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| ntroducti on

The mobile broadband industry continues to expand, transforming both business es and live s.
Twenty years ago , handheld co mputing and wireless -data communi cations were niche
technologies, employed primarily in vertical -market industries. Today, the number of
connected devices is larger than the population of the United States

The industry would be exciting even if it had reached a final endpoint , but it is only at an
early stage of development , with no end in sight for the range of potential improvement. For
example, o ver the past five years, peak a chievable LTE throughput rates have increased
from tens of megabits per second to hundreds of megabits per second. Now, with 5G
development accelerating, engineers a re planning another tenfold or greater increase in
throughput

By using spectrally more eff icient technology, harnessing new spectrum in ever -higher

frequency bands, and  increasing network  density, the industry  will increase network capacity
by two to three orders of magnitude over the next ten years. Although radio communications

cannot match t he capacity of fiber -optic cable, the capabi lities of mobile broadband are
becoming so powerful that an increasing percentage of users will no longer need wireline
broadband connection s.

Not only is wireless technology the means by which humans are connect ing with one an other
and their work, it is also how we will eventu ally connect tens of billions of machines , whether
health monitors, self  -driving cars, or count less other devices for which applications have not
yet even been conceived. 5G, with its greate r capabilities, will expand use cases even
further.

Globally, the cellular industry has converged on 3GPP Long Term Evolution (  LTE), including
LTE-Advanced, as the common air interface. An industry that was previously fragmented

among multiple air interfac  es® Global System for Mobile Communication ( GSM), Universal
Mobile Telecommunications System (UMTS)/High Speed Packet Access (HSPA), Code Division

Multiple Access 2000 ( CDMAZ2000), Worldwide Interoperability for Microwave Access
(WIMAX) & now has one standard , resulting in h uge economies of scale  for infrastructure and
user equipment.  5G will become an extension of this communications platform.

In local area networks, Wi  -Fi has also achieved remarkable success . With ongoing
developments to more tightly integrat e Wi-Fi operation with LTE, as well as extending LTE
operation into unlicensed bands, the industry is about to realize the vision of one global,
harmonized network.

Table 1 summarizes the most important developments occurring in the wireless industry and
explained in this paper

Table 1:Most Important Wireless  Industry Developments in 2015.

Development

LTE Becomes the A previously fragmented wireless industry has consolidated globally
Global Cellular onLTE.
Standard

LTE is being deployed faster than any previous generation of wireless
technology.
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Development

LTE - Advanced
Provides Dramatic
Advantages

‘ Summary

Carrier A ggregation, akey LTE-Advanced featu re that operators are
deploying globally, harnesses available spectrum more effectively,
increases network capacity, and can increase user throughput rates.

Other features in early stages of deployment  or being test ed for
deployment include : Self -Organizin g Network (SON) capabilities in

the radio -access network, Enhanced Inter -Cell Interference

Coordination (elCIC) for small cells that use the same radio channels

as the macro cell, and  Coordinated Multi Point (CoOMP) transmission so
multiple sites can simultaneously process signals from mobile users,

improving cell -edge performance.

5G Research and
Development
Gains Momentum

5G, in early stages of definition through global efforts and many
proposed technical approaches , could start to be deployed close to
2020 and continue through 2030.

5G will be designed to int  egrate with LTE networks , and many 5G
features may be implemented as LTE - Advanced extensions prior to
full 5G availability

Internet of Things
Poised for Massive
Adoption

IoT, also called machine  -to-machine (M2M) communications, is
seeing rapid adoption and expected in tens of billions of devices over
the next ten years.

Drivers include improved LTE support, other supporting wireless
technologies, and  service -layer standar dization such as OneM2M

Spectrum  Still
Precious

Spectrum remains a precious commodity for the industry ; its value
was demonstrated by the recent Advanc ed Wireless Services (AWS)
auction that achieved record valuations.

Forthcoming spectrum in the United States includes the 600 MHz

band planned for auction in 2&%¥6 | a&nd
that the Federal Communications Commission (FCC) is in the process

of deploying

5G spectrum will include bands above 30 GHz , called mmWave, with
the potential of ten times as much spectrum as is currently available
for cellular. Radio channels of 1 GHz or  more will enable multi -Gbps
peak throughput.

Unlicensed
Spectrum
Becomes More
Tightly Integrated
with Cellular

The industr y has developed increasingly sophisticated means for Wi -
Fi and cellular networks to interoperate, making the user experience
ever more seamless.

The industry is also developing versions of LTE that can operate in
unlicensed spectrum.

Mobile Computing
Over takes the
Desktop

The number of mobile users globally now exceeds the number of
desktop users.
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Development ‘ Summary

Small Cells Take Operators have begun installing small cells . Eventually, millions of
Baby Steps small cells will lead to massive increases in capacity.

The industry is slowly overcoming challenges that include site
acquisition, self -organization, interference management, and

backhaul.
Network Function New network function virtualization (NFV) and software -defined
Virtualization networking (SDN ) tools and architectures are enabling operators to
(NFV) Emerges reduce network costs, simplify deployment of new services, and scale

their networks.

Some operators are also virtualizing the radio -access network, as well
as pursuing a related development called cloud radio -access network
(cloud RAN).

The main part of this paper covers exploding demand for wireless services, the path to 5G,
supporting technologies and architectures, voice over LTE, Wi -Fi calling, LTE for public
safety, options to expand capacity, and s pectrum developments.

The appendix delves into more technical aspects of the following topics: data throughput,

latency, UMTS /WCMA®', HSPA, HSPA+, LTE, LTE -Advanced, HetNets, Small Cells, self
organizing networks, the evolved packet core, unlicensed spectrum integration, the IP
multimedia subsystem , cloud radio -access networks, broadcast /multicast services, backhaul,
UMTS TDD, Time -Division Synchronous Code Division Multiple Access (TD -SCDMA), EDGE,
and TV white spaces.

YAlthough many use the terms AUMTSO and AWCDMA® intercha

to the radio interface technology used within UMTS,
is an enhancement to WCDMA. LTE with EPC is a completely new ar chitecture.
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Expl oding Dem

Mobile broadband satisfies an inherent

handhel d computing and fast wireless connections.

human and business need
tied to a physical location. Two technology vectors have collided

and

. to do more without being
and reached critical mass:
This computing and communications

platform encourages the innovation that has produced millions of applications.

Until now, human interaction has
be a third vector that
communicate and how
whether , over the next decade
factoroften orahundred i s

Figure 1: Exploding Demand

driven wireless demand, but comm
expands demand to an even higher level. What
they do so will vary far more than human communication
, the Internet of Things (loT)
i mp ongssivebirhpact, holvevar,dssnevitable.

unicating machines will
types of things
. Predicting

contributes to  demand by a

from Critical Mass of Multiple Factors

Rysavy Research

Mobile
. 46' 3G, Computing
Wi-Fi Networks ' I —

Exploding Demand
Through Growing
Number of
Applications

Internet
of
Things

This section explores these various demand  factors.
Smartphones and Tablets
Todaybés smartphones and

applications possible:
¢ Processors clocked at over 1 GHz.

¢ Memory ranging from 16 GB to 128 GB
many hours of video .

tabl et s have raw capabil

able to store thousands of songs and
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¢ Motion processing.
¢ Multiple radio interfaces, including 2G to 4G, Bluetooth, Wi -Fi, and GPS.

¢ High-definition screens, such as 192 0 X 1080 (referred to as 1080p), exceeding in
many cases the resolution of human eyes.

¢ High -performance still and mot  ion cameras.
¢ Sophisticated multi -task ing operating systems.
¢ Voice recognition and artificial intelligence.

Because they always carry these devices , users are likely to use a wider variety of
applications than at a stationary computer . The rich capabilities  of these mobile platforms
enable users to consume ever larger amounts of data through music and video
streaming , social networking, cloud synchronization , cloud/Web -based applications, Web
browsing, content downloading , navigation, transportation, and mor e.

With similar capabilities across different mobile OS platforms and millions of available
applications, t oda yhased comoputers bave beocomec ihdispensable for
billions of people.

Application Innovation

When planning 4G network technology, wh o could have predicted applications such as
Uber and Lyft, which combine location information with mapping and online payment,

and now are disrupting the taxi industry and even challenging notions of private vehicle
ownership? While some applications of ne w technology can be predicted, many cannot.

More efficient technology not only address es escalating demand, it also provides higher

performance, thus encouraging new usage models and increas ing demand even further.
For example, Mobidia reports that in December 2014, Android 4G smartphone users
averaged 2.4 GB monthly usage compared with 1.1 GB for 3G smartphone users. 2

Developers have an increasing number of tools at their fingertips to develop mobile
applications, including:

¢ Everricher platform  -specific d eveloper tools.

¢ Increasing capability in Web  -based tools, such as HTML5, for applications that
operate across multiple platforms. Hybrid HTML5/native apps are also becoming
common.

¢ New application programming interfaces ( APIs) for accessing mobile -specific
functions, including WebRTC (Web Real Time Communications) , Speech, short

message service ( SMS), multimedia messaging service ( MMS), in -app messaging,
address books, advertising, and device capabilities.

2 Mobidia pressr elease, Néw Global Re search Demonstrates LTE Drives u p Cellular Data
Consumption , 6 Feb. 12, 2015.
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¢ Cloud-based support for  applications, such as loT and mobile commerce (for
example, cloud -based wallets).

Of concern to many companies in the wireless industry , however, are new network
neutrality rules that could hamper innovation. By r estricting prioritization,  for example,
the rules seem to fail to recognize that traffic from different applications inherently have
different quality -of-service requirements .°

Internet of Things

Early Internet of Things applications include vehicle infotainment, home health,
transportation and logistics, securit y and home automation, manufacturing, construction

and heavy equipment, healthcare, and digital signage. Municipalities , evaluating what
constitutes fAsmart cities, o are exploring how
connect utility meters, and deploy trash containers that can report when they need
emptying.

Although promising, the IoT market is also challenging, with varying communications
requirements, long lifetimes, demanding battery requirements, cost sensitivity, security

concerns, unsui tability of conventional networking protocols for some applications , and
other factors that application developers must address. Streamlining processes and
developing supporting infrastructure will take time. The IoT market is not monolithic , but
ultimately thousands of markets. Success will occur one sector at a time, and success in
one area may provide the building blocks for another .

Over time, the inter  net working of things will continue because of the cost savings, and
competitive advantages delivered . To address the opportunity, 3GPP is defining
progressive LTE refinements that occur over multiple 3GPP releases, including low -cost
modules in Release 13 that could match 2G module pricing. See the section s on Internet
of Things , below and in the appendix , for more details.

Video Streaming

Video represents the greatest usage of data on smartphones. Just an hour a day of

mobile video at 1.0 Mbps throughput , typical with YouTube or Netflix, consumes 13.5 GB
per month. See the Appendix section , Ddéita Consumed by Video ,0 for a quantification of
data consumed by video for multiple usage scenarios.

An increasing number of video applications, including Netflix and Skype, adapt their
streaming rates based on available bandwidth. By doing so, they can continue to operate

even when throughput rates drop. Conversely, they take advantage of higher available
bandwidth to present video at higher resolution. Fo rtunately, application developers are
becoming sensitive to bandwidth constraints and are offering options for users to reduce
consumption

3 For further discussion, see Rysavy Research, How Wireless is Different 1 Considerations for the Open
Internet Rulemaking , Sept ember 12, 2014. Available at http://www.rysavy.com/Articles/2014 -09-

Wireless - Open - Internet.pdf
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Cloud Computing

Cloud computing inherently increases data consumption because it requires
communications for all operations . Examples include data synchronization and backup,
cloud -based applications ( such as email, word processing, and spreadsheets), automatic
photo upload s, and music and video streaming.

5G Data Drivers

Some applications of 5G can be predicted, but many, if not most , will arise as industries
evolve or come into existence to take advantage of new network capabilities. Some
potential applications of 5G include:

¢ Ultra -high -definition, such as 4K and 8K, and 3D video.
¢ Augmented and immersive virtual reali ty.

¢ Realization of the tactile Internet 0 real -time, immediate sensing and control,
enabling a vast array of new applications.

¢ Automotive, including autonomous vehicles , driver -assistance systems, vehicular
Internet, infotainment, inter -vehicle information e xchange , and vehicle pre-crash
sensing and mitigation.

¢ Monitoring of critical infrastructure, such as transmission lines, using long -battery -
life and low -latency sensors.

¢ Smart transportation using data from vehicles, road sensors, and cameras to
optimize traffic flow.

¢ Mobile health and telemedicine systems that rely on ready availability of high -
resolution and detailed medical records, imaging, and diagnostic video.

¢ Public safety, including broadband data and mission -critical voice.

¢ Sports and fithess enha  ncement through biometric sensing, real -time monitoring,
and data analysis.

Many of these applications are already being addressed by 4G, but 5G, because of its
lower costs, higher throughputs, and lower latency, will permit broader realization of their
potential.

In addition, a growing percentage of users will be able to rely on 5G as their only form of
broadband connection, continuing the cord -cutting trend that began with voice service
and that now extends to broadband data service.

Global Mobile Adoption

Figure 2 shows the often -cited Cisco projection of global mobile data growth through
2019, measured in exabytes (billion gigabytes) per month, demonstrating traffic growing
at a compound annual rate of 57 % & resulting in ten -fold growth over that period.
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Figure 2: Global Mobile Data Growth 4
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Figure 3 shows another data projection, predicting 40% annual growth in data for the

201 4 to 2020 period, resulting in eight -fold growth.
4 Cisco, Cisco Visual Networking Index: Global Mobile Data Traffic Forecast U pdate, 2014 -2019,
February 2015
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Figure 3: Global Mobile Traffic for V oice and Data 2014 to 2020 3
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In July 2015, more than 6.2 billion subscribers were using GSM -HSPA®5 85% of the
wo r | 8.3 Billion population. ’ By the end of 2019, the global mobile broadband market is
expected to include nearly 8.45 billion subscribers , with 8.1 billion us ing 3GPP
technologies, representing about 97 % market share. ® Chetan Sharma Consulting
anticipates 2015 U.S. cellular data revenues to exceed $132 billion, a growth of 22%

over the prior year. °

The evolution of UMTS to HSPA has gained a worldwide customer base of more than two
billion people on  nearly 600 commercial networks

LTE has experienced faster deployment than any mobile technology ever. All major U.S.
operators now offer nationwide LTE coverage. LTE has also been chosen by U.S. n ational

5 Ericsson, Ericsson Mobility Report on the Pulse of the Networked Society , February 2015.

& Ovum, July 2015 .

"US Census Bureau, fAU.S. and Mptwwd Peoguugbvdpopclackl Cdcoessdd, ©
June 25, 2015 .

8 Ovum, July 2015 . Note that the 2018 mobile broadband market figures include GSM/EDGE, since
most GSM networks are likely to include Evolved EDGE, which provides mobile broadband capability.

® Chetan Sharma, US Mobile Data Market Update T Q12015 .
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public -safety organizations as their broadband technology of choice. As shown in

4, 2G GS

M has peaked

subscriptions will continue to rise through the rest of the dec

Figure

, and LTE subscriptions exceed CDMA. Both HSPA and LTE

ade.

Figure 4: Global Adoption of 2G - 4G Technologies 2010 to 2020 10
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The Path to 50G

Mobile broadband, an ever -growing and highly visible component of the Internet, is
impacting every aspect of life . changing how people sociali  ze, how businesses operate, and
how governments and their citizens interact . This section considers expanding use cases, the
future of the Internet, 1G to 5G evolution, 5G concepts and a rchitectures , and the
capabilities defined in different releases of 3G PP specifications.

Expanding Use Cases

Many wireless technology discussions focus on radio capabilities, but other aspects that
are just asimportant include use cases the technology supports, the services built on top
of the technology, how different networks integrate with one an other, and the topology of

the networks. As summarized in  Figure 5, all of these aspects are expanding, making
mobile/wireless technology the foundation for other industries, including business -
process optimization, consumer electronics, M2M, connected devices, and a multitude of

vertical industries
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Figure 5: Expanding Use Cases

¥
T
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Operator Services
- Television broadcast
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Third-Party Services

- Over-the-top
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Applications
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- Cloud-based
- Other

- Location-based

- Public safety

- Internet of Things

- Vehicle communication

Multi-Network Integration and New Topologies:

- Network-level aggregation (e.g., Multipath TCP)

- Offload onto Wi-Fi

- LTE Wi-Fi Link Aggregation

- Operation of LTE in unlicensed bands

- New connection methods (relays, multi-hop, device-t- device)

Radio Network Enhancement:

- Becoming faster (peak rates of 1 Gbpst in 4G, 20 Ghps+ in 5G)

- Densifying (smaller cells)

- Capacity increasing (more cells, more spectrum, more efficient technology)
- Shorter delays (10 msec with LTE, 1 msec with future LTE-Advanced and 5G)
- Low-cost and low-power machine options

- Centralization of radio-access network functions

Rysavy Research

The result of these multi -dimensional developments are networks based on LTE-
Advanced technology and eventually5 G networksthat will be capable of :

Extreme broadband of over 20 Gbps
Capacity 1 00 to 10,000 times greater than today
Deep coverage for machines buried within environments

Extremely low energy demands for many years of battery operation
Low complexity options for inexpensive machine communications

Super -high density for  both humans and machines

O 0 0 0 0 0O 0

Machine and automotive command -and -control
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¢ Auto -awareness through discovery and self -optimization

¢ Continuous mobility and converged connectivity across multiple network types

1G to 5G Evolution

The d awn of 5G looms over the industry, a dawn that will be constructed from millions of

ideas, methods, algorithms, and processes . In some ways, 5G is a distraction from the
intricate  efforts to perfect 4G. Yet consumers keep demanding greater capabilities, and
technology keeps advancing . So just as 4G LTE became available when previous
technologies , such as HSPA, could be further improved, 5G enters the stage when the
roadmap for LTE has not been exhausted. And just as 2G coexists today with 3G and 4G,

5G will coexist with previous generations of technology.

For historical context , ALGO0 refers to analog cell ular technologies that became available in

the 1980s. A2G0 denotes initial digital systems that became available in the 1990s and

that introduced services such as short messaging and lower -speed data. 3G requirements
were specified by the ITU as part of th e International Mobile Telephone 2000 (IMT -2000)
project, for which digital networks had to provide 144 Kbps of throughput at mobile

speeds, 384 Kbps at pedestrian speeds, and 2 Mbps in indoor environments. UMTS -HSPA
and CDMA2000 are the primary 3G technol ogies. 3G technologies began to be deployed

early last decade.

In 2008, the ITU issued requirements for IMT - Advanced, which many people initially used
as a definition of 4G. Requirements included operation in up -to-40 MHz radio channels
and extremely high spectral efficiency. The ITU required peak spectral efficiency of 15
bps/Hz and recommended operation in up -to-100 MHz radio channels, resulting in a
theoretical throughput rate of 1.5 Gbps. In 2009 and 2010, the term
associated with mobile bro  adband technologies deployed at the time, such as HSPA+ and

WIMAX. Today, 4G usually refers to HSPA+ or LTE.

Although the industry is preparing for 5G, LTE capabilities will continue to improve in
LTE-Advanced through the rest of the decade. Many of thes e enhancements will come
through incremental network investments. Given the scope of global wireless
infrastructure, measured in hundreds of billions of dollars, offer ing users the most

affordable service requires operators to leverage investments they hav e already made.
5G will eventually play an important role, but it must be timed appropriately so that the

jump in capability justifies the new investment. Many of the features planned for 5G may

in fact be implemented as LTE -Advanced extensions prior to full 5G availability.

5G groups researching next  -generation wireless architec  ture and requirements include,
among others, the International Telecommunication Union (ITU)"™, the European
5G Infrastr ucture Public -Private -Partnership (5G PPP), the METIS Consortium (Mobile and
wireless communications Enablers for the Tw enty -twenty Information Society ), and Next
Generation Mobile Networks (NGMN). Finally, 4G Americas is actively involved in

“ Y nternational Tel e c o mmuworkioga tPartg n5D  MPi 6Dy , -Ai IMT Systems , 0

http://www.itu.int/[TU -R/index.asp?category=study -groupsé&rlink=rwp5d&lang=en , accessed March
19, 2015.
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developing th e vision and requirements of 5G for North, Central, and South America. 4G
Americas has signed an MoU to  collaborate with 5G -PPP.*?

The ITU, the standardization group of the United Nations, has set the following
standardization timetable in its IMT -2020 proj ect:

¢ 2016 -2017 : Definition of technical performance requirements, evaluation criteria
and methods, and submission templates.

C 2018 -2019 : Submission of proposals.
C 2019 : Evaluation of proposed technologies.
¢ 2020 : Publication of IMT -2020 specifications.

Wireless technology  has progressed to the extent that significant new capabilities are
inevitable, making 5G a possible alternative to wireline broadband for many
subscribers. **

Table 2 summarizes the generations of wi reless technology
Table 2:1Gto 5G
Generation Requirements Comments

Analog technology.

2G No official requirements. First digital systems.
Digital technology. Deployed in the  1990s.

New services such as SMS
and low -rate data.

Primary technologies
include IS -95 CDMA
(cdmaOne) and GSM.

3G I T UO®6 s-2000/r€quired 144 Kbps First deployment in 2000.
mobile, 384 Kbps pedestrian, 2 Mbps ) )
indoors Primary technologies

include CDMA2000 1X/EV -
DO and UMTS -HSPA.

2 5GPPP, -PPPG MoU with 4G Amer i cashitg/ /9dapppeh/5g 2-ppp -th@ul\eith -4g-
amerericas/

Bl TU, il TU IMDbfar202@and béyond 6 , htip://www.itu.int/en/ITU -R/study -
groups/rsg5/rwp5d/imt -2020/Pages/def _ault.aspx , viewed July 7, 2015.

“Rysavy Re sHowwit3G,compare to fiber, cable or DSL? o0 Fierce Wireless, May 2014. Available
at http://www.rysavy.com/Articles/2014 -05-5G-Comparison _-Wireline.pdf .
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Generation Requirements Comments

WIMAX.
4G (Initial I T UG s-Adlvdhted requirements First deployment in 2010.
Technical include ability to operate in up to 40
Designation) MHz radio channels and with very IEEE 802.16m and LTE -
high spectral efficiency. Advanced mee tthe
requirements.
4G (Current Systems that significantly exceed the Todaybs HSPA+,
Marketing performance of initial 3G networks. WIMAX networks meet this
Designation) No gquantitative requirements. requirement.
5G ITU IMT -2020 requirements are in Expected in 2020
progress and may represent initial timeframe.
technical requirements for 5G.
Term applied to generation
of technology that follows
LTE-Advanced .

The interval between each significant technology platform has been about ten years.
Withi n each platform, however , there is constant innovation. For example, with 2G
technology, EDGE significantly improved data performance compared with initial General
Packet Radio Service (GPRS) capabilities. Similarly, HSPA hugely increased data speeds
compa red with initial 3G capabilities. LTE and LTE -Advanced are also acquiring  continual
improvements that include both faster speeds and greater efficiency.

Figure 6 presents the timeline of techno logy generations, including past and future
showing initial deployment, the year of the peak number of subscribers, and decline.

Each cellular generation spans multiple decades , with peak adoption occurring some 20
years after initial deployment . 6G deployment in 2030, tho ugh highly speculative, is
consistent with deployment of previous generations.

Figure 6: Timeline of Cellular Generations

11980 [1990 2000 Po10 po20 Po30 Po4o
1G Peak
16 —"4———:————:_____———__—|>
2G Peak
2G |
3G Peak
3G <I>
4G Peak
6 ———0—0—" [
5G Peak

Rysavy Research
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5G Concepts and Architectures

Standards bodies have not yet defined 5G requirements, but various groups are
discussing the possibilities of what might constitute 5G for network deployments in 2020

or beyond. Under debate is whether 5G should be evolutionary from LTE or revolutionary,

such as implementing a completely new radio interface or even multiple new rad io
interfaces. Regardless, commonly stated goals of 5G include the following:

Data rates of 20 Gbps or higher, at least ten times higher than 4G.

@

¢ 100 Mbps throughputs even under heavy load and at the cell edge.
¢ More uniform user experience across the cover age area.

G

Extremely low latency, 1 msec or less, ten times lower than 4G, enabling greater
real -time control of systems.

¢ Using high frequencies, above 5 GHz and including mmWave (30 GHz and higher
GHz).

¢ Wide radio channels, 1 to 2 GHz, or even wider.

¢ Hierarchical/planned and ad hoc deployment models.

¢ Use of licensed and unlicensed bands.

¢ Equal support for human  -type and machine -type communications. Includes highly

efficient small -data transmission.
¢ Advanced spectrum sharing.

Figure 7 shows the transformation of net wo r d4Advancetno vi n
networks to future LTE -Advanced and eventually 5G networks.
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Figure 7: Network Transformation

Wireless Network of the Present Wireless Network of the Future
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Network Design: Network Design:
* Larger cells on average * Smaller cells on average
¢ Some small cells *  Many small cells
¢ Some advanced radio methods * Many advanced radio methods (smart antennas, etc.)
®  Wi-Fi and cellular mostly operate independently * Unlicensed- and licensed-spectrum technologies work
o Limited sharing of spectrum with government together in integrated network
* Frequencies: current cellular (600 MHz to 2.5 GHz) * Selective sharing of spectrum with government
¢ Total spectrum used: approximately 1 GHz * Frequencies: current cellular bands and higher
frequencies, including mmWave
* Total spectrum used: many GHz Rysavy Research
The fundamental decision for 5G is how to best leverage existing technology investments
in LTE while exploiting new spectrum and new technology capabilities . 5G design
emphasizes ways to combine existing 4G LTE networks with capabilities provided by 5G.
One such approach is to use enhanced LTE in exist ing frequency bands and to provide

interworking with  access in new bands that span a wide range of frequencies, as shown in
Figure 8.

' See also Rysavy Research infographic, iMobil e Broadband

Available at  http://www.rysavy.com/Articles/2014 -05-Networks -of-the - Future -Infographic.pdf
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Figure 8:5G Combining of LTE and New Radio Technologies

Existing Cellular Bands 3 GHz 10 GHz New 5G Bands 300 GHz
LTE for extended period Wide radio bands
Eventually 5G radio 5G radio methods

\ Core 5G Network Integrates /
Existing LTE in Cellular Bands with

5G Radio in New Bands

Rysavy Research

One decision of 5G is whether to use LTE -like radio access in new  5G bands orto instead
invent new radio -access technologies , as shown in  Figure 9. New radio method s would
boost performance and could co -exist with future versions of LTE.

Figure 9: Evolution to 5G Including LTE Improvements and Potential New 5G
Radio Methods

Rysavy Research
‘ Potential
New 5G
Radio Methods
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With the mindset of leveraging LTE investment s and providing intero perability with LTE

networks while increasing performance, the specific technologies designers are evaluating
for 5G include the items explainedin Table 3:
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Table 3: Key 5G Technology Elements

Key 5G
Technology

Element

under

Description

Investigati  on

Benefit

Massive MIMO Extension of MIM O concept to Increase of spectral efficiency, at
hundreds of antennas at the base least doubling , with 5X to 10X
station. gains theorized.

10 GHz or Most cellular today is below 3 GHz, Vast new spectrum amounts

higher bands but new technology allows operation available (as much as 10X or
in 10 GHz to 100 GHz for small cells. more) as well as wider radio

channels (1 or 2 GHz) enabling
much higher data rates.

New multi - LTE uses OFDM, but other potential Lower latency on  uplink

carrier ra dio
transmission

multi - carrier schemes include Filter -
Bank Multi - Carrier (FBMC)
transmission , Universa | Filtered

Multi - Carrier (UFMC) transmission ,

transmission due to lower
synchronization requirements.

Potentially better suited for

and Generalized Frequency -Division | SPectrum sharing because the
Multiplexing (GFDM) transmission operates in more
confined spectrum.
Non - Orthogonal Orthogonality in OFDM avoids Reduced latency for small
Multiple interference and ¢ reates high payloads.

Transmission

capacity, but requires extensive
signaling and increases delay.

Non -Orthogo nal Multiple Access
(NOMA) and Spar se Coded Multiple
Access (SCMA) could complement
orthogonal access by taking

adv antage of advanced interference
cancellation technique s.

Shared
Spectrum
Access

Current LTE systems assume
dedicated spectrum.

Future wireless systems (LTE and
5G) will interface with planned
Spectrum Access Systems that
manage spectrum among primary
(incumbent, e.g., gov  ernment),
secondary (licensed, e.g., cellular),
and tertiary (unlicensed) users.

More efficient use  of spectrum for
scenarios in which incumbents use
spectrum lightly.

Advan ced Inter -
Node
Coordination

LTE already uses techniques such as
inter -cell interference coordination
and Coordinated Multi - Point.

In 5G, cloud RANSs will enable better
coordination across base stations.

Higher network capacity.
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Key 5G Description Benefit

Technology

Element

Simultaneous Current cellular systems cannot Doubling of capacity. Potential
Transmission transmit and receive simultaneousl y | improvements in radio -access
Reception in the exact same spectrum . control.

By using advanced interference
cancellation methods, f  uture
systems could potentially do so,
especially in low -power transmission
environments such as small cells

Multi -Radio - LTE already integrates with Wi -Fi, Users automatically obtain the

Access- and plans include operation in most suitable network based on

Technologies unlicensed spectrum. their requirements and network
loads .

5G will need to integrate even more
tightly with Wi -Fi, 4G, and 3G
systems. Virtualization methods may
facilitate such integrat ion by
enabling instantiation of network
functions on demand.

Device -to- LTE already includes a limited form More efficient network use and

Device of device -to-device commun ication. improved access to data for users.

Communication )
5G could use this form of

communication to extend coverage
and to transfer the same data to
multiple units more efficiently

Wireless Today, wireless backhaul and access Greater flexibility in deploying
Access/Backhaul are based on different technologies. dense networks.
Integration

5G could be designed to handle both
functions, essentially making the
wireless link a multi  -hop network.

Flexible Network function virtualiz ation is Lower deployment and operating
Networks becoming common in LTE. costs. Faster rollout of new
services.

5G will be fully virtualized based on
NFV and software -defined
networking.

Of the technology elements above, use of higher frequencies, such as above 10 GHz,
represents the greatest opportunity for higher throughputs and higher capacity

benefit d erives from the  potential availability of ten times the amount of spectrum
currently available , with multiple GHz of contiguous spectrum. But t hese h
frequencies, especially mmWave frequencies (above 30 GHz), are suitable only over
distances . The combination of lower and higher frequencies is therefore crucial for 5G

. This
asis

igher

short
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operation. Lower bands ¢ ould be devoted to coverage a nd control , while higher bands
could provide opportunistic access for high data rates. The | ower and higher spectrum
bands could operate in a carrier -aggregation mode

Despite providing huge potential ¢ apacity gains, mmWave  frequencies suffer from worse
propagation characteristics , even in line -of-sight conditons , compared with lower
frequencies . This effect comes about because the comparatively smaller aperture area of
the recei ver dequirea nsomeenforra of beamforming at the transmit side, and
potentially even at the receiver side. Fortunately, the smaller form factors of mmWave
antennas allows for dense packing of antenna arrays . Experimental systems using
antenna arrays have demonstrated reliab le communications at 28 GHz, even in dense,
urban, non -line -of-sight conditions, for distances up to 200 meters. 16 Arrays at the
terminal side are  space -constrained, but some basic beamforming at the terminal is
possible. On the base station side, the array s may include hundreds of antennas in an
approach called fmassive MIMO. 0

Other technical approaches researchers are investigating in conjunction with 5G include
flexible mobi lity, context -aware networking , and moving networks. '

Information-Centric Networking

For many usage scenarios, wireless networks provide broadband access to the Internet , a
network that itself is evolving . The Internet is based on a node -centric design developed
forty years ago. The point -to-point method of communication the Internet uses has
functioned well for a vast array of applications but is not optimal for the way content is

developed and distributed today. Industry and academic organizations are researching a
concept called Information -Centric Networking . ICN seeks a new approach of in  -network
caching that distributes content on a large scale, cost - efficiently and securely.

Most Internet content use s Uniform Resource Identifier s (URIS) to locate objects and
defin e specific location -dependent [P addresses. This approach, however, causes
problems when content moves, sites change domains, or content is replicated and each

copy appears as a different object. Developments such as peer -to-peer overlays and
content distr ibution networks ( such as Akamai) that distribute cached copies of content

are a first step toward an information -centric communication model.

ICN is built from the ground up on the assumption of mobility, so it eliminates the

mobility overlays on which cu rrent mobile broadband networks depend. The approach will
be able to place information anywhere in the network with immediate and easy retrieval.

Key principle s of ICN include:
¢ The architecture inherently supports user mobility.
¢ Network operations are nam e based instead of address - or node -based.

¢ The network itself stores, processes, and forwards information.

6 sSamsung, 5G Vision, February 2015. Available at http://www.sa msung.com/global/business -
images/insights/2015/Samsung -5G-Vision -0.pdf .
7 For more details, refer to 4G Americasbo Recommendati ons on 5G ,Requi

October 2014.
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¢ Intrinsic security guarantees the integrity of every data object.

The goal of ICN is to simplify the storage and distribution of gigantic amounts of content
while reduc ing the amount of traffic and latency users face when accessing the content.
The Internet cannot just be replaced, however, so in initial stages, ICN would operate as

an overlay, and over time would assume an increasing percentage of the functions within
the Internet. ICN would not discard IP; rather it seeks to generalize the routing concept

to enrich networking with new capabilities.

Because mobility is such a central aspect of ICN, mobile network operators are in a
unique position to  participate in ICN -related research and development, and to do so as
part of 5G development.

3GPP Releases

3GPP standards development falls into three principal areas: radio interfaces, core

networks, and services. Progress in the 3GPP family of technologies has occurred in
multiple phases, first with GSM, then GPRS, EDGE, UMTS, HSPA, HSPA+, LTE, and now
LTE-Advanced. Underlying radio approaches have evolved from Time Division Multiple

Access (TDMA) to CDMA to  Orthog onal Frequency Division Multiple Access ( OFDMA),
which is the basis of LTE. 3GPP will also be involved in standardization of 5G technology.

LTE incorporates best -of-breed radio techniques to achieve performance levels beyond
what may be practical with some CDMA approaches, particularly in larger channel
bandwidths. In the same way that 3G coexists with 2G systems in integrated networks,

LTE systems coexist with both 3G and 2G systems, with devices capable of 2G, 3G, and

4G modes. Beyond radio technology, th e Evolved Packet Core (  EPC) provides a new core
architecture that is flatter and integrates with both legacy GSM -HSPA networks and other
wireless technologies, such as CDMA2000 and Wi -Fi. The combination of EPC and LTE is

referred to as the Evolved Packet System (EPS).

The cost for operators to deliver data (for example, cost per GB) is almost directly
proportional to the spectral efficiency of the technologies in use. LTE has the highest
spectral efficiency of any specified technology to date.

As competiti ve pressures in the mobile broadband market intensify, and as demand for
capacity persistently grows, LTE has become the favored 4G solution because of its high
data throughputs, low latency, and high spectral efficiency. Specifically:

¢ Wider Radio Channels . LTE can be deployed in wide radio channels (for example,
10 MHz or 20 MHz)  with carrier aggregation up to 100 MHz . This increases peak data
rates and uses spectrum more effectively.

¢ Easiest MIMO Deployment . By using new radios and antennas, LTE facilita tes MIMO
deployment, in contrast to the logistical challenges of adding antennas for MIMO to
existing legacy technologies. Furthermore, MIMO gains are maximized because all
user equipment supports it from the beginning.

¢ Best Latency Performance. For some a pplications, low latency (packet traversal
delay) is as important as high throughput. With a low transmission -time interval (TTI)
of 1 millisecond (msec) and a flat architecture (fewer nodes in the core network), LTE
has the lowest latency of any cellular technology.

LTE is available in both  Frequency Division Duplex ( FDD) and Time Division Duplex ( TDD)
modes. Many deployments will be based on FDD in paired spectrum. The TDD mode,
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however, is important for deployments in which paired spectrum is unavailabl e. Instances
of TDD deployment include China, Europe at 2.6 GHz, U.S. Broadband Radio Service
(BRS) spectrum at 2.6 GHz, and the forthcoming 3.5 GHz small -cell band.

The versions of LTE most widely deployed today (Release s 8 through 10 ) are just the first
in a series of innovations that will increase performance, efficiency, and capabilities .
Enhancements inthe 2013 to 2016 period are the ones defined in 3GPP Releases 10, 11,
and 12 and are commonly referred to as LTE -Advanced. '® Subsequent releases, sucha s
Releases 13 and 14, will continue innovating through the end of this decade.

The following list ranks the most important features of LTE -Advanced:

1. Carrier Aggregation. Already in use, operators can aggregate radio carriers in
the same band or across disparate band s to improve throughputs (under light
network load), capacity, and efficiency. Carrier aggregation can also combine FDD
and TDD, as well as licensed and unlicensed bands. As examples, in 2015, AT&T
had aggregated 700 MHz with AWS , and 700 MHz with PCS . T-Mobile had
aggregated 700 MHz with AWS , and AWS with PCS. ' By 2016, three -carrier
aggregation may occur, and eventually operators may aggregate four carriers. 20

2. Coordinated Multi Point. Expected in the 2015 -2016 timeframe, CoMP is a
process by which multiple base stations or cell sectors process a UE signal
simultaneously,  or coordinate the transmissions to a UE , improving cell -edge
performance and network efficiency. Initial usage will be on the uplink because no
changes are required to user equipment (UE) .

3. HetNet Support. Also expected in the 2015 -2016 timeframe, HetNets integrate
macro cells and small cells. A key feature is enhanced intercell i nterference
coordination (elCIC) , which enhances the ability of a macroand a small cell to use
the same spectrum. This approach is valuable  when the operator cannot dedicate
spectrum to small cells. Operators are currently evaluating elCIC , and at least one
operator has deployed it. %

4. Self -Organ izing Networks. With SON, networks can automatically configure and
optimize themselves, a capability that will be particularly important as small cells
begin to proliferate. Vendor -specific methods are common for 3G networks , and
trials are now occurring for 4G LTE standards -based approaches.
The appendix explains these features and quantifies performance gains , and Figure 10

illustrates the transition from LTE to LTE -Advanced , which includes these featur es.

8 Fromastrict standards -devel opment point of vAdwan drdfeedtotthe folowifgL T E
features: carrier aggregation, 8X8 downlink MIMO, and 4XN uplink MIMO with N the number of receive
antennas in the base station.

19 AT&T band combinations are 3GPP Band 13 + Band 4, Band 17 + Band 4, and Band 17 + Band 2. T -
Mobile ba nd combinations are Band 12 + Band 4, Band 12 + Band 2, and Band 4 + Band 2.

20 For carrier aggregation to operate, both the network and the device have to support the particular
band combination. Legacy devices typically do not support new network aggregat ion capabilities.

ZFierce Wi SKeTeleeamsteamswith Nokia Networks on elCIC , 0 January 2015.
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Figure 10:LTEtoLTE -Advanced Migration
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Table 4 summarizes the key 3GPP technologies and their characteristics.

Table 4: Characteristics of 3GPP Technologies

Tech nology Type Characteristics Typical Typical
Name Downlink Uplink Speed

Speed

Data service for UMTS networks.
HSPA* WCDMA | An enhancement to original 411, mgpz to foog I\/Tt?p:
UMTS data service. p P

22 HSPA and HSPA+ throughput rates are for a 5+5 MHz deployment.
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Tech nology Characteristics Typical Typical
Name Downlink Uplink Speed
Speed
1.9 Mbps to
8.8 Mbps
Evolution of HSPA in various in5+ 5 MHz % 1 Mbps to
stages to increase throughput 4 Mbps
HSPA+ WCDMA and capacity and to lower 3.8 Mbps to in 5+ 5 MHz or
latency. 17.6 Mbps with in 10+ 5 MHz
dual carrier in
10+5 MHz
New radio interface that can use
wide radio channels and  deliver 6.51t0 26.3 6.0to 13.0
LTE OFDMA extremely high throughput rates. Mbps in Mbps in
All communications handled in IP 10+ 10 MHz # 10+ 10 MHz
domain.
LTE- Advanced version of LTE Significant gains
OFDMA designed to meet IMT - Advanced through carrier
Advanced X .
requirements. aggregation
User achievable rates and additional details on typical rates are covered in the appendix

sect i Pata ThAroughput
technologies and their peak network performance capabilities.

.0 Figure

2H5+5

MHz o

means

5 MHz wused for

11 shows the evolution of

he downl i

nk and 5

different wireless

MH z

24 4G Americas m ember company analysis for downlink and uplink. Assumes single user with 50% load
in other sectors. AT&T and Verizon are quoting typical user rates of 5

Mbps on the uplink for their networks. See additional LTE throughput in
ALTE Throughput.

o

-12 Mbps on the downlink and 2 -5
formation in the section below,
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Figure 11 : Evolution of CDMA and OFDMA Systems

| 2013 | 2014 | 2015 | 2016 | 2017 | 2018 |
™ S
< Rel 10 HSPA+ Rel 11 HSPA+ Rel 12 HSPA+ Rel 13 HSPA+
o DL: 168 Mbps J\ DL: 336 Mbps DL: 336 Mbps —™F———— DL: 336 Mbps
% UL: 23 Mbps —V UL: 69 Mbps UL 69Mbps ————— UL: 69 Mbps
20+10 MHz 40+10 MHz 40+10 MHz 40+10 MHz
)
fel e [\ Lo S Rel 12 LTE Rel 13 LTE
w DL:12 GDDS DL:3 GDDS DL = 3 Gbps - DL == 3 Gbps
5 el o i U e 100+ 100 M1z Up to 32 carers
40+40 MHz 100+100 MHz ) P
—_
(=]
(=]
(=]
2
o
o
Throughput rates are peak theoretical network rates for that technology release.
Dates refer to expected initial commercial network deployment except 2013, which shows technologies that year.
X+Y MHz indicates X MHz used on the downlink and Y MHz used on the uplink. . . N
ysavy Researd

The development of GSM and UMTS -HSPA happens in stages corresponding to 3GPP
specification releases, with each release addressing multiple technologies. For example,
Release 8 defined dual -carrier operation for HSPA but also introduced LTE. A summary of
the different 3GPP releases is as follows: =

¢ Release 99 : Completed. First deployable version of UMTS. Enhancements to GSM
data (EDGE). Majority of deployments today are based on Release 99. Provides
support for GSM/EDGE/GPRS/WCDMA radio  -access networks.

¢ Release 4 : Completed. Multimedia messaging support. First steps toward using IP
transport in th e core network.

¢ Release 5 : Completed. HSDPA. First phase of Internet Protocol Multimedia
Subsystem (IMS). Full ability to use IP -based transport instead of just Asynchronous
Transfer Mode (ATM) in the core network.

¢ Release 6 : Completed. HSUPA. Enhanced mu Itimedia support through Multimedia
Broadcast/Multicast Services (MBMS). Performance specifications for advanced
receivers. Wireless Local Area Network (WLAN) integration option. IMS
enhancements. Initial VolP capability.

¢ Release 7 : Completed. Provides enh anced GSM data functionality with Evolved
EDGE. Specifies HSPA+, which includes higher order modulation and MIMO.
Performance enhancements, improved spectral efficiency, increased capacity, and
better resistance to interference. Continuous Packet Connectiv ity (CPC) enables
efficient-omal waysice and enhanced upl i nk UL
reductions in call set -up delay for Push -to-Talk Over Cellular (PoC). Radio
enhancements to HSPA include 64 Quadrature Amplitude Modulation (QAM) in the

% After Release 99, release versions went to a numerical designation instead of designation by year.
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downli nk and 16 QAM in the uplink. Also includes optimization of MBMS capabilities
through the multicast/broadcast, single -frequency network (MBSFN) function.

Release 8 : Completed. Comprises further HSPA Evolution features such as
simultaneous use of MIMO and 64 QAM. Includes dual -carrier HSDPA (DC -HSDPA)
wherein two downlink carriers can be combined for a doubling of throughput
performance. Specifies OFDMA  -based 3GPP LTE. Defines EPC and EPS.

Release 9 : Completed. HSPA and LTE enhancements including HSPA dual -carrier
downlink operation in combination with MIMO, Multimedia  Broadcast Multicast
Services ( MBMS), HSDPA dual -band operation, HSPA dual -carrier uplink operation,
EPC enhancements, femtocell support, support for regulatory feat ures such as
emergency user -equipment positioning and Commercial Mobile Alert S ystem (CMAS),
and evolution of IMS architecture.

Release 10 : Completed. Specifies LTE -Advanced that meets the requirements set by

I T UG s -AtlvhdhTed project. Key features include carrier aggregation, multi -antenna
enhancements such as enhanced downlink eight -branch  MIMO and uplink MIMO,
relays, enhanced LTE Self -Organizing Network capability, Evolved Multimedia
Broadcast Multicast Services (eMBMS), HetNet enhancements that include elCIC,
Local IP Packet Acc ess, and new frequency bands. For HSPA, includes quad -carrier
operation and additional MIMO options. Also includes femtocell enhancements,
optimizations for M2M communications, and local IP traffic offload.

Release 11 : Completed. For LTE, emphasis is on Co ordinated Multi  Point (CoMP),

carrier -aggregation  enhancements, devices with interference  cancellation,
development of the Enhanced Physical Downlink Control Channel (EPDCCH), and
further enhanced elCIC including devices with CRS (Cell -specific Reference S ignal)

interference cancellation . The release includes further DL and UL MIMO enhancements

for LTE. For HSPA, provides eight  -carrier on the downlink, uplink enhancements to
improve latency, dual -antenna beamforming and MIMO, CELL Forward Access
Channel (FA CH) state enhancement for smartphone -type traffic, four -branch MIMO
enhancements and transmissions for HSDPA, 64 QAM in the uplink, downlink
multipoint transmission, and noncontiguous HSDPA carrier aggregation. Wi -Fi
integration is promoted through S2a Mob ility over GPRS Tunneling Protocol (SaMOG).

An additional architectural element called Machine -Type Communications
Interworking Function (MTC  -IWF) will more flexibly support machine -to -machine
communications.

Release 12 : Completed. Enhancements include improved small cells/HetNets for LTE,
LTE multi -antenna/site technologies (including Active Antenna Systems), Dual
Connectivity, 256 QAM modulation option, further CoMP/MIMO enhancements,
enhancement s for interworking with Wi -Fi, enhancements for MTC, SON, support for
emergency and public safety, Minimization of Drive Tests (MDT), advanced receivers,
device -to-device communication (also referred to as proximity services), group
communication enablers in LTE, addition of Web Real Time Communication (WebRTC)

to IMS, energy efficiency, more flexible carrier aggregation, dynamic adaptation of
uplink -downlink ratios in TDD mode, further enhancements for HSPA  +, small
cells/HetNets, Scalable -UMTS, and FDD -TDD carrier aggregation.

Release 13 : Some of the items under consideration include radio  -access network
sharing, 32-carrier aggregation,  License Assisted Access (LAA), LTE Wi-Fi Aggregation
(LWA), isolated operation for public safety, application -specific congestion
management, user -plane congestion management, enh ancement to WebRTC
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interoperability, architecture enhancement for dedicated core networks, enhancement

to proximity -based services, mission -critical push -to-talk, group communications,
CoMP enhancements, small cell enhancements, machine -type communications
enhancements, VOLTE enhancements, SON enhancements, shared network
enhancements, and enhanced circuit -switched fallback.

3GPP has not yet determined which release of specifications may include 5G
specifications. The tentative 3GPP timeline for 5G  states, il n parti cul ar no
are made concerning: The number and exact timing of 3GPP Releases encompassing the
| MT2020 submission schedule; When & in which rel

specs and what will be®the target content.od

26 3 GP P ,Tentdtive 3GPP timeline for 5G , 0 http://www.3gpp.org/news -events/3gpp -news/1674 -
timeline_5g _, viewed May 22, 2015.
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Suppoagt i Technol ogi es and Ar

Network architects design networks using a deep and wide toolkit , including multiples types
of cell sizes, integration with unlicensed spectrum , Smart antennas, converged services , and
virtualization

Types of Cells

Operat ors have many choices for providing coverage. Lower frequencies propagate

further and thus require fewer cells for coverage. The resulting network , however, has
lower capacity than one with more cells, so operators have to continually evaluate cell

placement with respect to both coverage and capacity.

Table 5 lists the available choices. Note that the distinctions, such as radius, are not
absolute 6 per haps one reason t he term fismal | cell o
encompasses pic ocells, metrocells, femtocells, and sometimes Wi -Fi.

Wi th nfgd-pgayo capability -drganizingard self r -@nganizire | features,
small cells will increasingly be deployed in an ad hoc manner, anywhere power and
backhaul are available, yet wi Il operate in tight coordination with the rest of the network.

A proliferation of small cells inside buildings will also provide coverage from inside to
outside, such as in city streets, the reverse of traditional coverage that extends from
outdoor cellst o inside.

Extremely dense outdoor deployments could reach 1,000 cells per square kilometer.
Table 5: Types of Cells and Typical Characteristics (Not Formally Defined)
Type of Cell ‘ Characteristics ‘

Macro cell Wide -area coverage. LTE  supports cells up to 100 km in
range, but typical distances are .5 to 5 km radius. Always
installed outdoors.

Microcell Covers a smaller area, such as a hotel or mall. Range to 2
km, 5 -10W, and 256 -512 users. Usually installed outdoors.

Picocell Indoor o r outdoor . Qutdoor cells a
Typical range 15 to 200 meters outdoors and 10 to 25

meters indoors, 1  -2W, 64 -128 users. Deployed by operators
primarily to expand capacity.

Consumer Femtocell Indoors. Range to 10 meters, less than 50 mW ,and 4 to 6
users. Capacity and coverage benefit. Usually deployed by
end users using their own backhaul.

Enterprise Femtocell Indoors. Range to 25 meters, 100 -250 mW, 16 -32 users.
Capacity and coverage benefit. Deployed by operators.

Distributed antenn  a Expands indoor or outdoor coverage. Same hardware can
system. support multiple operators (neutral host) since antenna can
support broad frequency range and multiple technologies.
Indoor deployments are typically in larger spaces such as
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Type of Cell ‘ Characteristics ‘

airports. Has als o been deployed outdoors for coverage and
capacity expansion.

Remote radio head (RRH) Uses baseband at existing macro site or centralized
baseband equipment. If centralized, the system is called
ficloud RAN. 0 Requires fiber connect |

Wi-Fi Primarily p rovides capacity expansion. Neutral -host
capability allows multiple operators to share infrastructure.

A SuperFiVi Name used by some people for white -space technology. Not
true Wi -Fi. Better suited for fixed wireless than mobile
wireless.

Smalls Cells and Heterogeneous Networks

Historically, increasing the number of cell sites has been the primary method for
increasing capacity, providing gains far greater than what can be achieved by
improvements in spectral efficiency alone. The next wave of densification is by using
what the industry calls fismall cells. o

Central to small -cell support is the heterogeneous network architecture, with multiple
types of cells serving a coverage area, varying in frequencies used, radius, and even
radio technol ogy used.

HetNets offer significant increases in capacity and improvements, including:

¢ Smaller cells, such as open femtocells (home -area coverage) and picocells (city -
block -area coverage), inherently increase capacity because each cell serves a
smaller nu mber of users.

¢ Strategic placement of picocells within the macro cell provides the means to
absorb traffic in areas where there are higher concentrations of users. Locations
can include businesses, airports, stadiums, convention centers, hotels, hospitals ,
shopping malls, high  -rise residential complexes, and college campuses.

¢ Smaller cells can also improve signal quality in areas where the signal from the
macro cell is weak.

Essential elements for practical HetNet deployment are self -optimization and self -
configuration, especially as the industry transitions from hundreds of thousands of cells

to millions. The appendix covers technical aspects of HetNets in the sections,

AfHet erogeneous Networ ks and-Oganizingl NEewd skbs aind fASel

While promis ing in the long term, one immediate challenge in deploying a large number

of small cells is backhaul, since access to fiber is not necessarily available and line -of -
sight microwave links are not always feasible. Site acquisition and the need for multiple
operators to deploy their own cells in a coverage area are additional challenges. Figure

12 depicts some potential difficulties.
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Figure 12 :Small -Cell Challenges
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Despite the challenges, small cells will ultimately contribute greatly to increased network

capacity. But how will small cells evolve, and what configuration will be most common?

That is not yet clear because small -cell architectures are not yet mature. To dayods -smal
cell deployments are still in early stages. Expanding capacity with additional spectrum

remains a safer and more immediate solution, explaining why operators are deploying

LTE in AWS bands to augment 700 MHz LTE services.

Table 6 lists possible configurations. Note that many of these approaches can be
combined, such as using picos and Wi - Fi offload.

Table 6:Smal I-Cell Approaches

Small -Cell Approach Characteristics
Macro plus small cells in Significant standards support. Femtocells or picocells can use
select areas. same radio carriers as macro (less total spectrum needed) or
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Small -Cell Approach Characteristics

can use different radio carriers (gre ater total capacity).
Macro in licensed band Being considered for 3GPP Release 13 and available for
plus LTE operation in deployment 2017 or 2018. Promising approach for
unlicensed bands . augmenting LTE capacity in scenarios where operator is

deploying LT E small cells. ¥’

Macro (or small -cell) Extensively used today with increased use anticipated.

cellular in licensed band Particularly attractive for expanding capacity in coverage

plus Wi -Fi. areas where Wi -Fi infrastructure exists but small cells with
LTE do not.

LTE Wi-Fi Aggregation (being specified in Release 13) is
another approach, as is Multipath TCP.

Wi-Fionly . Low-cost approach for high -capacity mobile broadband
coverage, but impossible to provide large -area continuous
coverage without cellular co mponent.

Despite the challenges in rolling out small cells in large numbers, eventually, millions of
cells will augment capacity. Contributing factors will includ e radio -technology advances
such as interference coordination, self - organization, equipment mini aturization, improved
backhaul options, use of unlicensed spectrum, and additional spectrum such as at 3.5

GHz. Figure 13 shows a global forecast through 2019.

”See Rysavy R#&vil &EErircUnlicensed Spectrum Unlock a Vast Store of Mobile Broadband
Capacity? 0 MIMO World , June 2014. Available at http://www.mimoworld.com/?p=2377
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Figure 13 : Global Small Cell Forecast 2
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ACG Research reports that the worldwide ~ small - cell market grew by 17.5% over the past
year and predicts it will grow five -fold by 2019. *°

Internet of Things and Machine-to-Machine

Machine -to-machine communications, increasingly referred to as the Internet of Th ings,
is a vast opportunity for wireless communications, with all 3GPP technologies potentially
playing role s.

The lowest -cost devices enabling M2M communications today are GPRS modems, which
may become obsolete as operators sunset their GSM systems. HSPA is also used for M2M
communications, as is LTE, which has been optimized to efficiently communicate small

bursts of information, making it particularly well suited for M2M.

Low-cost LTE modem options in 3GPP releases 10 through 13 reduce cost, improve
communi cations range, and extend batt er ynterhet df e . Se
Things and Machine -to-Machined f or det ai l s.

2 Mobile Experts on behalf of the Small Cell Forum, Small Cells Deployment Market Status Report ,
June 2015.

Z®ACG Resear cWorldlide $mall Gell Market to Grow Five -fold by2019 , & June 8, 2015.
Available at http://acgresearch.blogspot.com/2015/06/worldwide -small -cell-market -to -grow.html .

Viewed June 10, 2015.
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Developers will use 3GPP wireless technologies for a large number of 10T applications. In

other instances , developers will use  local -area technologies , such as Wi -Fi, Bluetooth Low
Energy, and ZigBee. New wide -area wireless technologies emerging specifically to
support 1oT include LoRa, Sigfox, OnRamp Wireless, and Weightless. The low -power
operation of some of these technologies, including LTE, will permit battery operation over

multiple years.

Table 7 summarizes the various technologies.

Table 7: Wireless Networks for loT

Technolo gy

Coverage

Characteristics

Standardization/

Specifications

GSM/GPRS Wide area. Lowest -cost cellular modems, 3GPP
Huge global risk of network sunsets. Low
coverage. throughput.
HSPA Wide area. Low -cost cellular modems. 3GPP
Huge global Higher power, h igh throughput.
coverage.
LTE Wide area. Wide area, expanding coverage, 3GPP
Increasing cost/power reductions in
global successive 3GPP releases. Low
coverage. to high throughput options.
Wi-Fi Local area . High throughput, high  er power. IEEE
ZigBee Local area . Low throughput, low power. IEEE
Bluetooth Personal Low throughput, low power. Bluetooth Special
Low Energy area. Interest Group
LoRa Wide area. Low throughput, low power. LoRa Alliance
Emerging Unlicensed bands (sub 1 GHz ,
deployments. such as 900 MHz in the U.S.)
Sigfox Wide area. Low throughput , low power. Sigfox
Emerging Unlicensed bands (sub 1 GHz
deployments. such as 900 MHz in the U.S.)
OnRamp Wide area. Low throughput, low power. OnRamp Wireless
Wireless Emerging Using 2.4 GHz ISM band. (founding member of
deployments. IEEE 802.15.4k)
Weightless Wide area. Low throughput , low power. Weightless Special
Expected Unlicensed bands (sub 1 GHz Interest Grou p
deployments. such as TV White Space and 900
MHz in the U.S.)
Cloud -based support platforms and standardized interfaces will also facilitate

development and deployment of loT applications. For exa

mple, the GSM Association
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(GSMA) is developing the OneM2M Service Layer that can be embedded in hardware and
software to simplify communications with application servers. %

Unlicensed Spectrum Integration

Unlicensed spectrum is becoming ever more important to mobile broadband networks.
Initial use was rudimentary offload onto Wi -Fi networks, but now, Wi  -Fi networks are
be coming more tightly integrated into cellular networks. Efforts are also underway to use

LTE in unlicensed spectrum

Unlicensed spectrum adds to capacity in two ways. First, a large amount of spectrum

(approximately 500 MHz) is available across the 2.4 GHz and 5 GHz bands, with the 3.5
GHz band adding further spectrum in the future. Second, unlicensed spectrum  is mostly
used in small coverage areas, resulting in high -frequency reuse and much higher
throughput rates per square meter of coverage versus typica | cellular deployments.

The IEEE 802.11 family of technologies has experienced rapid growth, mainly in private
deployments. The latest 802.11 standard, 802.11ac, offers peak theoretical throughputs

in excess of 1 Ghps and improved range through use of higher -order MIMO. Recently
introduced 802.11ac Wave 2 products include a multi -user MIMO capability that further
increases capacity and throughput.

Complementary 802.11 standards increase the attraction of the technology: 802.11e for
QoS enables VolP and multimedia; 802.11i provides robust security; 802.11r delivers
fast roaming, necessary for voice handover across access points; and 802.11u enables
better hotspot operation.

Leveraging this success, operators 0 including cellular operators 0 are offering hotspot

service in public areas including airports, fast -food restaurants, shopping malls, and
hotels.

Integration between mobile broadband and Wi -Fi networks can be either loose or tight.
Loose integration means data traffic routes directly to the Internet and minimizes
traversal of the operator networ k. This is cal
data traffic, or select portions, may traver se the operator core network. Wi-Fi calling

using IMS , for example, relies on tight integration.

Although offloading onto Wi -Fi can reduce traffic on the core network, the Wi -Fi network
does not necessarily always have greater spare capacity than the cellu lar network. The
goal of future integrated cellular/Wi -Fi networks is to intelligently load balance between

the two. Simultaneous cellular/Wi  -Fi connections will also become possible. For example,

in Release 13, 3GPP is introducing link aggregation of Wi -Fi and LTE.

Successfully offloading data and providing users a good experience mandates measures

such as automatically provisioning subscriber devices with the necessary Wi -Fi
configuration options and automatically authenticating subscribers on supported p ublic
Wi-Fi networks. Many stakeholders are working toward tighter integration between Wi -Fi
and cel lul ar net wor k $nliceBsedeSpectium  $nteegrdtionod iin t he
for technical details on 3GPP and other industry sta ndards and initiatives.

%0 OneM2M home pag e: http://onem2m.org/
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One industry initiative gaining momentum is Hotspot 2.0, also called Next Generation
Hotspot. Using the IEEE 802.11u standard that allows devices to determine what services

are available from an access point, Hotspot 2.0 simplifies the process by which users
connect to hotspots, automatically identifying roaming partnerships and simplifying
authentication and connections, as shown in Figure 14.% It also provides for encrypted
communications over the radio link. % Devices and networks based on Release 1 of
Hotspot 2.0 are available

Figure 14 : Roaming Using Hotspot 2.0
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Another approach for using unlicensed spectrum employs LTE as the radio technology ,
initially in a version referred to as LTE-Unlicensed (LTE -U), which will work with Releases
10-12 of LTE. In Release 13, 3GPP is specifying L  icense -Assisted Access (LAA) , which
implements listen -before -talk capability, a requirement for unlicensed operation in
Europe and Japan. Initially , car rier aggregation combines a licensed carrier with an
unlicensed 20 MHz carrier in the 5 GHz band as a supplemental channel. Operating LTE in
unlicensed bands could decrease the need for handoffs to Wi -Fi. LTE uses spectrum
efficiently under heavy load thanks to its more centralized over -the-air scheduling

algorithms.
A concern with using LTE in unlicensed bands is whether it will be a fair neighbor to Wi-Fi
users. Release 10 -12 LTE-U addresses this concern by methods such as selecting clear

channels to use and measuring the channel activity of Wi -Fi users, then using a duty

31 For example, user devices can be authenticated based on their SIM credentials. Or, users can
register or click through an agreement and then not need to redo that with future associations

%2 The IEEE 802.11i standard has provided encryption for 802.11 communications for many years;
however, most hotspots have not implemented this encryption, whereas Hotspot 2.0 does.
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cycle low enough to allow Wi -F i users to access the chahthicerse- dur i
Assisted Access in Release 13 is expected to add listen -before -talk (LBT) and also
implement other regulatory requirements that exist in some countries. 3GPP conducted a
study and c¢onc |Amd@ity of sduraes providing evaluation results showed at
least one LBT scheme for LAA that does not impact Wi -Fi more than another Wi  -Fi
network. 6%
An alternative approach for integrating Wi -Fiis called LTE Wi-Fi Aggregation (LWA) .LTE
handles the control plane, but connections occur over separate LTE base stations and Wi -
Fi access points. Devices need only a software upgrade.
Table 8 summarizes the different uses of unlicensed spectrum for public mobile -
broadband networks.
Table 8: Approaches for Using Unlicensed Spectrum.
Technology Attributes
Wi -Fi Ever-more -sophisticated Significantly enhances capacity.
means to integrate Wi -Fi in
successive 3GPP Releases.
Release 10 -12LTE -U Approach for operating LTE Available in 2016. More
in unlicensed spectrum. seamless than Wi -Fi. Cannot be
used in some regions (e.g.,
Europe, Japan).
Release 13 Licensed - Stan dards -based approach Available in 2018 timeframe
Assisted Access for operating LTE in Designed to be good Wi -Fi
unlicensed spectrum. neighbor and to address global
regulatory requirements.
LTE Wi -Fi Aggregation of LTE and W i- Part of Release 13. A vailable in
Aggregation (LWA) Fi connections 2018 timeframe.
Ref er to the appendi x section AUnlicensed Spectry
details.

Smart Antennas and MIMO

Smart antennas, defined with progressively greater capabilities in su ccessive 3GPP
releases, provide significant gains in throughput and capacity. By employing multiple
antennas at the base station and the subscriber unit, the technology either exploits
signals traveling through multiple paths in the environment or does beam -steering , in
which multiple antennas coordinate their transmission s to focus radio energy in a
particular direction.

33 3GPP, Technical Specification Group Radio Access Network; Study on Licensed -Assisted Access to
Unlicensed Spectrum; (Release 13). 36.889. See section 9, AConclusions. 0
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Initial low-band LTE deployments used 2X2 MIMO on the downlink ( two base
transmit antennas, two mobile receive antennas) and 1X2 on the uplink ( one
transmit antenna, two base station receive antennas). In the higher bands, 2X2 downlink
MIMO has been deployed , but it is more common to employ four antennas for

station
mobile

uplink

receptionina 1X4 configuration . Some LTE deployments ar e now using 4X2 MIMO on the

downlink ( four base station transmit antennas). LTE specifications encompass higher -
order configurations, such as 4X4 MIMO, 8X2 MIMO, and MU -MIMO on the downlink and
1X4 on the uplink. Practical considerations, such as antenna s izes that are proportional to

wavelength, dictate MIMO options for different bands.

Engineers are now experimenting with what are called massive MIMO systems, which

employ a far larger number of antenna elements at the base station 0 64, 128, and
eventually even more. Use in 5G of cmWave and mmWave bands, with their short

wavelengths, will facilitate massive MIMO, but even before then, 3GPP is studying

massive MIMO for 4G systems in what it calls full -dimension MIMO (FD -MIMO). Two-
dimensional antenna arrays may use up to 64 antennas. At 2.5 GHz, an 8X8 array using
half wavelength spacing would produce a form factor of 50 cm X 50 cm. Application s of

such arrays include beamforming along a ho rizontal direction as well as beamforming in a

vertical direction, suc  h as to serve different levels of high -rise buildings.

See the appendix section ALTE Smart Antenn

Virtualization

Virtualization refers to implementing the functions of infrastructure nodes in software on

commercial A o-thk-s h e |conputing equipment. The approach promises lower

aso

capital

expenditures, lower operating costs, faster deployment of new services , energy savings,
and improved network efficiency . With NFV, multiple tenants will be able to share the

same infrastructure, faci litating, for example, mobile virtual network operator (

MVNO)

arrangements. NFV, however, also constitutes an entirely new way of building and

manag ing networks, so widespread adoption will occur over a long period.

Both the core network and the radio -access network can be virtualized . The core

network, consisting of fewer nodes, is an easier starting point. Virtualizing the RAN,
although more complex, could eventually provide the greatest network efficiency gains,

particularly for small -cell deployments where it can facilitate coordination among cells
and use of methods such as CoMP and interference coordination . As operators virtualize
their core networks, they put in place the systems and know -how to extend virtualization

to the RAN.

The European Teleco mmunications Standards Institute (ETSI) is standardizing a
framework, including interfaces and reference architectures for virtualization. Other
standards and industry groups involved include 3GPP, The Open Network Foundation,

OpenStack, Open Daylight, and OPNFV. 3GPP specifications do not currently incorporate

NFV. %
34 For an example of an NFV deployment, see AT&T, AT&T Domain 2.0 Vision White Paper , November
2013.
35 3 G P P Netwirk Functions Virtualisation , ittp://www.3gpp.org/technologies/keywords -

acronyms/1584 -nfv, accessed June 24, 2015.
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Figure 15 shows the ETSI framework, in which virtua lized network functions are the
nodes or applications by which operators build services.

Figure 15:ETSINFV High -Level Framework
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Some specific use cases for NFV include:

¢

IMS and VoLTE. IMS is necessary for VOLTE, but an NFV approach could reduce
the complexity associated with the multiple nodes and interfaces in the IMS
architecture

Virtualized EPC (VEPC). The Evolved Packet Core, consisting of the Serving
Gateway (SGW), the Packet Gateway (PGW), and Mobile Management Entity
(MME) , can be virtualized, but doing so will require meeting operator bandwidth,
latency, and control  -plane service requir ements.

New VEPC Services. With a virtualized EPC, an operator can more easily create
MVNO services, each with its own virtualized MME, SGW, and PGW. An M2M
virtualized service is another example of offering a more finely tuned service for
the target appli cation. Because the PGW connects to external networks, further
opportunities exist for virtualized services to augment networking functions,

including video caching, video optimization, parental controls, ad insertion, and

firewalls.

Cloud RAN. Pooling of baseband processing in a cloud RAN can, but does not

necessarily , use virtualization techniques. Separating the radio function from
baseband processing typical ly requires transporting digitized radio signals acro SS
high -bandwidth (multi -Gbps) fiber connections, sometimes referred to as front -
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hauling. Refer to the appendix section fiCloud Radio -Access Network (RAN) and
Network Virtualization 0 for a more detailed technical discussion. 36

All of these use cases will take years to matu re given the complexity of the systems and

their stringent performance requirements. Because of higher investment demands , RAN
virtualization will probably emerge over a longer timeframe than core network
virtualization, and likely will occur selectively f or small -cell deployments.

For additional details, refer to the 4G Americas white paper, Bringing Network Function
Virtualization to LTE.%’

Fixed Mobile Convergence and IMS

Not only do 3GPP technologies provide continual improvements in capacity and data

performance, they also expand available services, either through operator -provided
services, such as IP -based voice or video calling, or via interfaces that enable third - party
services, such as WebRTC. This section provides an overview of these topics, and t he

appendix goes into greater detail.

Fixed Mobile Convergence (FMC) refers to the integration of fixed services (such as
telephony provided by wireline or Wi -Fi) with mobile cellular -based services. For users,
FMC simplifies how these services communicate , making it possible for them to use one
device at work, where it connects with a Wi -Fi or macrocellular network, and at home,
where it might connect with a Wi -Fi network or femtocell. Users can also benefit from
single voice mailboxes and single phone num bers and gain greater control over how and
with whom they communicate.

For operators, FMC allows for consolidation of core services across multiple -access
networks. For instance, an operator can offer complete VoIP -based services that operate
over Digital Subscriber Line (DSL), Wi  -Fi, or mobile broadband. FMC can also offload
data -intensive applications , such as video streaming , from the macro network.

IMS is the most important  convergence technology, offering access to core services and
applications acros s multiple -access networks. IMS allows for creative blending of different
types of communications and information, including voice, video, instant messaging (IM),
presence information, location, and documents. Developers can create applications never
befor e possible, and users can communicate in entirely new and dynamic ways. For
example, during an interactive text -based chat session, a user could launch a voice call.
Or during a voice call, a user could suddenly add a simultaneous video connection, or
start transferring files. While browsing the Web, a user could decide to speak to a
customer -service representative.

IMS will be a key platform for all -1P architectures for both HSPA and LTE. Although IMS
adoption by cellular operators was initially slow, dep loyment is accelerating as operators
make packet voice service available for LTE.

% For further details of NFV use cases, refer to ETSI, ETSI GS NFV 001 v.1.1.1 (2013  -10), Network
Functions Virtualisation (NFV); Use Cases

57 Available at http://www.4gamericas.org/files/1014/16 53/1309/4G_Americas___ - NFV_to LTE_ -
November_2014 - FINAL.pdf .
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Multicast and Broadcast

Another important new service is video streaming via multicast or broadcast functions.

3GPP has defined multicast/broadcast capabilities for both HSPA and LTE. Although
Mobile TV services have experienced little business success so far, broadcasting uses the

radio resource much more efficiently than having separate point -to-point streams for
each user. For example, users at a sporting event might enjoy watching replays on their

smartphones. The technology supports these applications; it is a matter of operators and
content providers finding appealing applications. The appendix covers technical aspects in
more detail.
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Voice is evolving from a separate circuit -switched service in 2G and 3G networks to a packet -
switched -service in 4G LTE networks that can integrate with other services and applications,

including messaging, video calling, Web applications, and other mobile applications. The

elements that make these capabilities possible include the quality -of-service mechanisms in
LTE, the IMS platform discussed abov e, implementation of Rich Communications Suite,

compliance with GSMA  IR.92 guidelines, and optional support for WebRTC.

Voice Support and VoLTE

While 2G and 3G technologies were deployed from the beginning with both voice and
data capabilities, LTE network s can be deployed with or without voice support. Moreover,

there are two methods available: circuit -switched fallback (CSFB) to 2G/3G and VolP.

Most operators deploying LTE are using CSFB initially and migrating to VolP methods with

Voice over LTE (VOLTE) that uses IMS. Initial VOLTE deployments occurred in 2012.
Because VOLTE needs new software in phones, the transition from circuit -switched voice

to VOLTE on a large scale will occur over a number of years as users upgrade their
devices .

For the time being , 3GPP operators with UMTS/HSPA networks will continue to use

circuit -switched voice for their 3G connections, although packet voice over HSPA
(VOHSPA) methods have been defined. 8

Using VOLTE, operators are planning high -definition (HD) voice using the new Adaptive

Multi - Rate Wideband (AMR -WB) voice codec. HD voice not only improves voice clarity and

intelligibility, it ~ also suppresses background noise. AMR-WB extends audio  bandwidth to

50-7000 Hz compared with the narrowband codec that provides audio bandw idth
3700 Hz. HD voice will initially function only between callers on the same network.

is also developing a new voice codec , called Enhanced Voice Services (EVS) , which
the successor to AMR and AMR  -WB codecs.

Ot her advant ag pasketiaedd volcel ikcfude being able to combine it with other

of 80 -
3GPP
will be

services, such as video calling and presence; half the call setup time of a 3G connection ;

and high voice spectral efficiency. Some operators, such as in Canada, are deploying only
LTE networks, making voice support essential. With VOoOLTE®S HD
delay, and higher capacity, operators can compete against OTT VolIP providers.

Voi ce
Due to

traffic prioritization , VOLTE voice quality remains high even under heavy loads that cause

OTT voice s ervice to deteriorate.

Applications based on WebRTC will also increasingly carry voice sessions. See the
AiVoLd@anBERCSO i n appéendx for more detail s on LTE voice support.

38 For further details, see 4G Americas, Delivering Voice Using HSPA , February 2012.
Available at
http://www.4gamericas.org/documents/4G%20Americas%20VoHSPA%20paper_final%202%2022%20

section

12.pdf .
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Rich Communications Suite

An initiative called Rich Communications Suite (RCS), supported by many operators and

vendors, builds on IMS technology to provide a consistent feature set as well as
implementation guidelines, use cases, and reference implementations. RCS uses existing
standards and specifications from 3GPP, Open Mobile Alliance ( OMA), and GSMA and
enables interoperability of supported features across operators that support the suite.

RCS supports both circuit  -switched and packet -switched voice and can interoperate with
LTE packet voice.

Core features include:

¢ A user capability exchange or service discovery with which users can know the
capabilities of other users.

¢ Enhanced (IP -based) messaging (supporting text, IM, and multimedia) with chat
and messaging history.

¢ Enriched calls that include multimedia content (such as photo or video sharing)
during voice calls. This could become the primary way operators offer video
calling.

The primary drivers for RCS adoption are the ability to deploy VOLTE in a well -defined
manner and to  support messaging in the IP domain. RCS addresses the market trend of
users moving away from traditional text -based messaging and provides a platform for
operator -based services that compete with OTT messaging applications. Figure 16 shows
the evolution of RCS capability, including the addition of such features as messaging
across multiple devices, video calling, video sharing, and synchronized  contact
information across multiple devices
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Figure 16 :Evolution  of RCS Capability. %
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WebRTC

WebRTC is an open project supported by Google, Mozilla, and Opera within the Internet

Engineering Taskforce (IETF) that enables real -time communications in Web browsers via
JavaScript APIs. 3GPP Release 12 specifications defin e how WebRTC clients can access

IMS services, including packet voice and video communication. WebRTC operating over
IMS gains the additional benefit of seamless transition across transport networks, for
example, LTE to Wi -Fi.

Operators can integrate WebRTC with RTC, facilitating development of vertical
applications such as telemedicine and customer service . WebRTC and RCS are more
complementary than competitive. Both, through application interfaces, can provide

access to underlying network functions.

Wi-Fi Calling

Another advantage of the VOLTE/IMS/RCS architecture is that it is agnostic to the user

connection, meaning voice and video service can extend to Wi -Fi connections as easily as

39 4G Americas.
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LTE connections. Wi -Fi calling can be advantageous in coverage areas wer e the Wi -Fi
signal has better quality than an LTE signal. For video calling, use of Wi-Fi will also
reduce data consumption over the cellular connection. By implementing a standards -
based approach, as opposed to OTT  -voice approaches, called parties see the same phone
number regardless of network and can reach the subscriber using that phone number.

Previous technical approaches , such as G eneric Access Network (GAN , initially called
Unli censed Mobile Access [UMA]), did not include as robust a handover mechanism as is
provided by VoLTE/IMS.

For the best -quality voice in a Wi-Fi network, the device and Wi -Fi network should
imple ment Wi -Fi Multimedia (WMM) , which gives voice packets higher priority than other
data traffic . WMM is espe cially necessary in congested networks. In addition, the Access
Network Discovery and Selection Function (ANDSF) and cellular -WLAN enhancement

features in 3GPP Release 12 introduce policies for enabling voice handover between LTE

and Wi -Fi.

Roaming with Wi -Fi calling will need to address whet her the visited ne
infrastructure handles the Wi -Fi cal l or whether the home network
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Publ i ¢ Safety

An important LTE application is for public safety, initially as a broadband data service and

even tually for mission -critical voice service . Current public safety networks use technologies ,
such as Terrestrial Trunked Radio (  TETRA) in Europe and Project P25 in the United S tates,
that provide mission -critical voice but only narrowband data.

In the U nite d States , the government has made 20 MHz of spectrum available at 700 MHz in

band 14 and created the First R esponder Network Authority (FirstNet ), an independent
authority within ~ the National Telecommunications and Information Administration (NTIA) to
provide a nationwide public  -safety broadband network. Another country driving the use of

LTE for public safety is the United Kingdom , where the UK Home Office has a program for the
Emergency Service Network

Using LTE for public safety is a complex und ertaking because public  -safety needs differ from
those of consumer s. Addressing these needs requires both differen t features, which 3GPP is
incorporating in multiple releases of LTE specifications, and different network deployment
approaches. Public safety  also has different device -level needs than consumers.

LTE Features for Public Safety

Some broadband applications for public safety can use standard LTE capability. For
example, sending email, accessing a database , Or streaming a video may not require any
special features. Other applications, however, require new capabilities from 3GPP

standards, including:
Group Communication

Available in Release 12, the Group Communication Service (GCS) application server,
using one -to-one (unicast) and one -to-many commun ications (broadcast) , will be able to
send voice, video, or data traffic to multiple public -safety devices. The broa dcast mode
will use eMBMS to use radio resource s efficiently, but if coverage is weak, a unicast
approach may deliver data more reliably. Th e system will be able to dynamically switch
between broadcast and unicast modes.

A Release 13 study item is investigating single -cell point -to - multipoint transmission that
would use radio resources more efficiently than with eMBMS.

Prox imity -Based Services (Device -to -Device)

With proximity -based services, defined in Release 12, user devices will be able to
commu nicate directly, a  capability that will benefit both consumers and public safety.
Consumer devices can find other devices only with assistance from  the network, but for
public safety, devices will be able to communicate directly with other devices
independently of the network.

In Release 13, devices will be able to act as relays for out -of -coverage devices, such as
inside a building.

The appendix sect i o nProXimity Services (Device -to-Device) 0 di scusses this
greater detail.
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Mission -Critical Push -to -Talk

MCPTT, being defined in Release 13, will provide one-to-one and one -to-many push -to-
talk communications services. Wit h this feature, available in the 2018 timeframe, public -
safety organizations will be able to consider retiring legacy voice -based systems.

Prioritization

To prevent interference with  public -safety operation s in emergency situations
experiencing high load, the network can prioritize at multiple levels. First, the network

can bar consumer devices from attempting to access the network , thus reducing  signaling
load. Second, the network can prioritize radio resources, giving public -safety users higher

priority.  Third, using a new capability called Multimedia Priority Service (MPS), the
network can prioritize a connection between an emergency worker and a regular
subscriber. Finally, the network can assign specific quality -of -service (QoS) parameters
to specific t raffic flows , including guaranteed bit rate . 3GPP has defined specific QoS
quality -class identifiers for public safety.

High power
Release 11 defines higher -power devices for the public safety band that can operate at
1.25 Watts, improving coverage and reducing network deployment costs.

Isolated operation

In Release 13, 3GPP is expected to specify how a base station can continue offering
service even with the loss of backhaul, a capability that will benefit disaster situations.

Relays

Figure 17 summarizes the more than eighteen features in 3GPP relays that apply to
public safety.

Figure 17 : Summary of 3GPP LTE Features to Support Public Safety 40

40 Nokia, LTE networks for public safety services , 2014. Available at
http://networks.nokia.com/sites/default/files/document/nokia_Ite_for_public_safety white paper.pdf
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