas | Mobile Broadband Evolution Towards 5G: 3GPP Rel-12 & Rel-13 and Beyond | June 2015 149



corresponding to the DCN using DNS procedures. The additional IEs are the IEs that were contained in
the Initial UE message sent to the first new MME/SGSN.

2. The RAN node's NNSF selects a new MME/SGSN based on the MMEGI or Null-NRI/SGSN Group 1D
and possibly also based on an Additional GUTI/P-TMSI. If Additional GUTI/P-TMSI identifies an
MME/SGSN within the set of valid nodes identified by MMEGI or Null-NRI/SGSN Group ID, it shall be the
selected node. Otherwise a valid CN node corresponding to the MMEGI or Null-NRI/SGSN Group ID will
be selected. If no valid MME/SGSN is available within the set of valid nodes identified by MMEGI or Null-
NRI/SGSN Group ID, the RAN node selects an MME/SGSN from the default CN or selects the
MME/SGSN that sent the Reroute Request, based on operator configuration. The MME/SGSN is selected
from the network corresponding to the PLMN selected by the UE.

3. Dependent on RAT, the eNodeB/RNC sends the Initial UE message to the selected MME/SGSN or the
BSC sends the UL-Unitdata message to the selected SGSN. The initial UE message/UL-Unitdata
message includes the NAS Request message and the MMEGI or Null-NRI/SGSN Group ID. The MMEGI
or Null-NRI/SGSN Group ID indicates that the message is a rerouted message and the second new
MME/SGSN shall not reroute the NAS message again.

The study result is captured in TR 23.707. Technical Specification TS23.236 is updated with example NRI
configuration to support DCN.

4.3.4.2 ARCHITECTURE ENHANCEMENTS FOR SERVICES CAPABILITY
EXPOSURE (AESE)

The 3GPP system has unique core assets, denoted as 3GPP service capabilities, such as
Communications, Context, Subscription and Control that may be valuable to application providers. 3GPP
Mobile Network Operators (MNO) can offer value added services by exposing these 3GPP service
capabilities to external application providers, businesses and partners using web based APIs. In addition,
3GPP MNOs can combine other internal or external services with their network capabilities to provide
richer, composite API services to their partners. This Rel-13 project studies and evaluates architecture
enhancements for a service capability exposure framework wherein the 3GPP system provided service
capabilities are exposed via one or more standardized APIs, e.g., the OMA-API(s).

Key issue 1: The main key issue studied is the architecture enhancement with the definition of the
Service Capability Exposure Function (SCEF) in 3GPP core network. TS 23.682 has been updated with
the Service Capability Exposure Function (SCEF) as shown in Figure 4.15.
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Figure 4.15. 3GPP architecture for Service Capability E><posure.15

The Service Capability Exposure Function (SCEF) provides the means to securely expose the services
and capabilities provided by 3GPP network interfaces, for external parties to discover the exposed
service capabilities and access to network capabilities through homogenous network application
programming interfaces (e.g., Network API) defined by OMA, GSMA and other standardization bodies.
The SCEF abstracts the services from the underlying 3GPP network interfaces and protocols.

The SCEF is always within the trust domain of a network operator. An application can belong to the trust
domain or may lie outside the trust domain.

The functionality of the SCEF includes the following:

182 T3 23.682.
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e Authentication and Authorization of external entities connecting/querying SECF
e Ability for the external entities to discover the exposed service capabilities

e Policy enforcement: e.g., infrastructural policies to protect platforms and network, business
policies and application layer policies

e Assurance: including integration with O&M systems, assurance process related to usage of APIs
e Accounting: traffic documentation
e Access: issues related to external interconnection and point of contact

e Abstraction: hides the underlying 3GPP network interfaces and protocols to allow full network
integration

Besides defining the SCEF, the AESE study has also concluded with solutions to the following key
issues:

Key issue 2: setting up an AS session with required QoS, the solution with SCEF interworking with the
PCREF is agreed.

The main idea is when the SCEF receives the API request from the 3rd party AS to provide QoS for an
AS session, the SCEF transfers the request to provide QoS for an AS session to the PCRF via Rx
interface.

Figure 4.16 illustrates the interactions between AS, SCEF and PCRF in this solution.
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Figure 4.16. Setting up an AS session with required QoS. °

When setting up the connection between the AS (Application Server) and the UE with required QoS for
the service, the AS sends an on-demand QoS request (application information) to the SCEF. The SCEF
authorizes the AS for the connection and QoS request. The SCEF then transfers the request to provide
QoS for an AS session to the PCRF via the Rx interface. The PCRF derives the required QoS based on
the information provided by the AS and determines whether this QoS is allowed based on network policy
and the current network load status, and notifies the result to the SCEF. As specified in TS 23.203, the
PCRF generates the PCC rules for the service based on the requested QoS and provides these PCC
rules to the PCEF.

NOTE: The concept of requesting a pre-defined QoS is specified by OMA in the RESTful Network API for
Quiality of Service. The pre-defined QoS is part of the SLA between the operator and the 3" party AS.

Key issue 3: change the chargeable party at the session set-up or during the session, the solution with
SCEF and PCRF interworking is agreed.

The main idea is that for sessions terminating to an AS, the 3rd party indicates the expected chargeable
party to the SCEF, and then the SCEF transfers the request to change the chargeable party to the PCRF
via the Rx interface. When setting up the connection between the AS and UE, the AS may request to
become the chargeable party for the session to be set up according to the procedure in clause 6.4.1.1 of
TR 23.708 (AESE). This is existing PCRF functionality defined in TS 23.203 for sponsor connectivity that
is now exposed via the SCEF.

Key issue 4: support of network resource optimization, the solution with 3rd party AS interaction on
information for predictable communication patterns is agreed.

153 TR23.708: Architecture Enhancements for Service Capability Exposure.
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The solution defines the mechanism to provide relevant information of a communication pattern of a UE
or a group of UEs to the corresponding core network node in order to provide the derived network
resource optimizations for such UE(Ss).

The SCEF may receive communication patterns for the data traffic and/or the mobility pattern. Examples
of parameters that may be contained in these communication patterns include: the UE’s data traffic and
mobility communication patterns, such as: periodic communication indicator, timer, duration and average
data value per communication, stationary indication and location, mobility area and average speed, etc.

The SCEF derives appropriate network parameters based on the received communication pattern from
the 3rd party service provider, and provides the derived network parameters to selected appropriate
functional entities (e.g., MME, eNodeB, etc.) For example, the AS provides the corresponding
Communication Pattern (CP) to the SCEF, which then authenticates and authorizes the request and
selects appropriate network parameters based on operator policy and provides them to the corresponding
MME(s). The MME uses the CP for deriving the CN assisted eNB parameters and takes also the local
network conditions and local configuration into account and stores them.

The possible use of these parameters includes: the CN assisted parameters provide the eNB with a way
to interpret the UE behavior like expected “UE activity behavior” and/or “expected HO interval”; or the
MME provides CN assistance information to the eNodeB if available, during the setup of the S1 signaling
connection (e.g., Attach, Service Request, etc.).

Key issue 5: informing the 3rd party about potential network issues, the solution using the RAN user
plane congestion solution (defined as part of Rel-13 UPCON work along with the SCEF framework) is
agreed.

Key issue 6: 3GPP resource management for background data transfer, the agreed solution is described
as follows:

The SCEF receives the API request from the 3" party for a background data transfer to UEs, including
the desired time window for the data transfer and the volume of the data expected to be transferred. The
SCEF identifies the corresponding policy group as well as the PCRF responsible for it and sends the
request to the PCRF. The PCRF determines a transfer offer including one or more recommended time
windows for the AS data transfer together with a maximum aggregated bitrate for the set of UEs and a
charging rate. The SCEF forwards the transfer offer to the 3" party AS. If the transfer offer contains more
than one time window, the 3™ party AS selects one of the time windows and informs the SCEF about it
(which forwards this to the PCRF). When the selected time window starts the PCRF triggers PCC
procedures according to 3GPP TS 23.203 [7] to provide the respective group policing and charging
information to the PCEF.

The study result is captured in TR 23.708.

§4.3.4.3 OPTIMIZATIONS TO SUPPORT HIGH LATENCY COMMUNICATION
(HLCOM)

This Work Item studies system enhancements to support: the scenario where applications communicate
with temporarily unreachable devices (could be for a long period) over the 3GPP IP connectivity; and the
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ability to support large numbers of such devices in the system without negatively affecting the system
performance.

The specific scenario is the downlink access for devices that are not reachable for a long period, e.g., due
to the UE being in Power Saving Mode (PSM) and the problems associated with such devices such as
packet discard when the UE sleeps, frequent retransmissions, load on the CN network, waste of radio
resources and UE power when the network unnecessarily conveys retransmit packets, etc.

Currently, when downlink data arrives for a UE that is in EPS Connection Management Idle (ECM-IDLE)
mode, at least one IP packet is buffered in the SGW and the UE is paged. When the UE responds to the
paging, the buffered IP packet(s) is transmitted to the UE. If there is no paging response within an SGW
implementation specific period of time, the packets are discarded. When downlink data arrive for a UE
that is in a power saving state, such as PSM, or is temporarily unavailable, or in extended idle mode due
to DRX (Discontinuous Reception), the IP packets are immediately discarded in the SGW. No paging is
done for the UE. This can result in:

e Higher load on the network
o Difficulty to reach devices that use power saving functions
e Applications being required to handle frequent transmission failures of transport protocols

e Frequent use of device triggering at network initiated communication with devices using power
saving functions

Particularly for the cases where the device is reachable again in a reasonable amount of time, the current
behavior may lead to:

e Application layer attempts which may be out of sync with the actual UE availability, which would
cause extended latency to reach the UE or lack of reachability

o Difficulty to reach devices that use extended DRX, which could make cellular a less preferred
choice, for example for Internet-of-Things and MTC applications

To solve or minimize the above problems, multiple solutions are agreed:

e For cases where the expected temporary unavailability for DL data reachability is compatible with
the delay tolerance of the application layer and transport protocols, the DL data can be buffered
in the SGW/Gn-SGSN so that when the UE is available again, the data can be immediately
delivered. The MME/SGSN, when it receives a DDN, would check whether this optimization for
HL communications is applicable, i.e., it checks whether the UE applies features that cause high
latencies like PSM or eDRX. If so, it would immediately return a DDN ACK with the request to
store packets for up to a DL buffering time T and to not send any further DDNs until the timer T
expires. The MME/SGSN remembers that paging is needed at the next occasion or that RAB(s)
need to be set up when the UE becomes reachable. The SGW then buffers the DL packet(s) and
waits for the establishment of the S1-U/S12/Ilu bearers for the UE, or until time T has elapsed.
The SGW may discard all buffered packets that are stored longer than time T. While there are
packets in the buffer or the timer T is running, the SGW does not issue any additional DDN upon
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receiving any additional DL packet for the same UE. And if more than a SGW-decided amount of
packets are received, the SGW also starts discarding packets.

e For coordinating with the AS/SCS when downlink data can be sent to a UE that uses PSM or
eDRX, 2 solutions are agreed to allow AS registering with network nodes for UE availability
notice:

o The AS registers with the SCEF. If an SCS/AS wants to send downlink data to a
sleeping UE (e.g., to a UE that is adopting Power Saving Mode), the SCS/AS registers a
new onetime “UE reachability” monitoring event via the SCEF-interface/API in order to
detect delivery availability. Then the SCS/AS sends MT data only when the UE is
reachable (i.e., when the SCS/AS receives a 'UE reachability' notification)

o The AS registers with the HSS via the SCEF. In this solution, the AS contacts the SCEF
to subscribe with the HSS for “Notify on available” event notification. The registration is
made known to MME/SGSN. The AS will get notification from the MME/SGSN via the
SCEF only when the UE becomes reachable

e For coordination of maximum latency between the application and the network, 2 solutions are
agreed:

o Through the use of coordination between the UE and the application for setting of PSM
maximum response time (with which the application is tolerant for the initial IP packet
transmission). The application either pre-configures the UE or coordinates online with the
UE for the “maximum response time”. When the parameters for PSM and eDRX are set
in the EMM/GMM NAS requests and sent to the MME/SGSN, the MME/SGSN checks the
received parameters and time values and sets relevant MME/SGSN timers based on the
received time values, operator policies and network configuration, and returns the
negotiated Active time and Extended Periodic Timer in the NAS response. The end-to-
end experience should be that any (initial) MT data does not exceed the maximum
response time conveyed.

o Through the parameter setting on Maximum latency in monitoring event configuration
from the SCS/AS to the SCEF, as defined in MONTE for the UE Reachability event. This
is documented in TR 23.789 for MONTE.

The HLcom study result is captured in TR 23.709.

24.3.4.4 GROUP BASED ENHANCEMENT (GROUPE)

Based on the requirements in TS 22.368 sec 7.2.14, to optimize handling of groups of MTC devices in the
network, this work studies and evaluates architectural enhancements required for Group based features.
In Rel-13, the following key issues have been studied and concluded:
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1. Message Delivery to a Group of Devices

Group based messaging can be used to efficiently distribute the same message (e.g., a trigger request)
to those members of an MTC group that are located in a particular geographical area on request of the
SCS (Service Capability Server).

Proposed solutions based on cell broadcasting, MBMS, using PDN connections, and T4 message
delivery are studied. It is agreed that the MBMS architecture is re-used for group message delivery. The
BM-SC (Broadcast Multicast Service Centre) allocates a TMGI (Temporary Mobile Group Identity) for a
specific MBMS user service.

In the solution, the SCEF is connected to the BM-SC. SCS/AS provides both the content to be
broadcasted and additional information to SCEF.

Figure 4.17 shows the group message delivery architecture.
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Figure 4.17. MBMS based group messaging architecture.154

The SCEF authenticates and authorizes the SCS/AS requests. It is still being decided if this is done by
interrogating the HSS or is directly authorized within the SCEF. If there is no assigned TMGI for an
External Group ID, the AS can coordinate with the BM-SC through the SCEF for TMGI allocation. The
SCEF optionally includes some parameters, such as TMGI, geographic area of delivery, delivery
schedule, and group message content in the Activate MBMS Bearer Request message and forwards the
message to the BM-SC. This will trigger the session start procedure based on the service areas. The
SCEF or SCS/AS provides the group message content to the BM-SC on the MB2-U interface at the
scheduled time; the SCEF can also generate Call Detail Records (CDR) for the session.

Group message delivery using MBMS is more suitable to deliver a group message to a large group
membership in a particular geographical area. This solution has limited applicability and does not support
all the scenarios (e.g., UEs not supporting MBMS and UESs sitting in areas where MBMS is not deployed).

2. Group Based NAS Level Congestion Control

Devices that belong to a predefined group may overload the MME by generating a large amount of NAS
signaling. For example, a particular group of devices may continuously try to connect to a non-responding
server and do so by repeatedly (and successfully) re-attaching to the network during the recovery phase
of this particular server. This causes a significant amount of unnecessary attach procedures and,

1% TR23.769: Group based Enhancements.
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depending on the number of affected devices, this may disturb or even hinder the attach procedures of
other UEs that do not relate to the failure of the MTC server.

The key issue is how the network determines that UEs belonging to a specific group are causing NAS
signaling overload/congestion, in order to provide a mechanism for the MME/SGSN to distinguish attach
requests originating from this group of devices, which is to be identified by the proposed group identifier,
and in order to apply existing NAS level mobility management congestion control schemes.

A 3GPP internal group identifier “internal-group-id” is used to identify the group to which the UE belongs.
It is part of the subscriber data in the HSS and is sent by the HSS to the MME/SGSN as part of normal
EPS signalling.

The determination of NAS signaling overload/congestion is at individual MME/SGSN granularity. The
MME/SGSN may detect the NAS signaling congestion associated with the Group and start and stop
performing the Group based congestion control based on criteria such as:

e Maximum rate of EPS Bearer activations per Group

e Maximum rate of mobility management signaling requests associated with the devices of a
particular Group based on per Group thresholds

¢ Maximum rate of EPS Bearer activations per Group and APN

e Maximum rate of session management signaling requests associated with the devices of a
particular Group and a particular subscribed APN based on Group and APN thresholds

e Settings in network management

Similar mechanisms as defined in TS 23.401 for APN based congestion control will be used to address
congestion control for group based mobility management and session management signaling. Group_ID-
list is added in HSS data and MME MM bearer control data in TS 23.401.

3. Group Based Addressing and ldentifiers

Group based addressing and identifiers are essential to support group based features such as: delivery of
group messaging and group policing; to determine if a subscription is a member of a specific group; or to
address the individual devices within a group. But in this Release, the entity responsible for the mapping
is assumed to be out of the 3GPP scope.

The study result is documented in TR 23.769. Technical Specification TS 23.401 and 23.682 have been
updated for group based enhancement features. The 3GPP Architecture for Service Capability Exposure
diagram (Figure 4.15) in TS 23.682 is updated with the BM-SC to SCEF interface (MB2).

24.3.4.5 EXTENDED DRX CYCLE FOR POWER CONSUMPTION OPTIMIZATION

In Rel-13 a study item for extended DRX cycle for power consumption optimization is in progress in SA2.
The study intends to complete the work that was initiated as part of Rel-12 work on MTC Power
Consumption Optimization. Both extended DRX for idle mode and connected mode are being considered.
The SA2 study is focused on the implications in the core network and the 3GPP system in general,
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considering both GSM EDGE Radio Access Network (GERAN), UTRAN and E-UTRAN access. Detailed
RAN aspects are being (or proposed to be) further studied in RAN2.

The following aspects are being studied for long DRX cycles (e.g., beyond 10.24 seconds for LTE):

For Idle Mode DRX:

e Support for NAS-protocol extensions to enable an extended DRX cycle. There needs to be
coordination between UE and Core Network (SGSN/MME) for use of extended DRX

e Paging strategy in CN that fits the needs of the extended DRX cycle and normal DRX cycle

¢ Handling of MT SMS, e.g., avoiding retransmissions for long DRX cycles

e Impactin S/P-GW retransmissions when handling Network originated control plane procedure
¢ Handling MME restart

¢ Interaction between eDRX and PSM (Power Saving Mode)

e MT Location services support

¢ Handling of Mobile Terminated Data

For Connected Mode DRX:

¢ How SGSN/MME is aware of GERAN/RAN enabling extended connected mode DRX, particularly
for long DRX values

¢ Handling NAS retransmissions timers for DRX values longer than the currently specified values

¢ Handling of MT SMS and MT location services (e.g., avoiding retransmissions for long DRX
cycles)

e Impactin S/P-GW retransmissions when handling network originated control plane procedure.

The standard work has started in December 2014

are being captured in TR 23.770"%°.

, and is currently in progress. The results of the study

24.3.4.6 MONITORING ENHANCEMENTS (MONTE)

As part of Rel-13 Machine Type Communications (MTC) projects, this work item studies, in particular, the
ability to monitor various aspects of device operation. A primary mechanism was defined that allows an
application (e.g., an SCS/AS as defined by oneM2M) to be able to access the set of capabilities required

155 5p-140881: New Feasibility study on Extended DRX cycle for Power Consumption Optimization.

1% TR 23.770: Study on System Impacts of Extended DRX Cycle for Power Consumption Optimization.
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for monitoring via different 3GPP interfaces/nodes (e.g., HSS via Sh (with enhancements)), or PCRF via
Rx (with enhancements), or MME/SGSN via the new interface T6a/T6b to SCEF.

The mechanism defined involves the use of the AESE architecture as described in section 4.3.4.2 of this
paper. The SCS/AS accesses the Service Capability Exposure Function (SCEF) which can use any of the
3GPP defined interfaces that the PLMN operator has chosen to expose. The SCEF is inside of the PLMN
operator’s trust domain and therefore able to apply PLMN operator policies. The SCEF can use a new
interface (S6t) to insert the trigger into the HSS. If the HSS can supply the answer in a single report, it
does so immediately to finish the request. If the serving MME/SGSN is the entity that must satisfy the
request, the HSS uses existing procedures to send the trigger to the serving MME/SGSN. If the request
can be satisfied by a single report, the report can be sent to the HSS to be sent to the SCEF, and finally
back to the SCS/AS. If, however, the request involves multiple reports, the serving MME/SGSN can send
the reports directly to the SCEF. Of course, since the SCEF can apply PLMN operator policies, the
reports may be filtered before being sent to the SCS/AS.

The particular events and data that are supported in Rel-13 are:
e Single report of roaming status or serving network of UE
e Change in roaming status or serving network of UE
e Single report of current location of UE
e Single report of last known location of UE
¢ Reporting upon change of location area
e Continuous reporting of location
e Change in association of the MTC device and UICC
e Loss of connectivity
e UE reachability
e Communication failure
¢ Reporting the number of UEs present in a certain area

A new interface, named T6a/T6b, from the MME/SGSN to the SCEF is defined in Rel-13 to support
delivery of reports from the MME/SGSN to the SCEF.

The mechanism for monitoring described here is generic, in the sense that additional events and data
requests can be supported using this same mechanism, if there is an agreed need in the future to do so.

The study report is captured in TR 23.789, and the specification TS 23.682 is updated for the architecture
and features.
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|4.3.5 PAGING POLICY DIFFERENTIATION FOR INTERNET PROTOCOL
|MULTII\/IEDIA SUBSYSTEM (IMS) VOICE OVER E-UTRAN

Packet core signaling in the early deployments of large-scale LTE networks is significantly higher than in
existing 2G/3G core networks. The paging traffic in particular, generated by MMEs to UEs in idle state to
support a network service request, appears to be significant and to represent a substantial part of the
total signaling load on the MME (e.g., in dense metropolitan areas). This is partly due to the flatter IP
architecture of LTE where the macro and metro cells are directly connected to the MME, and to the
increase of the paging load caused by M2M or other applications installed on smart phones.

Prior to 3GPP Rel-13, MNOs can apply different paging strategies for services carried over different EPS
bearers (the MME can use the EPS bearer context information identified by the EPS bearer Identity
received in the Downlink Data Notification message from the SGW in order to control the paging based
on operator policy). Paging strategies may include:

e The paging retransmission scheme (e.g., how frequently the paging is repeated or with what time
interval)

¢ Determining whether to send the Paging message to the eNodeBs during certain MME high load
conditions

e Whether to apply sub-area based paging (e.g., first page the UE in the last known ECGI or
Tracking Area (TA) and retransmission in all registered TAS)

Tailoring the MME paging strategy for each type of service allows for reduction of the paging signaling
load while still matching the expectations for each type of service in terms of quality of service.

IMS Voice and other IMS services (e.g., SMS and other non-voice services) could only share the same
paging strategy as they are using the same IMS signaling bearer.

Voice over E-UTRAN calls typically require a more aggressive paging strategy (e.g., due to the user
awareness of the call setup time) than other non-voice services. A more aggressive paging scheme
maximizes the probability of success on first page attempt. Applying the same aggressive paging strategy
for all services using the IMS signaling bearer, regardless of whether these services correspond to IMS
voice or not, causes an undesirable increase of the paging load for non-voice over E-UTRAN services.
When termination attempts for non-voice over E-UTRAN services occurs at a rate of 2 to 3 times that of
termination attempts for voice over E-UTRAN services, a significant savings of radio and MME resources
can be achieved by using a less aggressive paging strategy for the non-voice services.

Paging Policy Differentiation for IMS Voice over E-UTRAN is a new optional feature specified in Rel-13,
which allows the MME, based on operator configuration, to apply different paging strategies in LTE
access for VOLTE vs. other services carried over the IMS signaling bearer.

This feature is illustrated in an example shown in Figure 4.18.

4G Americas | Mobile Broadband Evolution Towards 5G: 3GPP Rel-12 & Rel-13 and Beyond | June 2015 161



[ VE] lnNodes| [ MMvE ] [sew | [ epoNnow | [pcsck

1. SIP INVITE

2. IP packet with (voice media)

3. Downlink Data DSCP for VoLTE

&
al « N

4. Downlink Data Notification (Paging Policy Indication = DSCP fpr VoLTE)

4. Downlink Data Notification Ack

_ 5. Paging
5.Paging |
6. Service Request Procedure
7. Downlink Data E-UTRAN
- —— e = = = = = = — ===

Figure 4.18. Paging Policy Differentiation for IMS Voice over E-UTRAN.

1. The determination of whether an IMS signaling packet sent towards the UE should be subject to paging
policy differentiation for IMS Voice is made by the P-CSCF. The P-CSCF indicates whether a packet
carrying IMS signaling deserves a specific paging strategy using a specific DSCP (IPv4) / Traffic Class
(IPv6) value, which is configured on the P-CSCF and the MME. PGW remains unchanged.

2. When it supports Paging Policy Differentiation feature, the Serving GW provides the MME with a
Paging Policy Indication, containing the DSCP in TOS (IPv4) / TC (IPv6) information received in the IP
payload of the GPRS Tunneling Protocol User Plane (GTP-U) packet from the PGW, in the Downlink
Data Notification.

3. The Paging Policy Indication received in the Downlink Data Notification is used by the MME to
determine whether Paging Policy Differentiation for VoLTE is required for a UE in idle mode.

Operators can configure the MME in such a way that the Paging Policy Indication only applies to certain
HPLMNSs and/or APNs and/or QCls.

The previously described enhancements are expected to be finalized in Rel-13. It should be noted that
there is no RAN impact.

There are also ongoing 3GPP studies as part of Releases 13 and 14 to further reduce the paging
signaling load in LTE, both at radio interface and at MME, in particular for static and low mobility UEs.
Possible enhancements considered include the storage of RAN information (frequency bands supported
by the UE, list of cells the UE has been connected to with/without their neighboring cells, etc.) sent by the
eNB to the MME at/before S1 release, stored by the MME, and then relayed by the MME at future paging
to the concerned eNBs. Such mechanisms reduce the number of cells under which the UE is paged while
optimizing the probability to reach the UE at the first paging attempt.
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4.3.6 ENHANCEMENTS TO WEBRTC INTEROPERABILITY (eWebRTCi)

Continued from Rel-12 WebRTC work, this work item studied the use case that WebRTC clients’ IMS
subscription correspond to the third party managed users, e.g., corporate users or the users of a web
service such as a game, where a range-IMPU corresponds to a set of IMPU (called “individual IP
Multimedia Public Identity (IMPU)”) that share the same IMS services. The characteristics of this scenario
can be:

e The number of the third party managed users may scale from a small number to a huge number

e The assignment for Public User ID (PSI) for the third party managed users is left to a 3rd party
(Corporate/Web service). This supports flexibility for the 3rd party to manage their services and
users. For example, such range-IMPU may be defined in the format of “L.*l@my-
game.company.com”

The architecture working group studied three proposed solutions:

Solution 1: uses single HSS subscription for a range of IMPU which is shared by the range of IMPU. An
IMS registration of this individual IMPU takes place, including the allocation of the Serving Call Session
Control Function (S-CSCF) for this individual IMPU and the retrieval of user subscription from the HSS.
The 3" party is responsible for (where needed) authenticating the end-user and of allocating individual
IMPU within the scope of the range-IMPU. The HSS does not perform registration for an individual IMPU.
The relationship between individual IMPU and S-CSCF is stored in another DB: the WUDB (“WWW users
DB”). I-CSCF is modified to consider the IMPU belonging to the domain associated with WWW users
(e.g. *.*www@operator.com) as some kind of PSI (Public Service ID). For any incoming request, the I-
CSCF looks up the WUDB, instead of issuing a LIR to the HSS, to find the S-CSCF for the terminating
user.

The architecture is shown in Figure 4.19.
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Figure 4.19. Solution 1 architecture.

%7 TR23.706: Study on enhancements to Web Real Time Communication (WebRTC) access to IP Multimedia Subsystem (IMS).
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This solution has impacts on procedures in the S-CSCF and the Interrogating CSCF (I-CSCF), as well as
the new WWW users DB (WUDB) and interfaces W6, W7.

Solution 2: is similar to solution 1, but with different content in WUDB and procedures. It supports 3

party allocated external identities (non-IMS identities). The solution proposed wiMPU (wildcard IMS
Public Identity) with single HSS subscription and with wiIMPU Registrar (WUDB) to hold the registration
status of WICs that have been allocated an individual IMPU.

Figure 4.20 shows the solution 2 architecture.
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Figure 4.20. Solution 2 architecture.

The solution supports two options: identities are allocated by the third party provider or by the IMS
provider.

In the second option, WICs (WebRTC IMS Client) can use their external identities for session initiation
and termination. IMS identities are allocated to a third-party external user at registration by the eP-CSCF
and are only used within the IMS domain. Upon successful WIC authorization of an incoming WIC
Registration Request, the enhanced P-CSCF (eP-CSCF) stores the binding between the external (non-
IMS) identity and the allocated individual IMPU in the wiMPU Registrar, as well as other relevant
registration information for the WIC.

When identities are allocated by the eP-CSCF, the eP-CSCF shall query the wiMPU Registrar for
originating sessions to retrieve the registration context and perform the necessary request modification
before routing the session using standard IMS originating procedures. When identities are allocated by
the third party, the eP-CSCF uses standard IMS originating procedures to handle the request. For
terminating sessions, the I-CSCF shall query the wIMPU Registrar to validate the registration status of a
called IMPU (or an external WIC identity if identities are allocated by the eP-CSCF), and query the HSS
for routing information using standard IMS terminating procedures. The I-CSCF shall use the domain
name of the target WebRTC user to distinguish WebRTC users from other IMS users.

%8 |pid.
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This solution has impacts to the I-CSCF and the eP-CSCF, and the addition of new WUDB, as well as the
W6/W?7 interfaces.

Solution 3: proposed using HSS to support IMS subscriptions corresponding to users managed by third
parties. This solution re-uses Rel-12 WebRTC architecture as shown in Figure 4.21 without
modifications.
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Figure 4.21. Standard WebRTC IMS architecture.™

The 3rd party assigns the IMPUs with a maximum freedom on the IMPU format, i.e., it is not restricted to
IMPUs as *.*@operator.com but is also allowed to allocate public IDs as *.*@3rdParty.operator.com
without configuring the I/S-CSCF.

The HSS uses a profile which is configured or provisioned for each class IMPU as a template. During the
registration process the HSS creates a normal user profile for the requested IMPU (based on the
template) and stores the related S-CSCF address. The HSS may control the number of IMPUs created
out of a certain template, if needed. During de-registration of an IMPU, the related user profile may be
deleted and becomes free for reuse.

The HSS can also use a profile which is additionally configured or provisioned for each class IMPI as a
template. During the registration process the HSS creates a normal IMPI for the requested IMPU/IMPI
pair (based on the IMPI template). The HSS may control the number of IMPIs created out of a certain
template, if needed. During de-registration of an IMPU/IMPI pair the related IMPI may be deleted and
becomes free for reuse. Only if no IMPI is registered with an IMPU, which was created from an IMPU
template, can the profile related to that IMPU be deleted and become free for reuse. Such an IMPI
template may be associated to a provisioned IMPU or a provisioned/configured IMPU template.

1% 1523.228.
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All registrations are handled as individual registrations, i.e., an allocated IMPU looks like a dedicated
IMPU towards the I-CSCF and S-CSCF; changes to the I-CSCF and S-CSCF are not required. In this
case, the Cx interface remains unchanged and no new interfaces or new protocols are required.

Normal termination call handling is supported. The HSS keeps correct registration states supporting
interworking with existing application services (e.g., NetLoc, T-ADS).

After evaluations and debates, the working group agreed that solution 3 is endorsed for the key issue
“Single HSS subscription for an unbounded number of users”. The study result is captured in TR 23.706,
and no specification change is needed.

4.3.7 SUPPORT OF ENHANCED VOICE SERVICES (EVS) IN 3G CIRCUIT
SWITCHED NETWORKS

Following the introduction, in Rel-12, of the new EVS codec for Multimedia Telephony (MMTel), 3GPP
has started working on extending the support of EVS over UMTS CS networks. This will improve user
quality and capacity for CS users, also providing a seamless voice experience between and across CS
and VolP networks.

The work spans across S4 (codec requirements), RAN (UTRAN updates) and CT (for NAS/CN updates).
More specifically, the work targets the following main areas:

Codec requirements
e CS EVS mode sets, configurations and code point(s)

e EVS Speech Codec Frame Structure (and operation over Uu, lu and Nb interfaces), and channel
coding

RAN aspects
e Definition of new EVS CS RABs and RAB/RB combinations (single/multi-RAB)
o Update of RRC and UTRAN signaling, if/as needed

CT aspects
e Update of codec list indication/negotiation over NAS and internal CN interfaces, if/as needed
e Adding support of EVS to codec parameter translation between CS and the IM CN subsystem
e Adding support for TrFO (and may be TFO) with EVS over UMTS CS

The standards work started in September 2014, with codec requirements in S4; RAN started in 1Q 2015;
and CT started in 2Q 2015, 16* 162

160 5p._140485: New WID on Support of EVS in 3G Circuit-Switched Networks.
161 RP-142282:New WI proposal: Support of EVS over UTRAN CS.
162 ©4-150214: CT aspects of EVS in 3G Circuit-Switched Networks.
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14.3.8 ENHANCED DYNAMIC ADAPTIVE STREAMING OVER HTTP (DASH)
|IN 3GPP

Following the outcomes of a previous study on Improved Support for DASH'®®, 3GPP started to work on

Rel-13 enhancements for DASH-based services, targeting normative aspects and operational guidelines
as per relevant gaps identified during the study.

Specifically, the Rel-13 work aims at covering the following aspects:

e For Live Services, additional tools are considered to optimize efficiency and robustness. Of
specific interests are latest extensions and technologies defined in MPEG-DASH** and DASH-IF

e Inorder to align with common industry practices on DRM and Content Protection, it is expected to
align on common practices for Content Protection, especially with the support of common
encryption'® to enable multi DRM support with the same media formats

e Another relevant aspect is the alignment with common industry profiles in order to support broad
usage of the same content for 3GP-DASH and other DASH services

e The addition of metadata to support client-controlled streaming services is considered. This
includes quality metadata for proper selection data, as well as location information in case the
same content is offered from different viewing angles

e Support of methods to address optimized DASH Operation with network proxy caches as well as
services for caching of DASH content at UE functions. Solutions provided by International
Organization for Standardization (ISO)/MPEG as part of their Core Experiment on SAND (Server
and Network assisted DASH) are considered in this context

e Support for consistent playout behavior of specific content with metadata support and dedicated
client behavior including authentication, authorization and session control

e Ad Insertion is a relevant aspect for streaming services, in particular for targeted and
personalized ads, In this work item the optimizations provided in the second edition of MPEG-
DASH are being considered for addition in order to enable more comprehensive and more feature
rich use cases

o Deployment guidelines defined for content authoring, client operation and operational guidelines
for using the 3GPP PCC architecture with consistent QOE/QoS support, hybrid broadcast/unicast
services, content encoding guidelines, operator control of video streaming services and other
above enhancements

Work on the standard started in September 2014™° and was in progress at the writing of this paper.

There is intense coordination with MPEG and DASH Industry Forum (DASH-IF) to ensure one unified
Adaptive HTTP-Streaming Standard in different domains.

162 5pP-140485: New WID on Support of EVS in 3G Circuit-Switched Networks.
164 |SO/IEC 23009-1:2014.
185 |SO/IEC 23001-7:2015.
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|4.3.9 APPLICATION SPECIFIC CONGESTION CONTROL FOR DATA
| COMMUNICATION (ACDC)

ACDC is intended to be an access control mechanism allowing the operator to prioritize/restrict access
attempts from specific applications, so as to mitigate overload of the access network and/or the core
network. This mechanism is optional at both the network side and the UE side, and is applicable to both
UTRAN and E-UTRAN. It is not applicable to high priority UEs (UEs that are a member of one or more
Access Classes 11 to 15).

The mechanism consists of the following:

e The home network will configure the UE with at least 4 ACDC categories, ranked in decreasing
order of probability of being restricted (i.e., ACDC category 1 having the lowest probability of
being restricted), and with a list of operator-identified applications in each of these ACDC
categories

e The network will broadcast access control information (e.g., barring rates) for each ACDC
category and will also broadcast an indication of whether ACDC applies to roaming UEs

e When an application at the UE triggers an access attempt, the UE will check the ACDC category
to which this application belongs, then apply access control per the information broadcast by the
network for the corresponding ACDC category. If the application does not belong to any ACDC
category, the UE will consider the application as belonging to the lowest-ranked ACDC category
(i.e., the ACDC category that is the highest probability of being restricted)

The feasibility study in SA1 was completed in June 2014'® ' and the normative work in SA1 was

completed in September 2014 '°. Stage 3 work in CT1*"* and RAN2'"? was in progress at the writing
of this paper. In CT1, it was agreed that OMA-DM will be used by the home operator to configure the UE
for ACDC, using new ACDC Management Object."”

4.4 RELEASE INDEPENDENT FEATURES

As described in Section 3.4, this section lists the frequency bands and CA combinations introduced in
Rel-13.

4.4.1 FREQUENCY BANDS

New frequency bands that are completed in Rel-13 or still being defined in Rel-13 are captured in Table
4.4. At the writing of this paper, new frequency bands have not been completed for Rel-13.

166
167

SP-140486 Rel-12 CT4 Stage 3 Work Item Exception for Diameter Overload Control Mechanisms.

SP-130415: Revised WID on Study on Application specific Congestion control for Data Communication (FS_ACDC).

168 TR 22.806 : Study on application-specific congestion control for data communication.

16% 5p.140234 : New WID on Application specific Congestion control for Data Communication.

70 75 22.011 :Service accessibility.

1 ©P-140999: New WID on CT aspects of Application specific Congestion control for Data Communication (ACDC).

172 RP-150512: New Work Item Proposal on RAN aspects of Application specific Congestion control for Data Communication
(ACDC).

3 CT1 ACDC MO TS 24.105.
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Table 4.4. Rel-13 Frequency Bands.

Frequency Band Description

E-UTRA/ UTRA

2 GHz LTE Band for Region 1

E-UTRA

65

RP141710

AWS Extension Band

E-UTRA

66

RP-150428

Through Rel-12, there are a total of 42 UTRA/EUTRA frequency bands defined, as tabulated in Appendix
A. Of these 42 UTRA/EUTRA bands, 30 are FDD and 12 TDD. In releases prior to Rel-12, 3GPP
standards used 6 bits in representing a band number. That resulted in a number space ranging from 1 to
64. Band numbers 1 to 32 are designated for FDD and 33 to 64 TDD. By the end of Rel-12, all FDD band
numbers were used and the FDD number space depleted. In order to allow new UTRA/EUTRA frequency
bands to be defined, 3GPP has since increased the band number bits from 6 to 8. Thereby, the band
number space has been expanded to accommodate a maximum of 256 UTRA/EUTRA bands.

4.4.2 LTE CARRIER AGGREGATION COMBINATIONS

Bands completed in Rel-13 for LTE CA combinations are captured in Tables 4.5, 4.6, 4.7, and 4.8

respectively, depending on CA configurations.

intra-band contiguous CA.

Table 4.5. Rel-13 E-UTRA CA configurations and bandwidth combination sets defined for

E-UTRA CA configuration / Bandwidth combination set
Uplink Component carriers in order of increasing

E-UTRA CA carrier frequency Maximum Bandwidth

CA configur Channel Channel aggregated L

. . Channel . : . combinati
configura- | a-tions . bandwidths | bandwidths | bandwidth
. bandwidths for . . on set
tion (NOTE 3) carrier [MHz] for carrier for carrier [MHZ]
[MHZz] [MHZz]

CA 7B 15 5 20 0

Table 4.6. Rel-13 E-UTRA CA configurations and bandwidth combination sets defined for

inter-band CA (two bands).

E-UTRA CA configuration / Bandwidth combination set

Uplink CA Maximum Bandwidth Dual
E-UTRA CA configurations | E-UTRA 14 3 5 10 15 20 aggregated combination uplink
Configuration (NOTE 4) Bands MHz | MHz MHz MHz | MHz | MHz | bandwidth set CA
[MHz] capability
- 2 Yes Yes | Yes Yes
CA_2A-28A 40 0 No
28 Yes Yes | Yes Yes
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Uplink CA Maximum Bandwidth Dual
E-UTRA CA configurations | E-UTRA 14 3 5 10 15 20 aggregated combination uplink
Configuration (NOTE 4) Bands MHz | MHz MHz MHz | MHz | MHz | bandwidth set CA
[MHZz] capability
- 4 Yes Yes Yes Yes
CA_4A-28A 40 0 No
28 Yes Yes Yes Yes
- 20 Yes Yes Yes Yes
CA_20A-31A 25 0 No
31 Yes | Yes
- 25 Yes | Yes Yes | Yes Yes
CA_25A-26A 35 0 No
26 Yes Yes | Yes Yes Yes
CA 2A-2A- - 2 See CA_2A-2A in Table 5.6A.1-3
= 50 0 Yes
12A 12 Yes Yes
- 3 Yes Yes Yes Yes
CA_3A-7B ; See CA_7B bandwidth combination set 0 in | 40 0 Yes
table 5.6A.1-1
- 3 See CA_3A-3A Bandwidth Combination Set 0
in table 5.6A.1-3 50 0 No
8 ‘ ‘ Yes ‘ Yes ‘ ‘
CA _3A-3A-8A
3 See CA_3A-3A Bandwidth Combination Set 1
in table 5.6A.1-3 40 1 No
8 Yes Yes
- 5 Yes Yes
CA_5A-29A 20 0 No
29 Yes Yes
- See CA_7B bandwidth combination set 0 in
7
CA_7B-28A table 5.6A.1-1 0 0 No
28 ‘ ‘ Yes ‘ Yes ‘ Yes ‘ Yes
- 7 See CA_7C bandwidth combination set 2 in
CA_7C-28A table 5.6A.1-1 60 0 No
28 Yes Yes Yes Yes
8 Yes Yes | Yes Yes
CA 8A 41A 30 0 No
41 Yes Yes
- 8 Yes Yes | Yes Yes
CA_8A_41C Yes Yes | 50 0 No
41
Yes
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Table 4.7. Rel-13 E-UTRA CA configurations and bandwidth combination sets defined for
inter-band CA (three bands).

E-UTRA CA configuration / Bandwidth combination set

. Maximum .
E-UTRA CA coggllz:'(a(t:iéns EUTRA | 1.4 3 5 10 15 20 aggregated Ci;”&‘r’git:n
Configuration 9 Bands MHz MHz MHz MHz MHz MHz bandwidth
(NOTE 5) set
[MHZz]
1 Yes Yes Yes Yes
CA_1A-3A-28A 3 Yes Yes Yes Yes 60 0
28 Yes Yes Yes Yes
2 Yes Yes Yes Yes
CA_2A-5A-29A 5 Yes Yes 40 0
29 Yes Yes
3 Yes Yes Yes
7 Yes Yes 40 0
8 Yes Yes
CA 3A-7A-8A
3 Yes Yes Yes Yes
7 Yes Yes Yes 50 1
8 Yes Yes
3 Yes Yes Yes Yes
CA_3A-7A-28A 7 Yes Yes Yes Yes 60 0
28 Yes Yes Yes Yes
Table 4.8. Rel-13 E-UTRA CA configurations and bandwidth combination sets defined for
non-contiguous intra-band CA (with two sub-blocks).
E-UTRA CA configuration / Bandwidth combination set
Component carriers in order of
. increasing carrier frequenc Maximum . .
Uplink CA g quency Bandwidth | uplink
E-UTRACA . . Channel Channel Channel aggregated o
. . configurations ; : : . combination CA
configuration bandwidths | bandwidths | bandwidths | bandwidth .
(NOTE 1) . . . set capability
for carrier for carrier for carrier [MHZz]
[MHZz] [MHZz] [MHZz]

Through Rel-12, the total number of LTE CA configurations reached 3-digits. According to 3GPP TS
36.101 V12.6.0, the total LTE CA count is at 131. Rel-13 will continue to add new LTE CA configurations.

At the writing of this paper, all LTE CA combinations can be categorized into three categories:

Intra-band contiguous CA

Inter-band CA, with two bands or three bands
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e Intra-band non-contiguous CA

Per 3GPP Rel-12 TS 36.101 V12.6.0, there are a total of 14 intra-band contiguous CA configurations, as
tabulated in Appendix A Table A-2; there are a total of 81 inter-band CA configurations with two-bands, as
tabulated in Appendix A Table A-3; there are a total of 26 inter-band CA configurations with three-bands,
as tabulated in Appendix A Table A-3a; and there are a total of 10 intra-band non-contiguous CA
configurations, as tabulated in Appendix A Table A-4.

Rel-12 LTE CA allows a maximum of three component carriers in the downlink CA; Rel-13 already
enhances it to a maximum of four component carriers in the downlink CA, and further enhancement in
this regards is possible. Rel-12 LTE CA also allows a maximum of two component carriers in the uplink
CA to pair with two-carrier downlink CA. Rel-13 LTE CA includes work on an enhancement to allow two-
carrier uplink CA to pair with three-carrier downlink CA. Last but not least, TDD-FDD CA for 3DL
combinations is also currently being considered in 3GPP.

[4.4.3 HSPA CARRIER AGGREGATION COMBINATIONS

For HSPA, the only Release-independent band combinations being standardized as part of Rel-13 are
dual band UL carrier aggregation. In particular, the following configurations in Table 4.9 for dual-band
DL/UL operation have been agreed so far (to be added to TS25.101 and TS25.104).

Table 4.9. Dual-Band DL/UL.

UL Band | Number of DL Number of DL Number of
UL carriers | Band | DL carriers | Band | DL carriers
in Band A/B A in Band A B in Band B

I and VIII 1 | 1 VIl 1

I and VIII 1 | 2 VIl 1

I and VIII 1 | 2 VIl 2

I and VIII 1 | 1 VIl 2

I and VIII 1 | 3 VIl 1

land V 1 | 1 \% 1

land V 1 | 1 \% 2

land V 1 | 2 \% 1

land V 1 | 2 \% 2

Iland V 1 Il 1 \% 1

Iland V 1 1 1 \% 2
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5 CONCLUSION

Mobile data usage demands continue to increase exponentially, and projections show no signs of this
trend slowing down. To meet the growing demands and support of new mobile applications as they are
introduced, 3GPP has continued to introduce rich new features through Rel-12 and Rel-13. This white
paper has presented a thorough treatment of key features in both releases.

The continued evolution of 3GPP technology is on track, providing significant new capabilities and
enhancements to HSPA+ and LTE-Advanced with the completion of Rel-12 in early 2014. Since then,
there has been great progress on Rel-13 to provide operators with solutions to satisfy the fast growing
wireless data usage demands of consumers and the industry.

Rel-12 contained a vast array of features for both LTE and HSPA+ that bring greater efficiency for
networks and devices and enable newer services. For LTE, Rel-12 included enhanced features such as:
Downlink Multiple-Input Multiple-Output (DL MIMO), small cells, User Equipment (UE), Heterogeneous
Networks (HetNet), Dual Connectivity (DC), Frequency Division Duplex-Time Division Duplex Carrier
Aggregation (FDD-TDD CA) and Machine Type Communication (MTC), as well as support for Device-to-
Device (D2D) or Proximity Services (ProSe) and Multimedia Broadcast Multicast Services (MBMS) and
group communications enhancements. For HSPA+, Rel-12 included enhancements for HetNets, further
improvements to Home NodeBs, Uplink (UL) transmit diversity, Quadrature Amplitude Modulation
(64QAM) and Multiple-Input Multiple-Output (MIMO), and further Dedicated Channel (DCH)
advancements. Finally, Rel-12 also included Wi-Fi integration enhancements (both through Access
Network Discovery and Selection Function (ANDSF) policy and Radio Access Network (RAN) rules),
enhancements for Web Real Time Communication (WebRTC) and other multimedia such as Enhanced
Voice Services (EVS), enhanced multicast and broadcast services and video, as well as enhancements
to Policy and Charging Control (PCC).

While Rel-12 closed in December 2014, Rel-13 has an expected finalization by early 2016. Numerous
studies that have been initiated during Rel-13 are nearing their completion such as: support for Active
Antenna Systems (AAS), enhancements for inter-site Coordinated Multi-Point Transmission and
Reception (CoMP), support for up to 32 CA, DC enhancements, RAN sharing improvements, indoor
positioning enhancements, Downlink (DL) Multi-User Superposition Transmission (MUST), LTE Wireless
Local Area Network (WLAN) Aggregation (LWA) radio integration and Licensed Assisted Access (LAA).
Also introduced in Rel-13 were Wi-Fi integration enhancements, support for Mission Critical Push-to-Talk
(MCPTT) over LTE, the User Plane Congestion Management (UPCON) feature, Application Specific
Congestion Control for Data Communication (ACDC), and Architecture Enhancements for Service
Capability Exposure (AESE). Public safety features such as for Push-to-Talk (PTT) over LTE, proximity-
based services and MTC enhancements are some of the other main features in Rel-13. Last but not least,
release independent features including work in new spectrum bands and CA combinations will continue in
Rel-13. Here, we witness the results of ever increasing demand for greater mobile broadband services in
the exponential increases in new CA combinations.

The discussions on approval of new work items will begin soon in 3GPP. As 3GPP continues to develop
standards for HSPA+ and LTE/LTE-Advanced, the world’s leading mobile broadband technologies,
discussion on the future network requirements and recommendations for the next generation 5G
technologies is beginning to take shape. 4G Americas has published work on recommendations and
requirements for 5G and is continuing its effort on pre-standardization development and contributes this
work to global organizations with similar efforts.
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3GPP has provided a tentative timeline for standardization of 5G. Two workshops have been planned to
begin discussions on 5G: A RAN workshop in September 2015 and a joint RAN/System Architecture (SA)
workshop in June 2016.

Indeed the evolution towards the next mobile broadband release is near and it is filled with challenges
and promises.
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APPENDIX A: RELEASE INDEPENDENT FREQUENCY BANDS AND CARRIER

AGGREGATION

Table A-1. Rel-12 E-UTRA and UTRA operating bands.

Uplink (UL)  operating band | Downlink (DL) operating band | Duplex Mode
CE)-pUe-I;Et'iAng ggsrAating BS _ receive | BS _ transmit

UE transmit UE receive
Band Band

FuL iow = FuL hign FoL low = FoL hign
1 | 1920 MHz — 1980 MHz 2110 MHz — 2170 MHz FDD
2 Il 1850 MHz — 1910 MHz 1930 MHz — 1990 MHz FDD
3 1} 1710 MHz — 1785 MHz 1805 MHz — 1880 MHz FDD
4 [\ 1710 MHz — 1755 MHz 2110 MHz — 2155 MHz FDD
5 Vv 824 MHz - 849 MHz 869 MHz —  894MHz FDD
6 VI 830 MHz — 840 MHz 875 MHz — 885 MHz FDD
7 VIl 2500 MHz — 2570 MHz 2620 MHz — 2690 MHz FDD
8 Vil 880 MHz - 915 MHz 925 MHz - 960 MHz FDD
9 IX 1749.9 MHz — 1784.9 MHz 1844.9 MHz — 1879.9 MHz FDD
10 X 1710 MHz — 1770 MHz 2110 MHz — 2170 MHz FDD
11 Xl 1427.9 MHz — 1447.9 MHz 1475.9 MHz — 1495.9 MHz FDD
12 XII 699 MHz — 716 MHz 729 MHz — 746 MHz FDD
13 Xlll 777 MHz - 787 MHz 746 MHz — 756 MHz FDD
14 XIV 788 MHz — 798 MHz 758 MHz — 768 MHz FDD
15 Reserved Reserved FDD
16 Reserved Reserved FDD
17 704 MHz — 716 MHz 734 MHz — 746 MHz FDD
18 815 MHz — 830 MHz 860 MHz — 875 MHz FDD
19 XIX 830 MHz — 845 MHz 875 MHz — 890 MHz FDD
20 XX 832 MHz - 862 MHz 791 MHz — 821 MHz FDD
21 XXI 1447.9 MHz — 1462.9 MHz 1495.9 MHz — 1510.9 MHz FDD
22 XXII 3410 MHz — 3490 MHz 3510 MHz — 3590 MHz FDD
23 2000 MHz — 2020 MHz 2180 MHz — 2200 MHz FDD
24 1626.5 MHz — 1660.5 MHz 1525 MHz — 1559 MHz FDD
25 XXV 1850 MHz - 1915 MHz 1930 MHz — 1995 MHz FDD
26 XXVI 814 MHz — 849 MHz 859 MHz — 894 MHz FDD
27 807 MHz — 824 MHz 852 MHz — 869 MHz FDD
28 703 MHz — 748 MHz 758 MHz — 803 MHz FDD
29 N/A 717 MHz — 728 MHz FDD
30 2305 MHz — 2315 MHz 2350 MHz — 2360 MHz FDD
31 452.5 MHz — 457.5 MHz 462.5 MHz —  467.5 MHz FDD
32 XXXII N/A 1452 MHz — 1496 MHz FDD
33 a 1900 MHz — 1920 MHz 1900 MHz — 1920 MHz TDD
34 a 2010 MHz — 2025 MHz 2010 MHz — 2025 MHz TDD
35 b 1850 MHz — 1910 MHz 1850 MHz — 1910 MHz TDD
36 b 1930 MHz — 1990 MHz 1930 MHz — 1990 MHz TDD
37 C 1910 MHz — 1930 MHz 1910 MHz — 1930 MHz TDD
38 d 2570 MHz — 2620 MHz 2570 MHz — 2620 MHz TDD
39 f 1880 MHz — 1920 MHz 1880 MHz — 1920 MHz TDD
40 e 2300 MHz — 2400 MHz 2300 MHz — 2400 MHz TDD
41 2496 MHz 2690 MHz 2496 MHz 2690 MHz TDD
42 3400 MHz - 3600 MHz 3400 MHz — 3600 MHz TDD
43 3600 MHz — 3800 MHz 3600 MHz — 3800 MHz TDD
44 703 MHz - 803 MHz 703 MHz — 803 MHz TDD
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Table A-2. Rel-12 E-UTRA CA configurations and bandwidth combination sets defined for intra-
band contiguous CA.

E-UTRA CA configuration / Bandwidth combination set

Uplink CA Component carriers in order of increasing carrier Maximum
E-UTRA CA cor_lflgurat frequency aggregated Bandwidth combination
configuration lons Ché_annel Chf.’””e' Che}nnel bandwidth set
(NOTE 3) bandwidths for bandwidths for | bandwidths for [MHz]
carrier [MHz] carrier [MHz] carrier [MHz]

15 15

CA_1C CA_1C 40
20 20
5 20
10 15, 20

CA_2C 40
15 10, 15, 20
20 5, 10, 15, 20
5,10, 15 20

CA_3C CA_3C 40
20 5, 10, 15, 20
15 15

40

20 20

CA_7C CA_7C 10 20
15 15, 20 40
20 10, 15, 20

CA_12B - 5 5,10 15
10 10

CA_23B - 20
5 15
14,3,5 5

CA_27B - 14,3 10 13
15 15

CA_38C CA_38C 40
20 20
5,10,15 20

CA_39C CA_39C 35
20 5, 10, 15
10 20
15 15 40
20 10, 20

CA_40C CA_40C
10, 15 20
15 15 40
20 10, 15, 20
10, 15, 20 20 20

CA_40D CA_40C 20 10, 15 20 60
20 20 10,15

CA_41C CA_41C 10 20 40
15 15, 20
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20 10, 15, 20
5, 10 20
15 15, 20 40 1
20 5, 10, 15, 20
10 20 15
10 15, 20 20
15 20 10, 15
CA_41D CA_41C 60 0
15 10, 15, 20 20
20 15, 20 10
20 10, 15, 20 15, 20
CA_42C CA_42C 5. 10,15, 20 20 40 0
20 5, 10, 15

NOTE 1: The CA configuration refers to an operating band and a CA bandwidth class specified in Table 5.6A-1 (the indexing letter). Absence of a
CA bandwidth class for an operating band implies support of all classes.
NOTE 2: For the supported CC bandwidth combinations, the CC downlink and uplink bandwidths are equal.
NOTE 3: Uplink CA configurations are the configurations supported by the present release of specifications.

Table A-3a. Rel-12 E-UTRA CA configurations and bandwidth combination sets defined for inter-
band CA (two bands).

E-UTRA CA configuration / Bandwidth combination set

Uplink CA £ Maximum Bandwidth Dual
E-UTRA CA configurations UTRA 1.4 3 5 10 15 20 aggregated combination uplink CA
Configuration (NOTE 4) MHz | MHz | MHz | MHz | MHz | MHz bandwidth capability
Bands set
[MHz]
- 1 Yes Yes Yes Yes
CA_1A-3A 40 0 Yes
3 Yes Yes Yes Yes
- 1 Yes
20 0 Yes
5 Yes
CA_1A-5A
1 Yes Yes Yes Yes
30 1 Yes
5 Yes Yes
- 1 Yes Yes Yes Yes
CA_1A-7A 40 0 Yes
7 Yes Yes Yes
- 1 Yes Yes Yes Yes
30 0 Yes
8 Yes Yes
1 Yes Yes
CA_1A-8A 20 1 Yes
8 Yes Yes
1 Yes Yes Yes Yes
30 2 No
8 Yes Yes Yes
- 1 Yes Yes Yes Yes
CA_1A-11A 30 0 No
11 Yes Yes
- 1 Yes Yes Yes Yes
35 0 No
CA_1A-18A 18 Yes Yes Yes
1 Yes Yes 20 1 No
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18 Yes Yes
1 Yes Yes Yes Yes
CA_1A-19A 35 Yes
19 Yes Yes Yes
1 Yes Yes Yes Yes
CA_1A-20A 40 No
20 Yes Yes Yes Yes
1 Yes Yes Yes Yes
CA_1A-21A 35 Yes
21 Yes Yes Yes
1 Yes Yes Yes Yes
35 No
26 Yes Yes Yes
CA_1A-26A
1 Yes Yes
20 No
26 Yes Yes
1 Yes Yes Yes Yes
40
28 Yes Yes Yes Yes
CA_1A-28A
1 Yes Yes
20
28 Yes Yes
1 Yes Yes Yes Yes
CA_1A-41A 40
41 Yes Yes Yes Yes
1 Yes Yes Yes Yes
CA_1A-41C a See CA_41C Bandwidth Combination Set 1 in | 60
Table 5.6.A.1-1
1 Yes Yes Yes Yes
CA_1A-42A 40 No
42 Yes Yes Yes Yes
1 Yes Yes Yes Yes
CA_1A-42C 60 No
42 See CA_42C in Table 5.6A.1-1
2 Yes Yes Yes Yes Yes Yes
40 Yes
4 Yes Yes Yes Yes
2 Yes Yes
CA_2A-4A 20 Yes
4 Yes Yes
2 Yes Yes Yes Yes
40 Yes
4 Yes Yes Yes Yes
2 Yes Yes Yes Yes
CA_2A-4A-4A 60 No
4 See CA_4A-4Ain Table 5.6A.1-3
2 Yes Yes Yes Yes
30 No
5 Yes Yes
CA_2A-5A
2 Yes Yes
20
5 Yes Yes
2 See CA_2A-2Ain Table 5.6A.1-3
CA_2A-2A-5A 50
5 Yes Yes
2 Yes Yes Yes Yes
30 No
CA_2A-12A 12 Yes Yes
2 Yes Yes Yes Yes 30 No
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12 Yes Yes Yes
2 Yes Yes Yes Yes
CA_2A-12B 35 No
12 See CA_12Bin Table 5.6A.1-1
2 Yes Yes Yes Yes
30 Yes
13 Yes
CA_2A-13A
2 Yes Yes
20 Yes
13 Yes
2 See CA_2A-2Ain Table 5.6A.1-3
CA_2A-2A-13A 50 No
13 Yes
2 Yes Yes
CA_2A-17A 20 No
17 Yes Yes
2 Yes Yes
20 No
29 Yes Yes Yes
2 Yes Yes
CA_2A-29A 20 No
29 Yes Yes
2 Yes Yes Yes Yes
30 No
29 Yes Yes
2 See CA_2C intable 5.6A.1-1
CA_2C-29A 50
29 Yes Yes
2 Yes Yes Yes Yes
CA_2A-30A 30 No
30 Yes Yes
3 Yes Yes Yes
30 Yes
5 Yes Yes
3 Yes
CA_3A-5A 20 Yes
5 Yes Yes
3 Yes Yes Yes Yes
30 Yes
5 Yes Yes
3 Yes Yes Yes Yes
CA_3A-7A 40 Yes
7 Yes Yes Yes
3 Yes Yes Yes Yes
CA_3A-7C ; See CA_7C Bandwidth combination set 1 in | 60 No
table 5.6A.1-1
3 See CA_3Cintable 5.6A.1-1
CA_3C-7A 60 No
7 Yes Yes Yes Yes
3 Yes Yes Yes
30 Yes
8 Yes Yes
3 Yes
CA_3A-8A 20 Yes
8 Yes Yes
3 Yes Yes Yes Yes
30 No
8 Yes Yes Yes
CA_3A-19A 3 Yes Yes Yes Yes 35 Yes
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19 Yes Yes Yes
3 Yes Yes Yes Yes
30 Yes
20 Yes Yes
CA_3A-20A
3 Yes Yes Yes Yes
40 Yes
20 Yes Yes Yes Yes
3 Yes Yes Yes Yes
35 Yes
26 Yes Yes Yes
CA_3A-26A
3 Yes Yes
20 Yes
26 Yes Yes
3 Yes Yes Yes Yes
CA_3A-27A 30 No
27 Yes Yes
3 Yes Yes Yes Yes
CA_3A-28A 40 No
28 Yes Yes Yes Yes
4 Yes Yes
20 No
5 Yes Yes
CA_4A-5A
4 Yes Yes Yes Yes
30 No
5 Yes Yes
4 See CA_4A-4Ain table 5.6A.1-1
CA_4A-4A-5A 50
5 Yes Yes
4 Yes Yes
CA_4A-7A 30 Yes
7 Yes Yes Yes Yes
4 Yes Yes
CA_4A-4A-TA 4 Yes Yes 40
7 Yes Yes Yes Yes
4 Yes Yes Yes Yes
20 Yes
12 Yes Yes
4 Yes Yes Yes Yes Yes Yes
30 Yes
12 Yes Yes
4 Yes Yes Yes Yes
CA_4A-12A 30 Yes
12 Yes Yes Yes
4 Yes Yes
20 Yes
12 Yes Yes
4 Yes Yes Yes Yes
30 Yes
12 Yes Yes
4 See CA_4A-4A in Table 5.6A.1-3
CA_4A-4A-12A 50 No
12 Yes Yes
4 Yes Yes Yes Yes
CA_4A-12B 35 No
12 See CA_12Bin Table 5.6A.1-1
4 Yes Yes Yes Yes
30 Yes
CA_4A-13A 13 Yes
4 Yes Yes 20 Yes
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13

‘Yes ‘

4 See CA_4A-4Ain Table 5.6A.1-3
CA_4A-4A-13A 50 No
13 Yes
4 Yes Yes
CA_4A-17A 20 Yes
17 Yes Yes
4 Yes Yes Yes Yes
CA_4A-27A 30 No
27 Yes Yes Yes
4 Yes Yes
20 No
29 Yes Yes Yes
4 Yes Yes
CA_4A-29A 20 No
29 Yes Yes
4 Yes Yes Yes Yes
30 No
29 Yes Yes
4 Yes Yes Yes Yes
CA_4A-30A 30 No
30 Yes Yes
5 Yes Yes Yes Yes
CA_5A-7A 30 Yes
7 Yes Yes Yes
5 Yes Yes
CA_5A-12A 20 Yes
12 Yes Yes
5 Yes Yes
CA_5A-13A 20
13 Yes
5 Yes Yes
CA_5BA-17A 20 Yes
17 Yes Yes
5 Yes Yes
CA_5A-25A 30 No
25 Yes Yes Yes Yes
5 Yes Yes
CA_5A-30A 20 No
30 Yes Yes
7 Yes Yes Yes
CA_7A-8A 30
8 Yes Yes Yes
7 Yes Yes Yes Yes
CA_7A-12A 30
12 Yes Yes
7 Yes Yes Yes
30 Yes
20 Yes Yes
CA_7A-20A
7 Yes Yes Yes
40 Yes
20 Yes Yes Yes Yes
7 Yes Yes Yes Yes
CA_T7A-28A 35 Yes
28 Yes Yes Yes
8 Yes Yes
CA_8A-11A 20 No
11 Yes Yes
8 Yes Yes
CA_8A-20A 20 No
20 Yes Yes
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8 Yes Yes Yes
20 No
20 Yes Yes
8 Yes Yes
CA_8A-40A 30 No
40 Yes Yes Yes Yes
11 Yes Yes
CA_11A-18A 25 No
18 Yes Yes Yes
12 Yes Yes
CA_12A-25A 30 No
25 Yes Yes Yes Yes
12 Yes Yes
CA_12A-30A 20 No
30 Yes Yes
18 Yes Yes Yes
CA_18A-28A 25 No
28 Yes Yes
19 Yes Yes Yes
CA_19A-21A 30 Yes
21 Yes Yes Yes
19 Yes Yes Yes
CA_19A-42A 35 No
42 Yes Yes Yes Yes
19 Yes Yes Yes
CA_19A-42C 55 No
42 See CA_42C in Table 5.6A.1-1
20 Yes Yes
CA_20A-32A 30 No
32 Yes Yes Yes Yes
23 Yes Yes Yes Yes
30 No
29 Yes Yes Yes
CA_23A-29A
23 Yes Yes
20 No
29 Yes Yes Yes
25 Yes Yes Yes Yes
CA_25A-41A 40
41 Yes Yes Yes Yes
25 Yes Yes Yes Yes
CA_25A-41C n See CA_41C Bandwidth Combination Set 1 in | 60
Table 5.6A.1-1
26 Yes Yes Yes
CA_26A-41A 40
41 Yes Yes Yes Yes
26 Yes Yes Yes
CA_26A-41C a See CA_41C Bandwidth Combination Set 1 in | 95
Table 5.6.A.1-1
29 Yes Yes
CA_29A-30A 20 No
30 Yes Yes
39 Yes Yes Yes
CA_39A-41A 40 Yes
41 Yes
39 Yes Yes Yes
CA_39A-41C 41 Yes 60
41 Yes
CA_39C-41A 39 See CA_39C in Table 5.6A.1-1 55
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41 Yes

- 41 Yes Yes Yes
CA_41A-42A 40 0 No
42 Yes Yes Yes

NOTE 1: The CA Configuration refers to a combination of an operating band and a CA bandwidth class specified in Table A-1 (the indexing letter).
Absence of a CA bandwidth class for an operating band implies support of all classes.

NOTE 2: For each band combination, all combinations of indicated bandwidths belong to the set.
NOTE 3: For the supported CC bandwidth combinations, the CC downlink and uplink bandwidths are equal.

NOTE 4: Uplink CA configurations are the configurations supported by the present release of specifications.

Table A-3b. Rel-12 E-UTRA CA configurations and bandwidth combination sets defined for inter-
band CA (three bands).

E-UTRA CA configuration / Bandwidth combination set
E_U.TRA C.A collfnggrl]l:aigns U‘II'EI%A 14 3 ° 10 15 20 al\élgi(g;:tr:d ciiﬁnti\rﬁl;?it:n
Configuration (NOTE 5) Bands MHz MHz MHz MHz MHz MHz bandwidth set
[MHZz]

1 Yes Yes Yes Yes
3 Yes Yes Yes Yes 50 0
5 Yes Yes

CA_1A-3A-5A -
1 Yes Yes
3 Yes Yes Yes Yes 40 1
5 Yes Yes
1 Yes Yes Yes Yes
3 Yes Yes Yes Yes 50 0
8 Yes Yes Yes
1 Yes Yes

CA_1A-3A-8A - 3 Yes Yes Yes Yes 40 1
8 Yes Yes Yes
1 Yes Yes Yes
3 Yes Yes Yes 40 2
8 Yes Yes Yes
1 Yes Yes Yes Yes

CA_1A-3A-19A - 3 Yes Yes Yes Yes 55 0
19 Yes Yes Yes
1 Yes Yes Yes Yes

CA_1A-3A-26A - 3 Yes Yes Yes Yes 50 0
26 Yes Yes
1 Yes Yes Yes Yes

(C’\|A6%243)A -20A - 3 Yes Yes Yes Yes 60 0
20 Yes Yes Yes Yes

CA_1A-5A-7A - 1 Yes Yes 40 0
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5 Yes Yes

7 Yes Yes Yes

1 Yes Yes Yes Yes

5 Yes Yes 50

7 Yes Yes Yes

1 Yes Yes Yes Yes
S\IA(;'I%QZ)A -20A 7 Yes Yes Yes 50

20 Yes Yes

1 Yes Yes Yes Yes

18 Yes Yes Yes 45

28 Yes Yes
CA_1A-18A-28A

1 Yes Yes Yes Yes

18 Yes Yes 40

28 Yes Yes

1 Yes Yes Yes Yes
CA_1A-19A-21A 19 Yes Yes Yes 50

21 Yes Yes Yes

2 Yes Yes Yes Yes
CA_2A-4A-5A 4 Yes Yes Yes Yes 50

5 Yes Yes

2 Yes Yes Yes Yes
CA_2A-4A-12A 4 Yes Yes Yes Yes 50

12 Yes Yes

2 Yes Yes Yes Yes
CA_2A-4A-13A 4 Yes Yes Yes Yes 50

13 Yes

2 Yes Yes Yes Yes
CA_2A-4A-29A 4 Yes Yes Yes Yes 50

29 Yes Yes

2 Yes Yes Yes Yes
CA_2A-5A-12A 5 Yes Yes 40

12 Yes Yes

2 Yes Yes Yes Yes
CA_2A-5A-13A 5 Yes Yes 40

13 Yes

2 Yes Yes Yes Yes
CA_2A-5A-30A 5 Yes Yes 40

30 Yes Yes

2 Yes Yes Yes Yes
CA_2A-12A-30A 12 Yes Yes 40

30 Yes Yes
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2 Yes Yes Yes Yes

CA_2A-29A-30A - 29 Yes Yes 40 0
30 Yes Yes
3 Yes Yes Yes Yes

CA_3A-7A-20A - 7 Yes Yes Yes 60 0
20 Yes Yes Yes Yes
4 Yes Yes Yes Yes

CA_4A-5A-12A - 5 Yes Yes 40 0
12 Yes Yes
4 Yes Yes Yes Yes

CA_4A-5A-13A - 5 Yes Yes 40 0
13 Yes
4 Yes Yes Yes Yes

CA_4A-5A-30A - 5 Yes Yes 40 0
30 Yes Yes
4 Yes Yes

CA_4A-7TA-12A - 7 Yes Yes Yes Yes 40 0
12 Yes Yes
2 Yes Yes Yes Yes

CA_4A-12A-30A - 12 Yes Yes 40 0
30 Yes Yes
4 Yes Yes Yes Yes

CA_4A-29A-30A - 29 Yes Yes 40 0
30 Yes Yes
7 Yes Yes Yes

CA_7A-8A-20A - 8 Yes Yes Yes 40 0
20 Yes Yes

NOTE 1: The CA Configuration refers to a combination of an operating band and a CA bandwidth class specified in Table 5.6A-1 (the
indexing letter). Absence of a CA bandwidth class for an operating band implies support of all classes.

NOTE 2: For each band combination, all combinations of indicated bandwidths belong to the set.

NOTE 3: For the supported CC bandwidth combinations, the CC downlink and uplink bandwidths are equal.

NOTE 4: A terminal which supports a DL CA configuration shall support all the lower order fallback DL CA combinations and it shall
support at least one bandwidth combination set for each of the constituent lower order DL combinations containing all the bandwidths

specified within each specific combination set of the upper order DL combination.

NOTE 5: Uplink CA configurations are the configurations supported by the present release of specifications.
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Table A-4.

Rel-12 E-UTRA CA configurations and bandwidth combination sets defined for non-

contiguous intra-band CA (with two sub-blocks).

E-UTRA CA configuration / Bandwidth combination set

Component carriers in order of
. increasing carrier frequency Maximum .
Uplink CA Bandwidth .
E-?TRAQA configurations Channel Channel Channel e:)ggrdegg;er:i combination UpIInE.IC.:A

configuration (NOTE 1) bandwidths | bandwidths | bandwidths andwidt set capability

for carrier for carrier for carrier MHz]

[MHz] [MHZ] [MHZz]

CA_2A-2A - 5, 10, 15, 20 | 5, 10, 15, 20 40 0 No
CA_3A-3A - 5, 10, 15, 20 | 5, 10, 15, 20 40 0 No
CA_4A-4A - 5, 10, 15, 20 | 5, 10, 15, 20 40 0 Yes

5 15

10 10, 15
CA_7A-7TA - 40 0 No

15 15, 20

20 20
CA_23A-23A - 5 10 15 0 No

5,10 5,10 20 0 No
CA_25A-25A | -

5, 10, 15, 20 | 5, 10, 15, 20 40 1 No

10, 15, 20 10, 15, 20 40 0 No
CA_41A-41A -

5, 10, 15, 20 | 5, 10, 15, 20 40 1 No
CA_41A-41C - 5,10, 15, 20 | See Table 5.6A.1-1 60 0 No
CA_41C-41A - See Table 5.6A.1-1 5, 10, 15,20 | 60 0 No
CA_42A-42A - 5, 10, 15, 20 | 5, 10, 15, 20 40 0 No
NOTE 1: Uplink CA configurations are the configurations supported by the present release of specifications.

Table A-5. Rel-12 UTRA dual band CA configuration (L-Band SDL).
DB-DC-HSDPA Configuration UL Band DL Band A DL Band B
6 I | XXXII

Table A-6. Rel-12 New DB-4C-HSDPA configurations (for L-Band SDL).

Dual band 4C-HSDPA UL Band DL Number of DL | DL Band Number of DL
Configuration Band carriers in B carriers in Band B
A Band A
[-1-XXXII-2 I I 1 XXXII 2
[-2-XXXII-1 I I 2 XXXII 1

NOTE: Dual band 4C-HSDPA configuration is humbered as (X-M-Y-N) where X denotes the DL Band A,
M denotes the number DL carriers in the DL Band A, Y denotes the DL Band B, and N denotes the
number of DL carriers in the DL Band B

4G Americas | Mobile Broadband Evolution Towards 5G: 3GPP Rel-12 & Rel-13 and Beyond | June 2015

186




APPENDIX B: LTE-ADVANCED GLOBAL DEPLOYMENTS

68 networks in 39 countries (as of June 1, 2015)

Country Operator Country Operator
1 Australia Optus 35 | Monaco Monaco Telecom
2 Australia Telstra 36 | Netherlands KPN
3 Australia Vodafone 37 | Netherlands Vodafone
4 Austria Al Telekom Austria 38 | Norway Netcom
5 Belgium Proximus 39 | Norway Telenor
6 Canada Bell Mobility 40 | Philippines Smart Communications
7 Canada Rogers Wireless 41 | Portugal Meo
8 Czech Republic 02 / Vodafone 42 | Portugal Vodafone
9 Czech Republic T-Mobile 43 | Qatar Ooredoo
10 | Denmark Hi3G 44 | Romania Orange
11 | Estonia EMT 45 | Russia Megafon
12 | Estonia Tele2 46 | Russia Vimpelcom
13 | Finland Elisa 47 | Saudi Arabia STC
14 | Finland TeliaSonera 48 | Singapore M1
15 | France Bouygues 49 | Singapore SingTel Mobile
16 | France Orange 50 | Singapore Starhub
17 | France SFR 51 | Slovenia Si Mobile
18 | Germany DT 52 | South Africa Telkom
19 | Germany Vodafone 53 | South Korea KT Corp
20 | Greece Cosmote 54 | South Korea LG U+
21 | Greece Vodafone 55 | South Korea SK Telecom
22 | Hong Kong CSL 56 | Spain Movistar
23 | ltaly Telecom Italia 57 | Spain Vodafone
24 | ltaly Vodafone 58 | Switzerland Orange
25 | Japan KDDI 59 | Switzerland Swisscom
26 | Japan NTT DoCoMo 60 | Taiwan CHT
27 | Japan UQ Communications 61 | Taiwan FarEasTone
28 | Jersey JT 62 | Taiwan Taiwan Mobile
29 | Kenya Safaricom 63 | UAE Du
30 | Kuwait Ooredoo 64 | UAE Etisalat
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Country Operator Country Operator
31 | Latvia LMT 65 | UK EE
32 | Lithuania Bité 66 | USA AT&T
33 | Lithuania Omnitel 67 | USA Sprint
34 | Luxembourg Tango 68 | USA T-Mobile USA

APPENDIX C: MEMBER PROGRESS

ALCATEL-LUCENT

Alcatel-Lucent is an industry leader in delivering LTE infrastructure to operators who want quality and
experience while being able to get to market quickly. As a key component of our Ultra Broadband
strategy, Alcatel-Lucent’'s Wireless Products and Services bring the experience of mobile broadband
close to consumers. Alcatel-Lucent’s LTE overlay approach allows operators to get to market faster and
to full scale more quickly than traditional options. Coupled with small cells which add capacity to form
high-performance Heterogeneous Networks, Alcatel-Lucent is helping mobile service providers quickly
and decisively deliver the service users crave to the locations they need it.

Alcatel-Lucent has built the world's largest 4G LTE networks in the busiest cities in record time. Their
Wireless IP solutions and lightRadio™ Network portfolio can help to deliver capacity and performance for
today’s needs and into the future - a future that will see traffic demand multiply by a factor of 25 over the
next 5 years, according to Bell Labs research. Alcatel-Lucent delivers world-class Mobile Broadband
architecture that includes base stations and small cells including metro, enterprise, and residential, and is
designed for flexibility, speed to market, and high capacity. The end-to-end LTE solution also includes
mobile backhaul, wireless transport, an IP Packet Core, VOLTE and IMS solutions, as well as Alcatel-
Lucent’s professional services and software expertise.

With time-to-market an important element in operators’ LTE deployment strategies, Alcatel-Lucent’s
overlay solution and services expertise, proven methodologies and tools for planning, deployment,
optimization, and operations ensure our customers get to market faster. Their global experts bring both
the radio and IP networking expertise required for LTE and metro cell introduction. And Alcatel-Lucent’s
world class design and RF optimization experts consistently deliver the best network performance,
translating into top speed and reliability statistics.

Alcatel-Lucent has supported over 300 wireless networks including over 70 LTE macro and more than 70
small cells commercial deployments. They are in 8 of top 10 global mobile operator networks as a major
supplier of LTE. In addition, the company supports more than 200 operators with their Mobile Backhaul
and Transport solutions. Recent contracts and innovations in 2014 include:

e Alcatel-Lucent wins breakthrough contract in Scandinavia with AINMT to deploy 4G LTE mobile
broadband

e Alcatel-Lucent and Globe Telecom sign LTE confirmation of award to expand mobile ultra-
broadband access in the Philippines
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e Alcatel-Lucent LTE technology selected by nTelos Wireless to support its Strategic Network
Alliance with Sprint in the United States

e Alcatel-Lucent to rollout 4G LTE network in Oklahoma and Kansas with Pioneer Cellular in United
States

e America Movil selects Alcatel-Lucent’s LTE overlay technology for its 4G rollout in the Dominican
Republic

e Alcatel-Lucent selected by Vodafone Group as worldwide reference provider of LTE metro cell
technology for high-traffic areas

e Alcatel-Lucent announces first NFV deployment of wireless control as Saudi Arabia’s Mobily
moves its network to the cloud

e Alcatel-Lucent signs global frame agreement with Telenor Group on 4G LTE networks throughout
Europe and Asia

e China Mobile selects Alcatel-Lucent for strategic transformation to all-1P _ultra-broadband network

AT&T

AT&T Inc. is a premier communications holding company and one of the most honored companies in the
world. Its subsidiaries and affiliates — AT&T operating companies — are the providers of AT&T services in
the United States and internationally. With a powerful array of network resources that includes the
nation’s most reliable 4G LTE network and nation’s strongest 4G LTE signal, AT&T is a leading provider
of wireless, Wi-Fi, high-speed Internet, voice and cloud-based services. A leader in mobile Internet, AT&T
also offers the best global wireless coverage of any U.S. carrier, offering the most wireless phones that
work in the most countries. It also offers advanced TV and high-speed Internet service with the AT&T U-
verse® brand, and has launched or announced plans to launch ultra-fast Internet speeds up to 1 gigabit
per second in 17 major markets thus far nationwide with more to come. The company’s suite of IP-based
business communications services is one of the most advanced in the world.

AT&T's wireless network is based on the 3rd Generation Partnership Project (3GPP) family of
technologies that includes LTE and HSPA+ mobile broadband as well as GSM and UMTS voice. GSM is
the most open and widely-used wireless network platforms in the world. This means that AT&T customers
benefit from broader global roaming capability, more efficient research and development, the best options
in cutting-edge devices, and smoother evolution to newer technologies.

The GSM/UMTS platform enables continued enhancement of mobile broadband speeds as AT&T evolves
to the next generation of technologies.

AT&T is building its network for speed and performance. Network radio components are placed near the
top of the antenna which minimizes power loss. This translates into fast speeds and great reliability
across AT&T’s 4G LTE network. The network also is designed with its core elements distributed across
the country, meaning data traffic gets on the Internet faster, which increases mobile data speeds.
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Between 2008 and 2013, AT&T invested more than $140 billion into its wireless and wireline networks
across the country, when you combine capital and spectrum acquisitions. AT&T has invested more
capital into the U.S. economy than any other public company over this time period. In a September 2014
report, the Progressive Policy Institute ranked AT&T No. 1 on its list of U.S. “Investment Heroes.”

These advancements, when combined with an ongoing initiative to increase the number of high-speed
backhaul connections to cell sites, are a part of AT&T’s strategy to provide customers with an enhanced
mobile Internet experience, both today and in the future. As of early 2015, 99 percent of AT&T data traffic
was being handled through cell sites with these enhanced, high-speed backhaul connections.

AT&T’s mobility network is also LTE-Advanced ready and AT&T has already begun to deploy it in certain
markets. AT&T plans to implement a variety of LTE-Advanced features on portions of their network over
the next several years to take full advantage of its rich functionality. These features include carrier
aggregation, high-order MIMO and self-optimizing networks, to name a few. AT&T also launched HD
Voice service utilizing Voice over LTE technology in select markets in the U.S. during 2014 with plans to
continue deploying HD Voice market-by-market until it is available nationwide.

CISCO

Cisco is an industry leader of the new IP network including advances in mobile internet. The Cisco Open
Architecture provides a cross-domain platform to deliver business transformation through network agility.
Cisco Open Network Architecture for service providers is a comprehensive framework to make networks
more open, more elastic and more extensible. This new approach to service provider architecture
consists of three functional layers:

e Applications and Services
e Orchestration and management: Evolved Services Platform

e Physical and virtual infrastructure: Evolved Programmable Network

The Evolved Programmable Network (EPN) layer includes both traditional purpose-built products and
virtualized (or network function virtualization [NFV]) products. The EPN increases programmability
through new APIs while using virtualized network functions to improve elasticity. This creates a seamless
network fabric from CEP to data center. As result, the network is more agile and better suited for
orchestration.

The true value of the virtualized network stems from successfully orchestrating and automating the
physical and virtual solutions as a single architecture. Cisco delivers this capability through the Evolved
Services Platform (ESP), representing the orchestration and management capabilities within the Cisco
open network architecture for service providers. Cisco is unigue in the industry by providing transactional
orchestration and automation of physical and virtual network functions. Cisco can orchestrate across
multivendor, cross-domain environments.

Cisco Cloud Services and the Intercloud Eco-system further drives the ability to more quickly introduce
new cloud-based services while reducing investment risk and preserving data sovereignty.

Cisco Mobility 1Q is a breakthrough, cloud-hosted mobility analytics solution that unlocks Visual Network
Knowledge. It provides an unprecedented bird’'s eye view of mobile network activity — in real-time.
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Mobility 1Q is offered via Cisco Cloud Services extending Cisco’s comprehensive data and analytics
strategy and solutions portfolio. Through this new service, Cisco helps Service Providers understand
their networks better to improve operational excellence and expand value to their customers.

Cisco’s market presence is the culmination of a deep understanding of the emerging needs of our service
provider customers by providing complete solutions to address real business challenges and opportunity.
This includes leadership not only in IP transport, but also in licensed and unlicensed small cells (3G, LTE,
and Wi-Fi), VOLTE, VoWi-Fi. Cisco is a leader in the (physical and virtual) Evolved Packet Core, Policy,
and Service Creation. Cisco is an active member in the standards bodies for 3G, 4G LTE and 5G.
Cisco’s Open Architecture enables their customers to combine video, security and cloud services within
their mobile networks.

The Cisco® mobile software portfolio is a key building block of the Cisco Open Network Architecture
programmable framework. It provides new monetization opportunities while optimizing networks for the
fullest utilization.

e Cisco Evolved Packet Core providing industry leading solutions in both purpose-built platforms
and fully orchestrated VPC for the greatest elasticity and scale.

e Cisco Policy Suite for Service Providers provides next-gen policy management to deliver
customized user experiences.

e Mobility 1Q provides business and network analytics to help enable real-time and near real-time
decision making.

e Cisco Universal Small Cell (USC) series of products are specially designed, cost-optimized,
compact 3GPP compliant base stations designed to meet the needs of various end-user market
segments. USC supports 3G, 4G LTE and SP WI-Fi.

e Cisco SON provides real-time intelligence into the Radio Access Network (RAN) for optimized
performance.

e Cisco Services BUS provides capacity/traffic management improving network economics.
Cisco is deployed globally by more than 350 service providers in more than 75 countries.
Some recent customer success stories include:

e AT&T to Utilize Cisco Virtual Mobile Network Technology Within Its Connected Car Services

e XL Axiata Is the First Service Provider in Asia Pacific _and Japan to Implement Cisco
Technologies to Transform Mobile Service Delivery in Indonesia

e Telefénica Transforms Mobile Broadband with New "LTE In a Box" Solution from Cisco

e Cisco’s Breakthrough Mobility 1Q Unlocks the Power of Visual Network Knowledge

e Chemring Technology Solutions Demonstrates policy managed ePDG Capability at Mobile World
Conagress
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e Cisco’s Breakthrough Mobility IQ Unlocks the Power of Visual Network Knowledge

e Telstra and Cisco to Advance On-demand Unified Services

e Cisco Small Cells Set To Benefit EE Enterprise Customers

e Cisco Introduces Small Cells Solution for Large Scale Enterprise Deployments with SpiderCloud
and Vodafone

e Equinix Leverages Cisco’s Tail-f Network Control System to Help Make Multi-Cloud Access a
Reality for Enterprise Customers Worldwide

e Deutsche Telekom, Cisco Announce the Launch of DT's Cloud VPN Service in Three European
Countries

e STC and Cisco to Strategically Collaborate to Disrupt the Market with Goal to Accelerate and
Streamline Cloud Adoption in the Kingdom of Saudi Arabia

e FEtisalat UAE Signs Memorandum of Understanding with Cisco to Deliver Software Defined
Network Proof of Concept in the UAE

e FEtisalat Eqgypt Becomes First in Africa to Deploy Cisco’s Application Centric Infrastructure for
Next Generation Data Center

e Cisco’s Breakthrough Mobility IQ Unlocks the Power of Visual Network Knowledge in Qatar

COMMSCOPE

For the carrier market and through its Andrew Solutions portfolio, CommScope (www.commscope.com)
is a global leader for wireless network infrastructure, including all the integral building blocks for base
station sites. CommScope also is a leading global provider of wireless coverage, capacity and energy-
efficiency solutions and network planning and optimization products and services.

CommScope’s solutions address all areas of RF path and coverage needs for UMTS and LTE. The
company’s RF solutions enable operators to synchronize investments with revenue, using scalable
deployment strategies and technologies; accelerate payback by expanding macro and small cell
coverage effectively; and manage coverage, capacity and interference in key areas such as urban
settings, indoors, and along transportation corridors.

CommScope products support current 3GPP releases and product roadmaps and will continue to be
developed to ensure future compliance to 3GPP specifications. CommScope solutions specifically
address the unique needs of wireless operators deploying UMTS/LTE networks in the following ways:
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Rapid development of a focused outdoor UMTS-LTE footprint

In 2015, CommScope announced a new solution that makes deployment of metro cells on street poles
much easier. The new Metro Cell Concealment Solution features a two-piece design for mounting all the
necessary equipment for metro cell operation. Two aesthetically pleasing enclosures can mount and hide
radios, antennas, backhaul termination (wireline or wireless), back-up batteries and other equipment on
street poles in units that are more structurally balanced and easier to permit.

In addition, CommScope accelerates dense urban builds with small footprint rooftop deployments;
supplements macro coverage with microcell-based capacity for outdoor hotspots; simplifies greenfield site
builds with kits and bundles; and broadens effective cell coverage with tower-mounted amplifiers, multi-
carrier power amplifiers, and Node-based interference cancelling repeaters.

CommScope’s FTTA Turnkey Solution™ standardizes remote radio unit installation while bringing
simplicity, consistency and performance assurance to a technologically and logistically complex
application. The Andrew SiteRise® tower solution is believed to be the world’s first pre-assembled tower
top for remote radio unit site architectures. Andrew SiteRise provides pre-assembly and pre-testing of all
RF equipment prior to hoisting up the tower. Through this unique approach to site construction, Andrew
SiteRise offers standardization that will improve installation quality and on-going network performance
and reduce deployment times.

HELIAX® 3.0 cable and connector products have best-in-class RF performance coupled with ease of
deployment. The HELIAX FiberFeed® Direct hybrid power and fiber optic cable solution includes a
breakout canister that comes pre-wired, eliminating the need to wire up a junction box. The intended
result is much easier installations with more reliable results. CommScope also offers 4.3-10 coaxial
connectors, the connector standard that is proving itself worldwide as a foundation of a better performing,
higher-capacity network. The 4.3-10 connectors is compact in size, enabling operators to make more
antenna connections within the available space, and supports a greater frequency range, unlocking the
power of newly-released and soon-to-be-released spectrum.

CommScope also helps operators maximize efficiency, coverage and spectrum usage in their networks
through the concept of sector sculpting, a creative approach to antenna pattern shaping that carves out
more capacity, improves coverage and limits interference. Sector sculpting boosts network performance
by better controlling interference between sectors and increasing the number of accessible subscriber
channels. Sector sculpting antenna offerings include a Six Sector Solution and Five Beam, 18-Beam,
UltraBand™ and SmartBeam® base station antennas. In addition, the Andrew Sentinel™ microwave
backhaul antenna uses a similar pattern shaping approach to boost capacity between microwave links.

CommScope also innovates with small antenna technology that helps operators densify their networks
more easily. Small antenna technology enables physically smaller base station antennas to handle
multiple frequency bands and multiple air-interface technologies while offering superior performance.
Small antenna technology can be deployed in macro and smaller cell sites.

The evolution of wireless networks to LTE brought about increased scrutiny of the performance-degrading
phenomenon called passive intermodulation (PIM). PIM is unwanted radio frequency (RF) interference
that can result in degraded voice quality, dropped calls and reduced data throughput. In 2015,
CommScope revolutionized PIM test methodology with its innovative Optical PIM Tester. For the first time
ever, a single technician can connect directly to the base band unit at the bottom of the tower and perform
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a truly active PIM test over the Common Public Radio Interface (CPRI). The simplicity enables PIM
testing to become part of standard network acceptance and preventative maintenance processes.

Cost-effective capacity and coverage

CommScope provides turnkey coverage and distributed capacity for outdoor venues such as urban
streets, urban canyons, road tunnels, and railways with multi-operator, multi-standard ION® optical
distribution networks and RADIAX® radiating cable. ION distributed antenna systems (DAS) distribute
coverage and capacity in a cost-effective, homogenous, future proof fashion. The ION-U system,
introduced in 2013, features integrated guidance and intelligence, enabling wireless network operators to
design, plan, deploy and optimize a DAS more quickly and efficiently and at a lower total cost of
ownership.

Introduced in 2014, ION-E unified wireless infrastructure is a completely new architecture for in-building
wireless systems in the enterprise space. ION-E is based on an IT architecture, utilizing the standards-
compatible structured cabling common to many enterprises, making it easier to deploy while being flexible
and scalable for future needs. The ION-E features multi-operator, multi-technology and multi-band
capabilities and unifies licensed and unlicensed wireless services by combining all signals in a single 10
Gigabit infrastructure that is technology and spectrum adaptive.

Node A indoor or outdoor all-digital repeaters provide a low cost coverage extension solution, supporting
up to four simultaneous frequency bands in 400, 700, 800, 850, 900, 1700, 1800, 1900, 2100, or 2600
MHz. Andrew Passive Devices—including splitters, couplers, tappers and termination—PIM rated to an
industry-leading -160 dBc. These RF components enable operators to achieve and maintain effective
network performance and support cost-effective business practices in DAS applications.

Energy and Environment

CommScope’s energy conservation initiative supports the industry’s global efforts in reducing power
consumption, greenhouse gas emissions and operating costs. To achieve many of these “green” goals,
wireless operators can invest in clean and reliable backup power generators, amplifier upgrades, shelter
cooling and hybrid cooling systems through CommScope’s initiative. It is estimated that the operation of
telecommunications networks is responsible for 0.5 percent of all carbon dioxide emissions worldwide.
CommScope believes that its energy solutions can help wireless operators save an average of $5,000
per site, per year on energy consumption.

Educational Resources

As a trusted advisor for communications networks around the world, CommScope offers comprehensive
training and educational programs and resources. Introduced in 2015, the LTE Best Practices ebook, the
second in CommScope’s ebook series, is filled with answers, tips and insights that will demystify LTE
implementation complexity. It covers 10 subject areas including noise and interference mitigation, co-
siting, passive intermodulation (PIM) avoidance, distributed antenna system (DAS) implementation,
microwave backhaul, small cells and more. The company’s previously issued ebook, Understanding the
RF Path, details radio frequency (RF) communications and wireless networks in general. The
CommScope Infrastructure Academy offers a comprehensive suite of online and in-person training
resources to help organizations achieve high quality designs and installations.
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ERICSSON

Ericsson is the driving force behind the Networked Society — a world leader in communications
technology and services. Its long-term relationships with every major telecom operator in the world allow
people, business and society to fulfill their potential and create a more sustainable future. The
company’s services, software and infrastructure - especially in mobility, broadband and the cloud - are
enabling the telecom industry and other sectors to do better business, increase efficiency, improve the
user experience and capture new opportunities.

With approximately 115,000 professionals and customers in 180 countries, Ericsson combines global
scale with technology and services leadership. It supports networks that connect more than 2.5 billion
subscribers. Forty percent of the world's mobile traffic is carried over Ericsson networks. Founded in
1876, Ericsson has its headquarters in Stockholm, Sweden. Net sales in 2014 were SEK 228.0 hillion
(USD 33.1 billion).

Mobile communications — and particularly mobile broadband — are at the heart of today’s Networked
Society. Ericsson is the world’s biggest supplier of mobile networks, chosen by around half of the world’s
operators with commercial mobile broadband networks.

The leader in the development and deployment of LTE systems around the world, Ericsson is also
continuing research into innovative solutions for GSM, which still provides voice and data services for
billions of people; WCDMA, which brought mass mobile broadband to the world; and CDMA, which now
provides cost-effective mobile-data connections. And their mobile broadband modules are connecting a
growing range of devices, systems and even vehicles to the internet.

Besides mobile networks, Ericsson is a strong player in core networks, microwave transport, Internet
Protocol (IP) networks and fixed-access solutions for copper and fiber. In addition, Ericsson keeps these
networks running at optimal efficiency with our portfolio of operations support systems (OSS).

With communications playing an increasing role in our Networked Society, communications networks are
expanding beyond the traditional telecom sphere.

Ericsson’s energy-efficient networks and solutions are contributing to sustainable growth for societies
around the world by making telecommunications accessible and affordable for all.

Networks account for about 55 percent of Ericsson’s net sales.
INTEL

Intel Corporation is a world leader in computing innovation. The company designs and builds the
essential technologies that serve as the foundation for the world’s computing devices. Intel offers a
portfolio of wireless communications solutions to connect a broad range of devices. Hardware and
software products by Intel and its subsidiaries power the majority of the world’s data centers, connect
hundreds of millions of cellular handsets and help secure and protect computers, mobile devices and
corporate and government IT systems. Intel technologies are also inside intelligent systems, such as in
automobiles, automated factories and medical devices.

In the last two years, Intel has made strides in 3G and 4G (LTE) technology innovation and has integrated
WWAN and other wireless connectivity technologies into SoCs to power the next generations of mobile
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devices, including 2 in 1s, tablets, smartphones and wearables. Another major initiative that Intel has
undertaken is the design and development of 5G technologies.

Intel 3GPP Standards Focus and Leadership:

Intel has become one of the leading contributors to 3GPP standards in the LTE Advanced technology
evolution. The overall focus of Intel's 3PPP Standards team in 2014 has been the continuation of Rel-12
and Rel-13 technology and standards development. Intel continues to build on its strengths to accelerate
innovation and drive growth in the fields of computing and communications, and is working on addressing
developments, including:

LTE-WLAN Interworking

¢ Intel has been a leader in the 3GPP’s WLAN efforts to bolster cellular traffic offload capabilities,
ensure the best utilization of all available resources, and enhance the end-user experience.
Specifically, Intel played an instrumental role in providing solutions in Rel-12 WLAN network
selection using HotSpot 2.0, Rel-12 WLAN/3GPP radio level interworking, Rel-13 efforts on LTE-
WLAN aggregation and the integration of WLAN OAM with the cellular network.

Machine Type Communications (MTC)

¢ Intel has enabled cellular M2M services including optimized addressing, identification, small data
transmission, device triggering, device monitoring, and group communication. Intel has also
contributed significantly to enabling M2M device feasibility and its requirements for low cost, low
power consumption and high coverage.

Carrier Aggregation Enhancements

¢ Intel remains strongly committed to enabling carrier aggregation solutions on both FDD and TDD
bands, including 3CA and 4CA band combinations, TDD-FDD carrier aggregation and eIMTA.

Network Functions Virtualization (NFV)

e Intel has been instrumental in the evolution of network architecture and the management plane to
virtualize current and next generation networks to create enhanced communication services.
They have been actively enabling the industry to virtualize the cellular network and transition to
general purpose hardware based on x86. Intel has also invested in R&D in making x86
processors more efficient for high-speed packet processing while contributing its own set of
libraries, such as DPDK (Data Plane Development Kit).

Multimedia Enhancements

¢ Intel is leading the way forward on several multimedia-related enhancements for LTE networks
such as Region of Interest Zoom and IMS telepresence. Region of Interest Zoom enables users
to zoom in on a specific region of interest during an ongoing, interactive IMS based Multimedia
Telephony session.
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MIMO OTA

e Intel has been a driving force the in 3GPP and CTIA in defining Over-the-Air (OTA) test
methodology and performance requirements, which is key to enable standardized conformance
testing for operators and device vendors. Intel is now a leading contributor to the Rel-13 efforts on
MIMO OTA performance requirements.

NOKIA

Nokia Networks is the world’s specialist in mobile broadband. From the first ever call on GSM, to the first
call on LTE; Nokia Networks operates at the forefront of each generation of mobile technology. Nokia
global experts invent the new capabilities their customers need in their networks. They provide the world’s
most efficient mobile networks, the intelligence to maximize the value of those networks and the services
to make it all work seamlessly.

A leader in the commercialization and innovation of LTE, Nokia serves millions of LTE subscribers in
commercial FDD-LTE and TD-LTE networks worldwide. Nokia has deployed LTE on all major frequency
bands and as of end Q1 2015, Nokia has 175 commercial references. Their unique track record is based
on award-winning platforms like the multi-technology, compact, modular and weatherproof Flexi Multiradio
10 Base Station and the ingenious Liquid Radio LTE Software Suite and Smart Scheduler to maximize
performance and optimize the use of radio spectrum.

Nokia’s Global Services enable operators to safely move towards LTE with the highest quality possible
and ensure fast and reliable network rollouts with end-to-end network integration to Customer Experience
Management. The company’s industry-leading Security solutions enable operators to provide secure
subscriber services while their Network Planning and Optimization services support a smooth transition
with Refarming Services, LTE Planning, iSon Services, LTE Optimization and Services for VOLTE.

Nokia Networks LTE achievements:

e Nokia supplies LTE to 9 of the 10 largest operators (by LTE subscriptions) globally - from China,
Japan, and South Korea to the USA.

¢ Nokia has brought the benefits of LTE-Advanced carrier aggregation to SK Telecom, LG U+ and
Korea Telecom, helping them reach up to 150 Mbps throughput.

e The Nokia LTE solution comprises 3GPP standardized solutions introduced in different releases
and subsequent updates, including: Single RAN Advanced and small cells (Rel-10), Evolved
Packet Core (Rel-8), VOLTE (Rel-9) and professional services.

e Nokia is the driving force behind TD-LTE innovation and commercialization, with many world firsts
since 2009. These include five recent unprecedented speed records such as 1.6 Gbps (Rel-10)
throughput using the commercial Flexi Multiradio 10 Base Station. Nokia is globalizing TD-LTE
with the first 4G/TD-LTE network in Latin America, the first TD-LTE network in Russia and the
first TD-LTE network in Saudi Arabia.

¢ In China, Nokia has been working on a multi-city TD-LTE deployment with China Mobile and
recently enabled the world’s first live TV broadcast via TD-LTE.
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e Nokia has been positioned by Gartner, Inc. in the “Leaders” quadrant of its “Magic Quadrant for
LTE Network Infrastructure” for five consecutive years. In 2015, Nokia was positioned furthest in
“completeness of vision.”

QUALCOMM

Qualcomm Incorporated is a world leader in 3G, 4G and next-generation wireless technologies. For
nearly three decades, Qualcomm ideas and inventions have driven the evolution of mobile, linking people
everywhere more closely to information, entertainment and each another. Today, Qualcomm and its
subsidiaries are helping shape this new, connected world by engineering ground-breaking mobile
chipsets and software, developing technologies and creating solutions to tackle the growing demand for
mobile data.

Qualcomm conceptualized and brought to fruition the innovations such as neighborhood small cells,
Licensed Share Access (LSA) and many more as part of its 1000x data challenge. Qualcomm
Technologies, a wholly owned subsidiary of Qualcomm Inc., is once again spearheading the wireless
industry in bringing a new connectivity paradigm which takes wireless beyond the traditional realm of
capacity and date rates to intelligently connect everything. Whether it is device-to-device or IoE;
Qualcomm plans to empower new classes of services that include discovery and control — not just
connectivity — while ushering in an era of convergence, cutting across spectrum types, networks and
deployment models. This vision of a new connectivity paradigm is a central thread for the evolution of
wireless technologies, including LTE/LTE Advanced.

Qualcomm Technologies has been instrumental in driving the evolution of LTE/LTE Advanced by
introducing enhancements such as LTE in unlicensed spectrum (LTE-U), LTE Direct and LTE-MTC
(Machine Type communications) that personify this new connectivity paradigm.

Here are some of Qualcomm Technologies’ recent key milestones in the advancement of LTE/LTE
Advanced and HSPA+:

e Announced industry’s first LTE-U small cell solution (FSM 99xx) and RF transceiver chip (WTR
3950) in February 2015

e First to announce Category 10 LTE Advanced modem (9x45) supporting global Carrier
Aggregation (CA) for download speeds of up to 450 Mbps, upload speeds of up to 100 Mbps, and
CA across the TDD and FDD spectrum in November 2014

e Supported the first large scale commercial VOLTE deployment with SRVCC in Japan in July 2014

e Powered the world’s first commercial LTE Advanced Category 9 smartphone with download
speeds of up to 450 Mbps in June 2014

e Collaborated with Sprint and NASCAR in the live trail of first hyper-dense small cell network in
March 2014

e Collaborated with Deutsche Telekom on the first LTE Direct operator trail in Germany in February
2014
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e Powered the world’s first LTE-Advanced smart phone with Snapdragon 800 processor in June
2013

e Collaborated with Orange and Ericsson for the world’s first live demonstration of Supplemental
Downlink technology on L-band in February 2013

e Announced Qualcomm RF360 Front End Solution that enables single global LTE designs
supporting a wide range of frequency bands and LTE addressing brand fragmentation in
February 2013

e First to announce chipset solutions to support HSPA+ Rel-10 (including 84 Mbps dual carrier
HSDPA) in February 2012

Being a key contributor to 3GPP, Qualcomm Technologies not only excels in pioneering new
technologies but also making them a commercial reality through proof or concept development,
prototyping and finally delivering commercial chipset solutions.

SPRINT

Sprint is a communications services company that creates more and better ways to connect its
customers to the things they care about most. Sprint served nearly 56 million connections as of
December 31, 2014, and is widely recognized for developing, engineering and deploying innovative
technologies, including the first wireless 4G service from a national carrier in the United States; leading
no-contract brands including Virgin Mobile USA, Boost Mobile, and Assurance Wireless; instant national
and international push-to-talk capabilities; and a global Tier 1 Internet backbone. Sprint has been named
in the Dow Jones Sustainability Index North America for the past four years.

Today Sprint covers more than 270 million people with 4G LTE, including 125 million with 2.5GHz, the
spectrum band Sprint uses for faster data speeds. In addition, Sprint has deployed 800MHz voice
services nationwide, and has deployed 800MHz LTE across more than 60 percent of its LTE footprint,
providing dramatically better in-building performance.

The company continues to make progress on its goal of reaching underserved communities with its
network. Sprint's Rural Roaming Preferred Provider program now includes 27 carriers, with plans to
extend 4G LTE coverage in 27 states, covering 565,000 square miles and a population of more than 38
million.

In July 2014 Sprint announced it had substantially completed the rip and replacement of its 3G 1.9GHz
network. The company also announced the roll-out of nationwide High Definition (HD) Voice, providing
customers with a significant improvement in voice quality. Today, more than 24 million HD Voice capable
devices are in use by Sprint’s customer base.

In 2015, Sprint expects to significantly increase its coverage and capacity with the deployment of new
sites across its 800MHz, 1.9GHz, and 2.5GHz spectrum bands, including adding macro sites and small
cells. The company aims to finish its 800MHz LTE build by the end of the year where rebanding is
complete. In addition, Sprint remains committed to its 2.5GHz deployment in cities across the country.
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Furthermore, Sprint will continue to utilize some of the most advanced technologies in wireless — carrier
aggregation for higher speeds, 8T8R radios for enhanced coverage and multi-antenna processing
techniques like MIMO for higher capacity, along with tri-band LTE devices to deliver the consistent
reliability, capacity and speed that its customers demand.

T-MOBILE

T-Mobile US, Inc. is becoming more like a mobile Internet company designed for the Internet-born
generation. The company’s data-hungry customers are surfing, streaming, shopping, FaceTiming,
downloading, tweeting and Facebooking with wild abandon; therefore, T-Mobile designed their network
differently, referring to it as Data-Strong™.

T-Mobile’s 4G LTE network is concentrated and strengthened in the areas where data demand is highest
— where people live, work, and play. The company continues to offer the fastest nationwide 4G LTE
network in the U.S. and delivers the most consistent LTE speeds, building their network at a pace
unprecedented in their industry.

T-Mobile has been rapidly expanding and enhancing its 4G LTE network across America. Since the
beginning of the Un-carrier™ movement, the network has gone from zero LTE to currently covering over
265 million Americans. By the end of 2015, T-Mobile plans to cover 300 million people with LTE.

Key Network Milestones
2012:

e February: T-Mobile announced a $4 billion plan to re-build the metropolitan areas of its network,
refarming its spectrum holdings to free up spectrum for LTE and align its HSPA+ to the PCS 1900
MHz band

e October: T-Mobile and MetroPCS announce a merger to create a publicly-traded company
2013:

e January: T-Mobile was the first major national U.S. provider to enable nationwide HD Voice

e March: T-Mobile launches its first LTE market and first LTE devices available in market

e May: T-Mobile and MetroPCS merger complete and the process of harvesting spectrum for LTE
begins immediately

e July: T-Mobile announced that it had deployed LTE covering 157 million Americans; MetroPCS
adds 15 new markets, doubles reach in less than three months

e October: T-Mobile offered nationwide 4G LTE network coverage available to 203 million people

e November: T-Mobile’s first Wideband LTE market launches, MetroPCS adds 15 new markets,
tripling its reach across the US
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2014:

2015:

January: T-Mobile boasts the fastest nationwide 4G LTE network

March: T-Mobile announced a major project to upgrade its 2G/EDGE coverage with new LTE
coverage in the PCS 1900 MHz band

April: 700 MHz A-Block acquisition closes covering 158 million LTE pops and 75% of T-Mobile’s
customer base

May: T-Mobile was the first major US wireless provider to launch Voice over LTE (VOLTE) in
Seattle

July: T-Mobile was the first major national U.S. provider to launch nationwide VOLTE

September 2014: T-Mobile launched next-gen Wi-Fi Calling, allowing customers to move
seamlessly between a LTE network and any available Wi-Fi connection with a capable device for
HD Voice quality coverage

October: T-Mobile reached 250 million Americans with LTE — months ahead of schedule

December: At the end of 2014, T-Mobile covered 265 million Americans with 4G LTE coverage,
smashing their year-end goal of covering 250 million people; Wideband LTE, which increases
bandwidth and capacity on T-Mobile’s LTE network, is available in 121 markets; T-Mobile’s first
700 MHz low-band LTE went live in Cleveland, Colorado Springs, Minneapolis and Washington,
D.C.; In the 2™ half of 2014, T-Mobile entered into agreements to expand its 700 MHz holdings,
now reaching approximately 190 million pops

January: T-Mobile commits to bringing Licensed Assisted Access production trials to life in 2015
and the technology to customers in the near-future, T-Mobile was the winning bidder of AWS-3
spectrum licenses covering approximately 97 million people for an aggregate bid price of $1.8
billion

February: T-Mobile launches 700 MHz low-band LTE in Dallas and Houston

About T-Mobile US, Inc.: As America’s Un-carrier, T-Mobile US, Inc. (NYSE: TMUS) is redefining the way
consumers and businesses buy wireless services through leading product and service innovation. The
Company’s advanced nationwide 4G LTE network delivers outstanding wireless experiences to
approximately 55 million customers who are unwilling to compromise on quality and value. Based in
Bellevue, Washington, T-Mobile US provides services through its subsidiaries and operates its flagship
brands, T-Mobile and MetroPCS.
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APPENDIX D: ACRONYMS

2G
3D-UMa
3D-UMi
3G
3GPP
4G
8T8R
AA

AAS

ACDC

ACK/NACK
ACLR
ADC

AESE

AF
AM

ANDSF

ANR
AoA
AoD
APT
AWS
BBAI
BER
BF
BLER
BM-SC
BO

BS
BSR
BTS
CA
CAGR
CAPEX
cc
CDMA
CDR
CELL_FACH
CFN

Second Generation

3D Urban Macro Outdoor

3D Urban Micro Outdoor

Third Generation

3rd Generation Partnership Project
Fourth Generation

8 Transmitters 8 Receivers
Antenna Array

Active Antenna Systems

Application Specific Congestion Control for
Data Communication

Acknowledgement/Negative Acknowledgement
Adjacent Channel Leakage Ratio

Application Detection and Control
Architecture Enhancements for Service
Capability Exposure

Application Function

Acknowledged Mode

Access Network Discovery and
Selection Function

Automatic Neighbor Relation
Angle of Arrival

Angle of Departure

Asia Pacific Telecommunity
Advanced Wireless Spectrum
Broadband Access Interworking

Bit Error Rate
Beamforming

Bit Error Rate

Broadcast Multicast Service Center
Buffer Occupancy

Base Station

Buffer Status Report

Base Transceiver Station
Carrier Aggregation

Compound Annual Growth Rate
Capital Expenses

Component Carrier

Code Division Multiple Access
Call Detail Record

Forward Access Channel

Connection Frame Number

CMS

CN
CoMP
cP

CPC
cal
CRS
CSFB
csl
CSI-RS
CTIA
D2D
DASH
DASH-IF
dB

DB
DB-DC
DC

DCH
DC-HSPA
DCN/DECOR
DFT

DL

DMB
DMRS
DMTC
DPDK
DRS
DRX
DSMIPV6
EBF
ECGI
ECM-IDLE
E-DCH
EDGE
EDPCCH
E-HICH

elIMTA

elCIC
EIRP

Communication and Media Solutions

Core Network

Coordinated Multi-Point Transmission and Reception
Communication Pattern

Continuous Packet Connectivity

Channel Quality Indications

Cell Specific Reference Symbol

Circuit Switched Fall Back

Channel State Information

Channel-State Information Reference Symbol
Cellular Telecommunication Industry Association
Device-to-Device

Dynamic Adaptive Streaming Over HTTP
DASH Industry Forum

Decibel

Dual Band

Dual Band Dual Cell

Dual Connectivity

Dedicated Channel

Dual Carrier-High Speed Packet Access
Dedicated Core Network

Discrete Fourier Transform

Downlink

Digital Multimedia Broadcasting

Demodulation Reference Signal

DRS Measurement Timing Configuration

Data Plane Development Kit

Discovery Reference Signals

Discontinuous Reception

Dual Stack-Mobile Internet Protocol version 6
Elevation Beam Forming

E-UTRAN Cell Global Identifier

EPS Connection Management IDLE

Enhanced Dedicated Channel (also known as HSUPA)
Enhanced Data rates for GSM Evolution
Enhanced Dedicated Physical Control Channel

Enhanced DCH Hybrid ARQ Indicator Channel

Enhanced International Mobile Telecommunications
Advanced

Enhanced Inter-Cell Interference Coordination

Equivalent Isotropic Radiated Power
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EIS

E-LMMSE-
IRC

eMBMS
eNodeB
EPC

eP-CSCF
ePDG
EPDCCH
EPS
E-RNTI

ETSI
EUL
E-UTRA

EV-DO
EVS

FD

FDD
F-DPCH
FEC

felCIC

FOMA
FTP

GCS AS

GCSE_LTE
GERAN

GGSN
GNSS
GPRS
GPS
GROUPE
GSM
GTP-C
GTP-U
GW

Gyn/Gzn
HARQ
HARQ ACK

HCE

Equivalent Isotropic Sensitivity

Enhanced - Linear Minimum Mean Square
Error - Interference Rejection Combining
Evolved Multimedia Broadcast Multicast
Service

Evolved NodeB

Evolved Packet Core also known as System
Architecture Evolution (SAE)

Enhanced P-CSCF

Evolved Packet Data Gateway

Enhanced Physical Downlink Control Channel
Evolved Packet System

E-DCH Radio Network Transaction Identifier

European Telecommunications Standards
Institute

Enhanced Uplink

Evolved Universal Terrestrial Radio Access
Network (based on OFDMA)

Evolution Data Optimized or Data Only
Enhanced Voice Services

Full Dimension

Frequency Division Duplex

Fractional Dedicated Physical Channel

Forward Error Correcting

Further Enhanced Inter-Cell Interference
Coordination

Freedom of Mobile Multimedia Access

File Transfer Protocol
Group Communication System Application
Server

Group Call System Enablers for LTE
GSM EDGE Radio Access Network

Gateway GPRS Support Node

Global Navigation Satellite System
General Packet Radio Service

Global Positioning System

Group Based Enhancement

Global System for Mobile Communications
GPRS Tunneling Protocol - Control

GPRS Tunneling Protocol User Plane

Gateway

Interfaces between the TDF and the
OCS/Offline Charging System (OFCS)

Hybrid Automatic Retransmission Request

Hybrid Automatic Repeat Request
Acknowledgement

Host Card Emulation

HetNet
HLCom
HLR
HNB/HeNB
HO

H-RNTI
HSDPA
HS-DPCCH
HS-DSCH
HSPA

HSPA+

HS-PDSCH
HSS
HSUPA

L-Cw-IC
LGW
LHR

Heterogeneous Network

High Latency Communications

Home Location Register

Home NodeB/Home eNodeB

Handover

HS-DSCH Radio Network Transaction Identifier
High Speed Downlink Packet Access

High Speed Dedicated Physical Control Channel
High Speed Downlink Shared Channel

High Speed Packet Access

High Speed Packet Access Plus (also known as HSPA
Evolution or Evolved HSPA)

High Speed Physical Downlink Shared Channel
Home Subscriber Server

High Speed Uplink Packet Access

Inter-Cell

Inter-Cell Interference Coordination

IMS Centralized Services

Interrogating Call Session Control Function
In-Device Coexistence

Information Element

Internet Engineering Task Force Request for Comments

Internet Protocol Flow Mobility and seamless WLAN
Offload

Improved HARQ Retransmission
Intermodulation

IP Multimedia Public Identity
Internet Protocol Multimedia Subsystem

International Mobile Subscriber Identity
International Mobile Telecommunications
Internet Protocol

Indoor Positioning System

Interference Suppression

Inter-Site Distance

International Organization for Standardization
International Telecommunications Union

Key Performance Indicators

Licensed Assisted Access

Listen-Before-Talk

Linear - CodeWord level successive - Interference
Cancellation

Local Gateway

Legacy HARQ Retransmission
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LIPA

LMMSE-IRC

LMR
LoS
LTE
LWA
M2M
MAC
MBMS

MBMS-GW

MBSFN

MCE
MCG
MCI
MCPTT
MCS
MDT
MeNB
MIB
MIMO
ML
MME
MMEGI

MMSE-IRC

MMTel
MNO
MO
MONTE
MPS
MRO
ms

MT
MTC

MTCe

MTCe-
SDDTE
MTCe-
UEPCOP

MU-MIMO
MUST
MwWC

Local Internet Protocol Access

Linear Minimum Mean Squared Error —
Interference Rejection Combining

Land Mobile Radio

Line of Sight

Long Term Evolution

LTE Wireless Local Area Network Aggregation
Machine-to-Machine

Media Access Control

Multimedia Broadcast Multicast Services

Multimedia Broadcast Multicast Services —
Gateway

Multicast Broadcast Single Frequency
Networks

Multi-cell/Multicast Coordination Entity
MeNB Cell Group

MAC Control Information
Mission Critical Push-to-Talk
Modulation and Coding Scheme
Minimizing Drive Tests

Macro Evolved NodeB

Master Information Block
Multiple-Input Multiple-Output
Maximum Likelihood

Mobility Management Entity

MME Group ldentity

Minimum Mean Square Error Interference
Rejection Combining

Multimedia Telephony

Mobile Network Operator

Mobile Originated

Monitoring Enhancement
Multimedia Priority Service
Mobility Robustness Optimization
Milliseconds

Mobile Terminated

Machine Type Communications

Machine Type Communications
Enhancements

Small Data and Device Triggering
Enhancements

UE Power Consumptions Optimizations
Multi-User Multiple-Input Multiple-Output
Multi-User Superposition Transmission

Mobile World Congress

NAIC

NAICS

NAS
NBIFOM
NCL
NFC
NFV
NLoS
NNSF
NRI
OAM
OFDM
OFDMA
OMA
OPEX
OTA
OTDOA
OoTT
PA3
PBCH
PCC
PCEF
PCI
P-CSCF
PDN
PDSCH
PDU
P-GW
PLMN
PMCH
PMI
PMIP
PRB
P-RNTI
ProSe
PRS
PSAP
PSD
PSM
PSPC

PSS/ISSS

Network Assisted Interference Cancellation

Network Assisted Interference Cancellation and
Suppresison

Non Access Stratum

Network-Based Internet Protocol Flow Mobility
Neighbor Cell List

Near Field Communications

Network Function Virtualization

Non Line of Sight

NAS Node Selection Function

Network Resource Identifier
Operations, Administration and Maintenance

Orthogonal Frequency Division Multiplexing

Orthogonal Frequency Division Multiplexing Access

Open Mobile Alliance

Operating Expenses

Over-The-Air

Observed Time Difference of Arrival
Over-the-Top

Pedestrian A

Primary Broadcast Channel

Policy and Charging Control

Policy and Charging Enforcement Function
Physical Cell ID

Proxy Call Session Control Function
Public Data Network

Physical Downlink Shared Channel
Packet Data Unit

Public Data Network Gateway
Public Land Mobile Network
Physical Multicast Channel
Precoding Matrix Index

Proxy Mobile IP

Physical Resource Block

Paging - Radio Network Temporary Identifier
Proximity Services

Positioning Reference Channel
Public Safety Answering Point
Power Spectral Density

Power Saving Mode

Push-To-Communicate for Public Safety

Primary Synchronization Signal/Secondary
Synchronization Signal
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PTT Push-to-Talk SCS Service Capability Server

PUCCH Physical Uplink Control Channel S-CSCF Serving Call Session Control Function
PUSCH Physical Uplink Shared Channel SCTP Stream Control Transmission Protocol
Q4 Fourth Quarter Sd Interface between PCRF and TDF
QAM Quadrature Amplitude Modulation SDDTE Small Data and Device Triggering Enhancements
QoS Quality of Service SDN Software-Defined Networking
QPSK Quadrature Phase Shift Keying SeNB Serving eNB
RAB Radio Access Bearer SFN Single Frequency Network
RACH Random Access Channel SGSN Serving GPRS Support Node

Remote Authentication Dial In User Service for SGW Serving Gateway
s e O Sotraniow

a network service Sl Study ltem
RAN Radio Access Network SIB System Information Block
RATG Radio Access Technique Group SIB-1 System Information Block Type 1
RAU Routing Area Update SICI System Information Change Indication
RBS Radio Base Station SINR Signal-to-Interference plus Noise Ratio
RCAF RAN Congestion Awareness Function SIPTO Selected Internet Protocol Traffic Offload
RDN Radio Distribution Network SI-RNTI System Information - Radio Network Temporary Identifier
RE Resource Element SL-IC Symbol Level - Interference Cancellation
RF Radio Frequency SM Spatial Multiplexing
RI Rank Indicator SNR Signal to Noise Ratio
RIBS Radio Interface Based Synchronization SON Self-Optimizing or Self-Organizing Network
RLC Radio Link Control Layer SPS Semi-Persistent Scheduling
R-ML Reduced Complexity ML SRB Signaling Radio Bearers
RNC Radio Network Controller SRVCC Single Radio Voice Call Continuity
RNL Radio Network Layer SU-MIMO Single-User Multiple-Input Multiple-Output
RNTP Relative Narrowband Tx Power TA Tracking Area
RRC Radio Resource Control TAU Target Acquisition and Tracking Unit
RRM Radio Resource Management TBS Transport Block Size
RS EPRE Efefr?]r::tce Signal Energy Per Resource TCCE TETRA and Critical Communications Evolution
RSRP Reference Signal Received Power TOD Time Division Duplex
RSRQ Reference Signal Received Quality TDF Traffic Detection Function
RxX Receive TD-LTE Time Division LTE
RXU Receiver Units TETRA Terrestrial Trunked Radio
SA System Architecture ™ Transmission Mode
SAE System Architecture Evolution also known as TMGI Temporary Mobile Group Identity

Evolved Packet Core (EPC) TNL Transport Network Layer
SAND Server and Network Assisted DASH

TPC Transmit Power Control
SC Service Continuity
N L TSN Transmission Sequence Number

SC-EDMA Syn(.:hronlzatlon Channel-Frequency Division - Transmission Time Interval

Multiple Access
SCG SeNB Cell Group TWAG Trusted WLAN Access Gateway
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TWAN Trusted WLAN VCC Voice Call Continuity

Tx Transmit VolP Voice and Video over Internet Protocol

TXRU Transceiver Units VOLTE Voice-over-LTE

TXRUA Transceiver Unit Array WCDMA Wideband Code Division Multiple Access

TXU Transmitter Units WebRTC Web Real-Time Communication

UE User Equipment WG Working Group

UL Uplink Wi Work Item

UM Unacknowledged Mode wiIC WebRTC IMS Client

UMTS Universal Mobile Telecommunication System WIiMAX Worldwide Interoperability for Microwave Access based
(also known as WCDMA) on IEEE 802.16 standard

UPCON User Plane Congestion Management WLAN Wireless Local Area Network

URA_PCH UTRAN Registration Area_Paging Channel WwuDB WWW Users DB

URNTI User Radio Network Temporary Identifier X2 Interface between eNBs

USIM Universal Subscriber Identity Module X2GWwW X2 Gateway

UTDOA Uplink Time Difference of Arrival ZOA Zenith Angles of Arrival

UTRA Universal Terrestrial Radio Access ZoD Zenith Angles of Departure

UTRAN Universal Terrestrial Radio Access Network ZSD Zenith Spatial Distribution

VA3 Vehicular A
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