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Executive Summary 

The 5th Generation (5G) of cellular technology is the most significant and pivotal 
of this decade. It can deliver high capacity and greater connectivity that will 
support new services and add new capabilities. 5G will impact every aspect 
of our lives, like connectivity, knowledge sharing, safety, and entertainment. 
5G enables many use cases like autonomous cars, integrated smart cities, 
augmented reality, new methods of social interaction, in the field of medicine 
and enhanced fixed wireless connectivity.

The COVID-19 pandemic has proven to be a turning point for technological 
advancements and realizing the need for home-based services. It especially 
emphasized the importance of reliable, high-speed broadband connections 
to support working from home, staying connected and remote learning. The 
demand exponentially increased to support home broadband that is strong, 
reliable, flexible, and secure. Advances in radio technology, improvements in 
available spectrum assets, and increasing demand for broadband everywhere 
indicate a strong market opportunity for 5G Fixed Wireless Access (FWA) 
offerings. 

The global demand for residential broadband is projected to remain high even 
after the COVID-19 pandemic recovery. 5G FWA will be the fastest-growing 
residential broadband segment, increasing at a CAGR of 71% to exceed 58 
million subscribers in 2026. Amid the pandemic, the worldwide residential 
broadband market reached a subscriber base of over 1.1 billion in 2020, 
growing 4% over the previous year [1].

FWA is a more cost-effective and efficient alternative for providing broadband 
in areas with limited access to fixed broadband services like Digital Subscriber 
Line (DSL), cable or fiber. With the evolution towards 5G, FWA solutions are 
expected to achieve massive scale, with 10 to 100 times more capacity than 4G 
networks. 5G FWA eliminates the need for costly deployment of deep-fiber fixed 
access infrastructure while also offering peak rates that few fixed technologies 
can match. By delivering broadband over newly available 5G networks, operators 
now have the business opportunity to bridge the digital divide and offer 
connectivity to a broader population and reach the underserved areas.
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1. Introduction

1.1 Fixed Wireless Access Background
As the World Wide Web (WWW) expanded beyond the military and academic 
space, the need for a data connection to homes began to develop. Initial 
connectivity began with modems operating at 14.4, 28.8 and 56.6 kbps over 
the Plain Old Telephone Network (POTS) providing dial up access to the internet 
through providers such as America Online (AOL). 

For business customers, Integrated Services Digital Network (ISDN) became 
an “always-on” alternative to a traditional dial up connection, providing 64 and 
128 kbps service. Frame Relay as well as dedicated T1s, while an expensive 
solution, because more commonplace as demand expanded with emails and 
attachments as well as network servers becoming everyday tools. 

As demand grew in the domestic sector and the “always-on” broadband 
(marketing term for high-speed access, typically > 1.5 Mbps) service was 
required, the expansion of throughput requirements gave rise to other 
technologies such as xDSL which expanded the download speeds beyond 1 
Mbps speeds. 

Ultimately, alternative wireless access methods were sought including Point 
to Point Wi-Fi (extending reach), satellite access, and the development of 
alternative technologies such as WiMAX (Worldwide Interoperability for 
Microwave Access) based on the IEEE 802.16 standards. Initially, the frequency 
design was for 10-66 GHz spectrum range. However, this was further developed 
with minimum frequency being reduced to 2 GHz and OFDM and MIMO being 
introduced to enhance the capabilities. 

As the LTE standards were developed, the technology performance overtook 
the WiMAX and other standards. LTE-TDD became a valid technology for FWA 
to expand its reach–both in the USA (3GPP Band 43 overlaps with 3650-3700 
MHz) and other markets, such as Australia, that launched an LTE-TDD FWA 
network in Band 43 (also 3.5 GHz).

In the USA, the FCC developed several initiatives that expanded the potential 
growth of FWA. These included the CAFII (Connected America Fund 2) as well 
as the development of the Citizens Broadband Radio Service (CBRS) shared 
spectrum (47 CFR Part 96). The CAFII funding allowed deployment of broadband 
services to rural areas (10 Mbps DL / 1 Mbps UL) while CBRS provided sufficient 
shared spectrum to provide these services. 

In 5G NR, improvements in transmission (Subcarrier Spacing, Channel 
Bandwidth) in a FWA environment will allow the further growth of FWA 
deployments in rural areas, providing higher bandwidth more efficiently than 
fiber.

Global demand for broadband connections has been strong for several years. 
The broadband market can be divided into fixed and mobile. From a global 
subscription perspective, the mobile broadband market is substantially larger 
than the fixed broadband market: approximately 6 billion mobile broadband 
versus 1.18 billion fixed broadband subscriptions as of November 2020 [2]. 
Globally, the fixed broadband market is still growing. According to the ITU 
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(2019), fixed broadband subscriptions 
have increased by 8% annually over 
the past five years. Furthermore, this 
growth is expected to slow down as 
existing technologies struggle to reach 
a growing number of households 
economically. The mobile broadband 
market has enjoyed higher growth, 
increasing on average by more than 
20% annually over the past five years 
[3].

Despite the growth in both fixed and 
mobile broadband, there is a large, 
underserved household market. This 
market can be served cost-efficiently 
with FWA when it is built on the huge 
installed base and global reach of 
mobile technologies such as LTE and 
5G New Radio (NR).

*Recommendation I.113 of the 
ITU Standardization Sector defines 
broadband as a “transmission 
capacity that is faster than primary 
rate Integrated Services Digital 
Network (ISDN) at 1.5 or 2.0 Megabits 
per second (Mbps)”

Household broadband is dominated 
by video usage, namely services like 
Netflix, YouTube, and other social 
media. Global Internet video traffic will 
reach around 190 exabytes per month 
in 2021. Mobile network data traffic 
has also reached 80 EB/month and it 
will reach more than 160 Exabytes by 
2025 [3].

Figure 1.1: Global broadband* subscription growth 

When it comes to fixed broadband, 
approximately 60% of all households 
are forecasted to have a copper, 
cable, or fiber broadband connection 
in 2025. In many markets, it is not 
economically viable to build such 
broadband infrastructure much 
further. Based on this forecast, around 
10% will have a FWA connection in 
2025. This is expected to be spread 
across all FWA segments and will 
provide at least 50Mbps service. 
Based on ITU data, it is estimated that 
around 30% of households will still be 
unconnected in 2025.

The growth in high-speed mobile 
broadband coverage (enabled by 
4G LTE and 5GNR) is opening up 
much more commercially attractive 
opportunities for operators to deliver 
broadband services to homes and 
small and medium-sized enterprises 
(SMEs). 3GPP technologies are 
forecast to have huge population and 
household coverage by 2025. For 
instance, LTE is expected to reach 
over 90% population and household 
coverage while 5G is expected to cover 
up to 65% of the world’s population by 
2025. The huge potential household 
coverage creates a great opportunity 
for mobile operators to deliver FWA 
services on top of their existing MBB 
offerings. 

1.2 The COVID-19  
pandemic and FWA
The COVID-19 pandemic has 
highlighted the importance of reliable 
high-speed broadband connections 
to support the work-from-home and 
learn-from-home environments, and 
this trend will persist long after the 
pandemic. To support that demand, it 
is important that the home broadband 
is strong, reliable, flexible, and secure.

Since the beginning of the pandemic, 
the demand for communication & 
conference platforms like Zoom and 
Microsoft Teams spiked. For example, 
in FY2020 Zoom saw an 88% increase 
in revenue year-on-year to US$623 
million (https://store.globaldata.com/
report/gdtc0288ir--fixed-broadband-
market-in-the-americas-2021-update-
analysing-market-trends-competitive-
dynamics-and-opportunities-
till-2026/).

An Ericsson Consumer & IndustryLab 
study has found that 83% of 
respondents claim ICT has helped 
them a lot in dealing with the impact 
of COVID-19 lockdown [4].

There is a higher-than-average degree 
of feeling supported by ICT among 
career millennials (age 23-39 years), 
parents with children at home and 
those living in centers of larger cities. 
3 in 4 seniors (60+) also state that ICT 
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Figure 1.2: Global mobile data traffic growth

Figure 1.3: Broadband households by 2025

Figure 1.4 Share of smartphone users who consider ICT has helped them a lot with different tasks in their daily 
lives during the COVID-19 pandemic [4]
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has greatly helped during the crisis, 
especially for staying connected with 
family and friends. The most important 
communication services among all 
respondents have been voice calls and 
instant messaging. Among seniors, 4 
in 10 ranked video calls as 1 of the 
3 most important communication 
services. 3 in 4 of highly impacted 
parents state that ICT has helped their 
children a lot in accessing education 
and keeping them entertained. Two 
in three among those who say that 
the crisis has had a high impact on 
their personal life agree that reliable 
connectivity has helped them work 
remotely.

64% of the consumers asked think it 
is very important that service providers 
maintain the resilience and quality 
of the networks. The importance of 
networks is reflected in increased 
usage. The average time spent on WiFi 
increased by two and a half hours per 
day, while mobile broadband usage 
increased by one hour per day.

It is also important to note that 6 out 
of 10 respondents in the US expect 
remote healthcare to persist. 33% 
of the consumers plan to invest in 
5G and better broadband to face a 
potential next wave.

Flexible working and enhanced 
internal collaboration were emerging 
trends at the beginning of 2020 but 
are now hardwired into enterprises 
as they look to 2021. GlobalData’s 
research indicates that a high 
percentage of enterprises expect 
home working to be more common 
even after the COVID-19 pandemic 
subsides. Also, from the report it 
highlighted that the largest portion 
of employees (44%) want to work in 
a hybrid environment (remotely and 
in-office).

According to the Federal 
Communications Commission, more 
than 18 million Americans with 14 
million living in rural areas, do not 
have access to broadband, including 
wired and fixed wireless connections 
[5]. However, a new study has found 
that the actual number of people 
lacking access to broadband in the US 
is closer to 42 million [6].

According to research conducted by 
the Pew Research Center in April of 

Figure 1.5 Return to office post-pandemic survey

2020, Americans with lower incomes 
are particularly likely to have concerns 
related to the digital divide and the 
digital “homework gap” [7].

The Pew Research Center report 
showed: 43% of lower-income parents 
with children whose schools shut 
down say it is very or somewhat 
likely their children will have to do 
schoolwork on their cellphones; 40% 
report the same likelihood of their 
child having to use public Wi-Fi to 
finish schoolwork because there is 
not a reliable internet connection at 
home, and about one-third (36%) 
say it is at least somewhat likely their 
children will not be able to complete 
schoolwork because they do not 
have access to a computer at home. 
In the new ‘normal’, where work, 
learning and living happens mostly 
from homes, FWA is essential to keep 
people and business connected with 
fast and reliable internet connectivity. 
Operators and Telecommunication 
providers saw spikes in traffic in their 
fixed and mobile broadband networks 
as people turned to the Internet to stay 
connected. As this trend continues, 
operators have offered FWA solutions 
to provide connectivity to consumers 
that do not have access to the fiber 
network. Additionally, FWA can provide 
a backup connection if the fixed 
broadband network experiences a 
failure or if the home broadband line’s 
bandwidth is stretched thin across the 
needs of all those working, living, and 
consuming entertainment. 

1.3 FWA on 5G Networks
The large unmet demand for 
broadband connectivity can be met 
most cost-efficiently with FWA when 
it is built on the large installed base 
and global reach of 3GPP mobile 
technologies such as HSPA, LTE and 
5G NR. Operators can maximize 
the established momentum behind 
3GPP technologies by deploying FWA 
together with MBB in existing and 
upcoming spectrum bands, thanks 
to the options for ensuring efficient 
sharing of spectrum between the two 
services. The thriving 3GPP ecosystem 
for network equipment and device 
chipsets based on MBB also ensures 
strong future-proof evolution for FWA.

5G NR access is standardized in 3GPP 
and provides a range of important 
benefits. The technology solutions can 
be divided into two sub-categories: 
new bands and enhancements 
(discussed in detail later in sections). 

New bands: New bands are needed 
to make larger blocks of spectrum 
available to operators. The bands used 
for mobile communication today are 
simply not wide enough to support 
future traffic needs. To get access 
to wide bands, spectrum available 
in higher frequencies must be used. 
However, this comes with some 
challenges. The link budget in higher 
bands is much more challenging due 
to increased free-space path loss, 
and increased additional loss from 
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diffraction and penetration. To make the high frequency bands usable, some 
new and improved technical solutions and enhancements are needed.

Enhancements:

• Beamforming features like Multi/Single User MIMO: The ability to focus 
the transmitted energy in narrow ‘beams’. Focusing the energy in the 
desired direction can partly compensate for the worsened link budget. 
Also, focusing the energy in the wanted direction instead of ‘broad casting’ 
across the entire cell reduces interference. 

• Demand-adaptive cell technology features like Lean Carrier, Dynamic 
TDD: System and traffic control channels can be transmitted on sites and 
resources optimized for coverage and robustness. 

• Multi-X connectivity features like Carrier Aggregation, Dual connectivity: 
Transmission from multiple sites and RATs to enable the use of higher-
frequency bands. Cell edge users can more than double their data rates by 
being simultaneously connected to LTE and NR. 

Figure 1.6 5G New Radio Link enables FWA
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2. FWA Use Cases

2.1 Introduction
Growing demand for high-speed low-cost internet to residential consumers has 
paved a way to developing FWA technologies over 5G NR. Broadband services 
can be delivered to a household using indoor or outdoor subscriber unit and 
running new 5G NR technology to connect that subscriber unit to wireless 
network. The coverage is extended inside a consumer’s home using additional 
devices with the home.

The Residential use case can be broadly classified into two areas: Suburban/
Urban and Rural. 

2.2 Rural vs Urban classification
The U.S. Census Bureau classifies geographies into Urban and Rural based on 
measures of population counts and density. The Urban areas represent densely 
developed territory, and encompass residential, commercial, and other non-
residential urban land uses. Rural encompasses all population, housing, and 
territory not included within an urban area. Based on that delineation close to 
80% of population is classified as living in Urban whereas the remaining 20% is 
categorized as Rural [8].

Population in rural areas is spread out across a much larger geography resulting 
in population densities significantly lower than urban areas. At a national level, 
median population density in urban areas is around 60 times that of rural areas 
(1597 individuals per square mile in urban areas compared to 27 individuals per 
square mile in rural areas. The differences in morphologies have implications to 
ISP technologies being deployed to serve rural and urban consumers.

2.3  ISP technologies
The three main technologies to deliver fixed broadband are xDSL, Cable and 
Fiber. Figure 2.2 shows advantages and disadvantages of all three technologies.

In rural geographies, however, Satellite based connectivity is the dominant 
technology to deliver internet access, followed by Fixed wireless access. FCC 
analysis of fixed broadband deployment data revealed that fixed line based 
technologies are limited to a small portion of the geography (no more than 20% 
of census blocks) [9].

Urban environments have a relatively higher cable and fiber presence leading 
to speed differentials compared to rural. Additionally, only 11% of rural areas 
have access to gigabit speeds compared to 61% of urban, and 45% of rural 
geographies only have access to internet services with maximum download 
speeds of 35 Mbps [9]. 

It is worth noting that fixed wireless technology-based services account for a 
considerable portion of both rural and urban geography. In some states, FWA 
based operators—primarily regional WISPs—cover as much as 76% of rural 
census blocks. However, current FWA speed capabilities lag those of cable and 
fiber-based services as illustrated in Figure 2.4. 
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Figure 2.1: Urban vs Rural population share U.S. States [8]

Figure 2.2 Main fixed broadband technologies 

Figure 2.3 ISP technologies serving urban and rural geography (States: IL , WA, NY and TX)
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Table 2.1 Population density Urban vs Rural [8]

Figure 2.4 Median speeds across ISP technologies (States: IL , WA, NY and TX) [9]

2.4 5G FWA opportunities
A 5G based fixed wireless offering 
would be a natural fit for mobile 
operators looking to provide home 
broadband services in urban and rural 
geographies. FWA based broadband 
solutions have an advantage 
especially in sparsely populated 
rural geographies that are far more 
economically challenging to cover 
using traditional fixed line options.

The new advanced wireless 
technologies and features in 5G NR 
can mitigate challenges of reaching a 
rural consumer home using features 
like coverage extension. Tools like IAB 
can densify the wireless network at 
comparatively low cost and provide a 
high-class speed by serving multiple 
homes using beamforming and 
massive MIMO technologies.

5G operators with FWA based services 
can bring several benefits to the rural 
and urban consumer segment:

Raise the floor: Fixed wireless access 
on 5G technologies has the capability 
to raise the speed bar to meet the FCC 
broadband target or even higher giving 
consumers in rural geographies a 
much-needed lift in experience.

Homogenize user experience: Wired 
technologies also exhibit differences 
in speed offerings in urban Vs rural. 

In some states, median download 
speeds for cable and fiber are four 
to ten times higher in urban census 
blocks compared to rural geographies 
[9]. A properly deployed 5G based 
Fixed wireless access network 
can help provide a consistent user 
experience across urban and rural 
geographies.

Close the Digital Divide: Large portions 
of rural geographies have little to 
no choice of broadband options 
compared to urban counterparts, 
shown in Figure 2.5.

 An LTE operator with a nationwide 
footprint can bring a viable broadband 
option to rural and underserved areas 
by rapidly and efficiently deploying 5G 
on existing site base. Rural consumers 
can benefit from increased choice 
of broadband providers that can 
help close the digital divide in many 
locations.

2.5  Consumer  
usage patterns
In addition to characterizing 
differences in internet access 
speeds across technologies, it is also 
important to understand trends in 
consumer usage that drive speed and 
tonnage on a broadband network. 
Typical consumer online activities 
range from general browsing and 
email to more bandwidth demanding 
video and gaming usage, with each 
application requiring a minimum 
download speed for adequate 
performance.

Current internet usage is primarily 
dominated by video. Cisco’s Annual 
Internet Report projects that global 
IP video traffic will be 82% of all 
consumer Internet traffic by 2021, up 
from 73% in 2016 [11]. This includes 
traffic from sites like YouTube and 
BuzzFeed Video, as well as streaming 
services like Netflix and Hulu.
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Figure 2.5 Rural vs Urban broadband providers [10]

Table 2.2: Application  
and bit rate requirements 

(Table 3.1 5G Americas white  
paper 5G Services and Use Cases)

Table 2.2 depicts bit-rate requirements 
for popular applications ranging 
from simple browsing experiences 
(Facebook, Google, email) to 4K 
TV and streaming. Bandwidth 
requirements for Ultra-High-Definition 
(UHD) video are almost eight times 
more than Standard-Definition 
(SD) video. Additionally, CISCO has 
estimated 66% of the installed flat 
panel TV sets to be UHD by 2023, up 
from 33% in 2018. 

From a household perspective there 
are several items that influence 
aggregate broadband requirements. 
The total number of household 
simultaneously connected devices and 
the types of applications each device 
is using it as illustrated in table 2.3.

The average U.S. household size has 
been steady at around 2.53 people for 
the past few years [13]. One and two 
person households made up 63% of 
U.S. households in 2020 [14]. Table 
2.3 implies that a broadband service 
with download speeds up to 25 Mbps 
would adequately serve bandwidth 
needs of majority of residential 
customers.

The aggregate bandwidth consumed 
by different applications translates 
to household tonnage consumption, 
measured in GB per month. OpenVault 
Broadband Insights reported that 
the monthly weighted average data 
consumed by subscribers in 1Q21 
was 461.7 GB in the downlink, up 
nearly 15% from 1Q 2020 [15]. While 
the usage reported is a blended view 
across different demographics, the 
report also indicated an increase 
in the median consumption. This 
suggests a broad increase in 
consumption across the entire base 
not only driven by extreme power 
users. Specifically, the median 
monthly weighted average downlink 
usage in 1Q21 was 289 GB, up nearly 
24% from 233.6 GB in 1Q20.

Table 2.4 depicts what those monthly 
consumption values would translate to 
during busy hour, and the associated 
throughput required to support those 
levels of usage. Section 6 links these 
to network provisioned speeds and 
typically observed oversubscription in 
broadband networks.

It is interesting to note the share 
of downlink and uplink tonnage 
to the total household broadband 
consumption in the OVBI report. 
Figure 2.7 illustrates that the ratio of 
downlink to uplink usage is roughly 
14:1. As majority of 5G networks are 
TDD based, setting the right frame 
structure between downlink and 
uplink is important to meet subscriber 
expectations and manage network 
capacity. The downlink heavy usage on 
home broadband also aligns well with 
traffic patterns on cellular networks 
enabling 5G operators to leverage 
existing network configurations 
efficiently to support mobile and home 
broadband use cases.

Ultimately, both rural and urban 
geographies present attractive 
opportunities for 5G based fixed 
wireless access services. Rural 
demographic generally lags behind 
urban counterparts in broadband 
adoption, but that is poised to change 
as new initiatives such as the BRIDGE 
Act are put in place to secure the 
funding required to close the digital 
disparity. 
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Table 2.3: Broadband speed guide [12]

Table 2.4 Monthly to Busy hour estimated consumption

* email, browsing, basic video, VoIP, Internet radio

** streaming HD video, multiparty video conferencing, online gaming, telecommuting

Industry benchmarking reports indicate that overall broadband consumption 
is increasing at a rapid pace, and 5G based FWA networks have the right 
capabilities to address those needs.

Section 3 elaborates on how 5G operators can leverage their assets to provide a 
competitive FWA offering to residential broadband customers.
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Figure 2.6 Year over year increase in household broadband consumption

Figure 2.7 Downlink vs uplink share of tonnage
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3. Connecting to the customer

The wider availability of high-speed broadband coverage, enabled by 4G LTE 
and 5G New Radio (NR), brings opportunities for operators to deliver broadband 
services to homes and small and medium-sized enterprises (SMEs) via Fixed 
Wireless Access (FWA). This is especially true in rural and suburban areas, where 
the costs of rolling out copper and fiber connections are often prohibitive, and 
spectrum assets are often under-utilized. Additionally, as older infrastructure as 
DSL ages, FWA becomes interesting as fast and less costly replacement. 

The majority of the residential use case apply to consumers residing in detached 
structures commonly referred to as single family homes, whereas 25% reside in a 
multi-dwelling unit (MDU); MDU is a generic term for a structure where more than 
one household resides. These could include apartment buildings, townhomes, 
or high-density housing. The proportion of households in MDUs is much higher 
compared to single family homes in dense urban areas.

Figure 3.1 highlights key considerations for a 5G operator aiming to provide 
FWA services to residential consumers across different morphologies and 
demographics.

3.1 Spectrum Considerations
Spectrum is undoubtedly the most important consideration driving an operator’s 
5G FWA strategy. 5G NR provides several expansion opportunities for FWA with 
the introduction of new spectrum in Mid and High bands and development of NR 
in Low Bands (such as 600 MHz). Figure 3.2 provides a qualitative assessment of 
the application of different NR bands based on propagation characteristics and 
available channel bandwidths.  

Figure 3.1 FWA Considerations for Mobile Operators 
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Figure 3.2 Comparison between spectrum bands

 Some of the possible 5G NR 
opportunities with regards to spectrum 
include: 

• Low Band NR: The expansion of 
low band carriers beyond LTE’s 
20 MHz carrier (utilizing the 
higher numerology if available 
and additional PRB capacity) 
may allow the most rural and 
underserved areas be served 
with reasonable service from a 
low number of sites. This can 
also be used to extend the reach 
of Mid-band Multi-User Massive 
Input Massive Output (MU-MIMO) 
deployments @ 2.5 and 3.5 GHz.

• Mid-Band: Comprising of 2 GHz 
(B2/25 and B66A), 2.5 GHz 
(B41) and 3.5 GHz (B48, n77D 
plus future NTIA spectrum), the 
mid-band could be considered 
by some analysts as the most 
efficient option. Carriers can 
range from 5 MHz up to 100 
MHz in the TDD spectrum 
range, offering high speed and 
low latency with the benefit of 
indoor coverage possibilities due 
to the lower frequency range. 
This Mid-band spectrum also 
brings the possibility of MU-
MIMO deployments, increasing 
the capacity of a single carrier 
cell while beamforming also 
increased the per user SINR 
(increasing individual user 
throughput).

• mmWave: While mmWave does 
not offer the same penetration 
or distance in terms of coverage 
as Mid-Band, it does offer large 
swathes of spectrum (100’s 
of MHz) in 24, 28, 39 and 47 
GHz – this allows multi Gbps 

capacity to be offered in a single 
cell – beamforming also allows 
a user to receive a signal with 
increased SINR to also improve 
the broadband experience. 

A combination of the Mid-Band and 
High-Band carriers through EN-DC or 
Carrier Aggregation will provide the 
most effective service, giving very 
high throughput to users closer to the 
cell (Via High-Band carriers) while still 
being able to provide a high quality of 
service to users further away via Mid-
Band spectrum. 

3.2 Sites
The premise of Fixed wireless 
access operates on the feasibility of 
providing last mile internet connection 
using a wireless medium. Physical 
location and density of cell sites is 
an important asset for 5G mobile 
operators aiming to provide fixed 
wireless access. In many cases, 
cell sites are optimally located to 
provide last mile access to the 
homes where wired alternatives such 
as fiber are cost prohibitive, giving 
mobile operators an advantage over 
wireline incumbents. Mature mobile 
operators also have the advantage 
of leveraging existing LTE site base to 
upgrade to 5G technology in a cost-
effective manner. 5G rollout can be 
planned such that geographies that 
have both mobile and fixed wireless 
demand are prioritized appropriately, 
enabling synergies between the two 
lines of business. Mobile operators 
can look to leverage both macro 
and street pole deployed small cells 
to opportunistically deliver fixed 
wireless access, although macro 
sites generally have an advantage 

over small cells due to the increased 
height and transmission power. Typical 
coverage range for small cells is within 
hundreds of feet versus several miles 
for a macro site. Figure 3.3 illustrates 
cell range variation for different macro 
antenna heights typical to different 
morphologies. Very tall sites especially 
in rural geographies can effectively 
provide last mile connectivity via 
fixed wireless to homes in sparsely 
populated regions.

3.3 Product Speeds
Product Speeds refers to the 
maximum advertised downlink and 
uplink speeds offered by a provider on 
a “best-effort” basis. Marketed speeds 
vary depending upon the technology 
used and the geography served, with 
a minimum 25 Mbps on the downlink 
and 3 Mbps uplink as mandated 
by the FCC. Higher demand and 
competition in urban areas, however, 
is driving broadband offerings in the 
upper speed tiers.

5G operators providing FWA can 
benefit from enhancements in NR 
standards aimed at improving spectral 
efficiency and consequently cell 
capacity and throughput. The NR 
standard of 5G brings a significant 
rise in spectral efficiency compared 
to LTE by increasing the data capacity 
that can be transferred per unit (Hz). 
This is due to engineering but also 
improvements to signaling and CPE 
technology, including:  
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Figure 3.3 Cell range sensitivity with Macro height

Table 3.1 Max throughput per spectrum band/subband (2x2 Assumed, CA not included, Single Band) 

• Antenna gains 
• Massive MIMO  

 » improve SINR by focusing 
energy in wanted direction  

 » increase capacity by serving 
more users simultaneously 
(MU-MIMO)  

• SRS3 antenna selection (allows 
CPE to switch between antennas 
to optimize signal reception) 

• CPE placements and power – 
wall and rooftop mounted, nearer 
to windows and high power CPEs 

Besides the increase in spectral 
efficiency, new spectrum with large 
bandwidths is becoming available in 
increasing quantities. This includes 
mid-band TDD spectrum in the 
3.5–4.5 GHz range, 20–100 MHz 
per operator, and high bands in the 
mmWave range, notably 28 and 39 
GHz, 400–800 MHz per operator. 

Such broad bands can carry large 
amounts of traffic. This is one of the 
reasons the FWA opportunity has 
come to the fore recently.   

3.4 Capacity
In Section 2 consumer usage 
patterns were discussed which drive 
tonnage and speed at a household 
level. However, for a FWA operator, 
it is the aggregate demand from all 
subscribing households in a coverage 
area that drives network capacity 
management. 5G FWA operators can 

take advantage of Oversubscription as 
a dimensioning parameter to manage 
user experience in the busy hour

The notion of oversubscription relies 
on the fact that not all households 
are active even in the busy hour. 
Most telecoms networks use this 
multiplexing gain to provision their 
network capacity below the absolute 
maximum demand. 

Table 3.2 below is an illustration of 
how network oversubscription and 
maximum speeds translate to user 
experience in the absolute worst-case 

scenario during the busy hour. For 
instance, a network provisioned at 50 
Mbps and 20:1 oversubscribed can 
still deliver 2.5 Mbps per household at 
the busiest times. 

Although the highest oversubscription 
value depicted in the table is 25:1, 
some broadband providers often have 
a 100:1 oversubscription ratio for 
residential customers [16].

In addition, home and mobile 
broadband have differing traffic 
patterns that can work in favor of 
wireless operators. 
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Table 3.2: Oversubscription and busy hour user experienced speeds

Figure 3.4 Illustrative Mobile and Fixed hourly traffic 

Historically, home broadband usage has been higher on the weekends 
compared to weekdays. However, increased work from home and remote 
learning have caused shifts in usage patterns with weekdays now generating 
significantly higher usage. Smartphone traffic on the other hand has traditionally 
been higher on weekdays compared to weekends when mobility driven traffic 
drops. That trend has also reversed due to the changes brought about by the 
pandemic. 

Mobile operators that have primarily been serving mobile consumer traffic 
have excess capacity in many portions of the network ready to be utilized for 
fixed wireless. Depending upon the location of cell sites, operators can take 
advantage of this underutilized capacity to support mobile and fixed use cases 
with existing spectrum resources as illustrated in Figure 3.4 

In addition to excess capacity, there is also the opportunity to utilize 
spectrum that is not yet deployed. Spectrum is licensed uniformly 
across geographical boundaries (These include PEA – Partial Economic Areas, 
CMA – Cellular Market Areas), that is not however the case with mobile usage, 
resulting in some spectrum bands either not being deployed at all or not fully 
utilized. 5G operators can, with relative ease, deploy hardware to activate 
incremental spectrum bands on existing sites to support FWA subscribers. 

Incumbent mobile operators need to efficiently manage sharing of resources 
between mobile and fixed users as well as transferring, as quickly as possible, 
the spectrum resources from 4G LTE to 5G NR to take advantage of the 
improvements previously noted such as security, slicing and spectrum efficiency. 
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Operators that have dedicated spectrum to 5G are in an advantageous position 
to support growing demands from 5G use cases such as home internet. 

3.5 Customer Premise Equipment (CPE)
The receiver in the FWA system is one of the most important consideration 
driving both quality of service and boundary of coverage. This aspect is further 
dealt with in more detail in Section 7 
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4. 5G features and capabilities 
that will elevate FWA

Increased performance for FWA Services can be achieved by enhancing end-to-
end cellular infra-structure. With the demand in broadband services exceeding 
expectations, it has and will become inevitable for network operators to 
continuously improve their systems and deliver high speed and greater capacity 
with ensuring reliable service. The two most important segments in end-to end 
wireless network architecture are Radio Access Network and Network Core. 
Most enhancements and optimizations implemented on these two segments 
can offer more control over services and improve user experience for fixed 
wireless services. This section discusses few features that can help meet the 
customer requirements, exceed speed expectations, and provide high quality 
services. 

4.1 Radio Access Network (RAN) 
After a decade of research, standardization, and industry collaboration emerged 
5G technology. It offers features to deliver higher performance and a more 
uniform user experience. Several of these 5G features are aimed to provide 
better coverage and higher throughput to the users, which is one of the key 
aspects of fixed wireless access. In the following sections we will cover 
key 5G features and capabilities in RAN which helps to elevate FWA users and 
deployments. 

4.1.1 Increased spectrum bandwidth
The higher numerology capability of 5G NR helps to provide multi-Gbps peak 
throughput which is beneficial for providing higher throughput to users especially 
in an urban or dense urban environment for fixed wireless access. 

4.1.2 Beamforming
Full dimension beamforming (horizontal and vertical direction) helps to focus the 
signal energy to the direction of the user, improving the throughput and coverage 
challenges.

Figure 4.1 Speed and Bandwidth Analogy [17]
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5G radio units based on the band and implementation complexity uses analog, 
digital, or hybrid beamforming. Typical mmWave bands radio units implement 
analog or hybrid beamforming while mid/low bands radio units implement digital 
beamforming. 5G hybrid beamforming technique (especially in mmWave) works 
by combining digital precoding and analog beamforming to overcome the large 
path-loss in high-frequency bands while maintaining reasonable complexity 
of radio units. With low and mid band frequency deployments gNB Radio 
Units can implement a higher number for Transmit Receivers (Antenna 
elements) to realize full digital beamforming. It will provide better beam control 
and multiplexing of user beams. 

4.1.3 5G beam management for coverage improvement 
To improve coverage in higher frequency channels (esp. mmWave), the user is 
tracked and serviced using a focused beam in uplink and downlink direction. 
5G beam management feature procedures help to optimize and track the user 
beams as shown in figure 4.3. 

4.1.4 Flexible beam configuration 
Based on the deployment needs of FWA, beams can be configured to 
provide a better user experience. 

4.1.5  Enhanced Channel State Information feedback
5G defines enhanced Channel State Information Reference Signal (CSI-RS) 
feedback mechanisms which are beneficial for single-user MIMO (higher layers 
to single user) and Multi-user MIMO (single/multilayers to multiple users). 

Figure 4.2 Beamforming 

Figure 4.3 Beam Management Procedure 
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Figure 4.4 Beam configuration

gNB transmits downlink CSI-RS signal 
and device then estimates the channel 
based of CSI-RS, sends the feedback 
of preferred codebook (quantized 
beam) gNB. gNB uses this information 
to generate a focused beam to the 
FWA user to improve performance. 
3GPP defines Type I and Type II 
CSI codebook. Type 1 is typically 
considered for SU-MIMO, whereas 
Type II (more granular and flexible 
feedback) is considered for both SU-
MIMO and MU-MIMO. 

4.1.6 SRS based 
beamforming
mmWave and mid-band deployment 
used for FWA are typically of Time 
Division Duplex (TDD) systems. Due 
to this channel reciprocity, massive 
MIMO systems can utilize the 
Sounding Reference Signal (SRS) from 
the UE to create user-specific beams 
to improve performance. 

4.1.7 Multi-user MIMO
When the system needs to 
simultaneously provide multiple users 
with high DL traffic load services such 
as FWA, its spectral efficiency and 
cell throughput can be increased by 
spatial division multiple access (or 
equivalently DL MU-MIMO) which 
allocates different sets of beams to 
the users. 

For DL SU-MIMO, the Beamforming 
(BF) weight of each layer is determined 
from Pre-coding Matrix Indicator (PMI) 
feedback or SRS response to allocate 
multiple layers to the same user. 
Although the composite beams of 
DL SU-MIMO layers are not perfectly 
orthogonal to each other, all the layer 

signals are delivered to single user 
and the inter-layer interference can 
be mitigated by advanced receiver 
techniques. 

In the case of DL MU-MIMO, 
imperfectly orthogonal beams cause 
multi-user interference and render 
it difficult for each user’s receiver to 
eliminate the interference. Figure 4.5 
shows that the BF weight should be 
chosen carefully in order to maximize 
the beam gain toward the desired 
user and to minimize its leakage 
power toward other users who receive 
DL signals at the same time and 
frequency resource. 

MU-MIMO is beneficial especially 
for FWA since the geographical 
separation of FWA UEs will help 
the gNB to create better and multiple 
orthogonal beams. More users can 
be simultaneously scheduled on 
the same physical resources and 
increasing the spectral efficiency. 

4.1.8 Extending Downlink 
coverage utilization with 
Carrier Aggregation or Dual 
Connectivity
Typically, higher frequency band 
deployments are uplink coverage 
limited (i.e. downlink coverage 
extends beyond the uplink link 
budget coverage). To utilize the 
downlink (red dotted box region 
in figure 4.6) beyond the uplink, 
the FWA device can do carrier 
aggregation (CA) or dual connectivity 
(DC) with a lower frequency band. 
In CA the FWA device can utilize 
uplink of the lower frequency band 
and aggregate the downlink of 

both Higher plus Lower frequency 
bands thereby increasing the user 
perceived throughput or coverage. 

4.1.9 Service differentiation
As 5G technology evolves, new and 
diverse vertical services will continue 
to increase with varying service 
level requirements. FWA will be able 
to dynamically and flexibly cater 
to these service requirements. 5G 
defines the slicing of the network 
based on various service demands. 
5G network slicing provides the ability 
to efficiently create user-to-application 
connections using logical networks 
built on shared physical infrastructure. 

RAN level network slicing features like 
slice-based scheduling, admission 
control, and prioritization combined 
with end-to-end slice specific data 
handling helps to realize new 
application service level needs and 
new revenue opportunity for mobile 
network operators. 

4.1.10 Higher order modulation
5G standard supports higher order 
modulation (Downlink 1024QAM, 
Uplink 256QAM) for higher peak 
throughputs and for regular network 
coverage. The benefit of these higher 
order modulation is limited to very 
close to the gNB. With FWA device 
having additional antenna gain, higher 
order modulation is more realistic and 
can provide better throughput to end 
user. 

4.1.11 Uplink Carrier 
Aggregation and MIMO
Unlike the mobile device, FWA 
devices can effectively implement 
multiple antennas and RF chains for 
transmission and reception. Combined 
with higher antenna gain, FWA devices 
can support multi-layer MIMO and 
multi-carrier aggregation—especially 
on the uplink to improved uplink 
performance. 

4.1.12 Dynamic TDD and 
interference mitigation
Typically, in TDD macro network 
deployments, the same TDD 
Uplink:Downlink ratio is used 
across the region to avoid any 
interference between uplink and 
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Figure 4.5 MU-MIMO 
Source: Massive MIMO for NR, Samsung, 2021

Figure 4.6 Coverage Extension 

Figure 4.7 Service differentiation [18]
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downlink between sites. The 5G standards support dynamic TDD UL:DL ratio 
change so that individual gNBs can adjust the ratio according to the traffic 
demand. To avoid interference in dynamic TDD usage, 3GPP defines specific 
procedures and signaling to identify, isolate and mitigate the interference.
between gNBs. gNBs communicate and co-ordinate to avoid two kinds of 
interference scenarios (RIM and/or CLI). This feature can bring UL DL symmetry 
in home broadband as well enterprise services.

4.2 5G Core Network (5GC)
5G is positioned to address the demands and business contexts of 2021 and 
beyond. It is expected to enable a fully mobile and connected society, and to 
empower socio-economic transformations in countless ways—many of which are 
unimagined today, including those for productivity, sustainability and well-being. 
5G is partly defined by advancements in core network services as defined by 
5GNR. These advances will enable higher throughputs and data rates, as well 
as significant improvements to latency, connection density, energy consumption, 
better data management and content control and reliability which are essential 
features required to FWA. The following section describes the features and 
capabilities the 5G Core Network will support to elevate FWA. 

The following enhancements can be made on the 5G core to provide the best 
user experience to FWA customers. 

4.2.1 Policy enforcement based on “Application detection” in 
UPF
With the proliferation of the secure network access and protocols like Quick 
UDP Internet Connections QUIC that are often being leveraged by the devices 
and application providers, the accuracy of standard Application Detection 
Capabilities will eventually encounter limitations. Close collaboration between 
the key application providers (when legally allowed) may be required to enhance 
the detection capabilities and application of corresponding policies within the 
network. The Application Detection and Control (ADC) solution allows operators 
to dynamically detect applications run by subscribers and derive business 
intelligence on their traffic. Operators can apply packaged promotions such 
as the zero rating of music, video or social media applications. ADC employs 
Heuristic, Statistical & Deterministic analysis-based detection of applications 
and content. The traffic that is detected and matched to a rule by UPF can have 
a corresponding action. The detection could be the result of DPI, ADC, SNI, QUIC 
rules. The corresponding action taken can be defined from the PCC rules from 
PCF or local configured operator policies. It includes throttling, drop/block, allow 
traffic. UPF can perform different kinds of enforcement, optimizations once a 
specific flow is chosen based on the traffic detection rules received from the 
SMF. i.e Per flow, per PDU session, per DNN QoS enforcement or Prepaid, Post-
paid Charging [21].

Figure 4.8 Interference [19]
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Figure 4.9 Core Architecture for FWA [20] 

4.2.2 Device lock
For binding services of a subscriber/
UICC to a specific CPE, the UDM/UDR, 
PCF and AMF capabilities are required:

• Npcf UEPolicyControl 
• PEI provisioning (IMEI in this 

case) on the UDR associated 
with a UICC 

• Policy definition to reject service 
if the PEI and Subscription 
Permanent Identifier do not align

4.2.3 Network discrimination
To meet the requirement, the AMF 
N15 Interface (RAT/frequency 
selection priority [RFSP] policy and 
service area restrictions) would be 
necessary, along with dependency 
on RAN for supporting redirection 
of the UEs to an alternate frequency 
or restricting the UEs to a specific 
frequency as defined in 3GPP. 

4.2.4 Geographical area lock 
To restrict a device to a specific 
area lock, Presence Reporting 
Areas and policy definition based on 
PRA usage is recommended. More 
granular e.g., Cell based restrictions 
are possible as well based on policy 

definition but requires additional 
signaling for location reporting 
and provisioning of granular cell 
restrictions in the UDR per device. 

4.2.5 Network Slicing 
and Service differentiation
Up to this point, mobile networks 
have evolved based on coverage, 
reliability, and throughput. However, 
this will change with the advent of 5G 
FWA because of the ability of FWA to 
dynamically provision logical networks 
that meet the needs of any use case. 
This will be a key differentiator for 
5G and will enable service providers 
to more quickly and easily offer 
new monetizable experiences. 

The concept of slicing is a 
fundamental component of the 5G 
architecture, and it permits network 
customization that can reach from 
large groups down to a personal 
level. This can be achieved by taking 
the slicing concept to a granular 
level not seen before by combining 
three main technologies of control 
and user plane separation (CUPS), 
virtualization and end to end 
automation [22]. 

5G Core network makes network 
slicing easier, providing flexibility and 
faster time to market [23]: 

• Deploying new services as its 
own slice: This allows FWA 
operators to try new services 
faster and find out which 
services will take off and which 
services fail with lower cost. 

• Providing services to enterprises 
as its own slice: FWA 
operators will be able to 
provide own infrastructure which 
has their own features and 
functions to valuable enterprise 
customers to meet their specific 
needs. These enterprises 
can then use this slice to sell 
additional capabilities that the 
slice has, such as the MEC 
capabilities provided by 5G core 
networks. 

• Providing different network 
slices for different services like 
URLCC, eMBB, and mIOT based 
on requirements like throughput, 
QoS, reliability, latency, etc: 
The slice has an SLA that also 
applies to transport and network 
state exposure. 
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3GPP defines three standard slice types, eMBB, URLLC and IoT. However, there 
are network slice instances, and we can take a standard slice and then apply it 
to different verticals that are a collection of use cases. 

For example, we take the standard URLLC slice and create slice instances 
that meet different SLAs, as a set of criteria that encompass availability, 
security, latency, QoS and feature sets. If we can group different verticals into 
this SLA, then we just need as many slices as we have SLAs. 

Figure 4.10 Example of different slices [24]



27  

 

5. Customer Premise Equipment  
(CPE) with 5G FWA

One primary goal of 5G FWA is to offer solutions which are competitive from 
a performance perspective with wired and fiber technologies such as xDSL, 
cable, and Fiber-to-the-Home (FTTH), but at significantly lower cost. 4G FWA is 
an established technology which is frequently used to provide supplemental 
bandwidth for existing wired or fiber networks. 5G FWA, especially at mid-bands 
(2 GHz – 6 GHz) and high-band (mmWave, >24 GHz), is designed as a direct 
alternative to the “wired” network technologies. 5G FWA today supports average 
data rates which can easily exceed 500 Mbps, with peak data rates as high as 
2000 Mbps supported. In the future with CPEs supporting higher bandwidths, 
and advanced features such as multiband and multi-technology carrier 
aggregation, 5G FWA data rates will continue to increase. 

5.1 Performance Advantages for FWA CPE versus Mobile 
CPE 
Historically, CPE performance, has tended to be the limiting factor in 
the overall link performance of mobile networks. However, due to the nature 
of FWA, CPEs designed specifically for FWA can take advantage of less strict 
requirements to overcome some of the mobile CPE limitations. This can result in 
significantly larger cell sizes and higher peak and average data rates compared 
to using mobile CPEs. Some key differences are:

• Physical Size: Mobile/Handheld CPEs should be small enough in size for a 
person to carry in their pocket. FWA CPEs can be considerably larger, while 
still meeting aesthetic requirements for mounting in the home, on the 
sides of buildings, etc. 

• TX Power / EIRP Limitations: Mobile/Handheld CPE transmitter power is 
often limited by Maximum Permissible Exposure (MPE) limits due to users 
being in very close proximity to the CPE. FWA CPEs (especially outdoor 
types) are not hand-held and are generally not installed in locations where 
humans will be in close proximity to the antennas, so are allowed to 
operate with higher RF power and EIRP.

• Antennas and Advanced Performance Features: Mobile CPEs in general 
are required to use antennas with wide beamwidths and low directivity 
and gain since antenna orientation relative to the Base Station is not 
predictable and constantly varies. FWA CPEs, however, are fixed in one 
direction and not moved, so they can more easily take advantage of 
advanced performance features, such as fixed beamforming for greatly 
improving UL quality and consistency, and multiple MIMO layers for 
improving link quality and throughput. A mobile CPE in a beamforming 
system requires some processing overhead to be spent keeping track of 
the mobile’s location, which is not required for an FWA CPE. These features 
combined give FWA CPEs great performance advantages over mobile 
CPEs.

• Performance Limitations Due to Battery Life Concerns: Mobile/Handheld 
CPEs are saddled with performance compromises between battery life and 
high-level UL/DL performance. FWA CPEs operate in most applications 
from building or house power, so therefore can be designed offering higher 
performance at the cost of increased power consumption.
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5.2 Comparison of Indoor and Outdoor CPE Types 
CPE placement is an important aspect of an operator’s overall FWA strategy. 
The choice of “Indoor” Vs “Outdoor” CPE will likely drive product adoption and 
resulting operator economics for a successful FWA business.

“Indoor” refers to a unit that can be placed inside the home. This option is the 
most convenient from the customer perspective because all that is required 
is to be able to find a location that has sufficient signal strength inside the 
home (most often near a window). Indoor CPEs are common as they are 
sometimes preferred by the home or business owner, or even required due to 
exterior mounting restrictions. FWA business strategy based on Indoor CPE is 
therefore expected to have a higher customer adoption compared to the other 
options. An important implication of the indoor CPE strategy is the frequency 
bands being used to deliver FWA as not all bands can propagate effectively 
indoors. Higher bands, especially mmWave, can suffer as high as 40 dB of 
penetration losses and therefore not ideal for indoor CPE deployments. 

Consequently, an Indoor CPE strategy lends itself well to a mid or a low band 
FWA strategy. 5G on mid-band is promising and has tremendous potential to 
support most residential FWA applications.

At the other end is the “Outdoor” CPE. This unit is typically mounted on the 
exterior of the home or a building structure as illustrated in figure 5.2. Outdoor 
CPEs have high gain, directional antennas and generally better TX and RX 
performance than Indoor CPEs. The Outdoor CPE is considered a “controlled” 
network element, meaning it is configured to be mounted in a certain location 
and to remain there. The primary driver for adopting an outdoor CPE deployment 
is to address the propagation challenges inherent to higher bands. Figure 
5.1 illustrates how cell ranges can increase significantly as a function of CPE 
antenna gain. These increased cell ranges translate to better indoor penetration 

Table 5.1 Penetration losses for different building materials at 28 GHz

Figure 5.1 Impact on cell radius w.r.t CPE antenna gain
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in the case of mmWave bands or an extended range FWA solution targeting 
rural geographies. Most current versions of outdoor CPE require a professional 
installation, so the option ranks lower from a customer convenience perspective 
compared to the Indoor CPE. Operator economics also need to be carefully 
assessed by factoring the incremental installation costs per customer. 

The CPE ecosystem is rapidly evolving with more sophisticated designs that 
help address challenges of an Outdoor deployment model. Along those lines, 
“Window mounted” CPE is gaining traction as a customer self-install solution 
that alleviates challenges associated with professional installation of an outdoor 
CPE while benefitting from improved link budget of an external antenna. 

5.2.1 Indoor CPE Summary 
Characteristics and Use Cases: 

• Sometimes will contain LTE/NR modem plus internal residential gateway 
with WiFi modem and router 

• Generally more commonly used on Low Band and some Mid Band 
applications 

• User self-install scenarios save significant costs 
• Used in buildings containing indoor base stations or access points 
• Used in buildings located in close proximity to outdoor base stations 

 
Advantages: 

• Smaller form factor 
• User deployable, may not require professional installer to configure and 

turn on 
• Lower total cost of ownership solution 
• Useful in situations where outdoor mounting might not be allowed 

 
Disadvantages: 

• QoS might not be stable or predictable, especially if CPE is moved from 
designated location or blocked by an object 

• Average and Peak data rates likely significantly lower on Indoor CPE 
compared to Outdoor CPE 

• Millimeter Wave indoor CPE may not work at all mounted behind Low-E 
glass 

Figure 5.2 Examples of Indoor and Outdoor 5G CPEs
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5.2.2 Outdoor CPE Summary 
Characteristics and Use Cases: 

• Contains LTE/NR Modem, which is generally connected to separate indoor 
Residential Gateway via Ethernet. 

• Requires professional installation and setup. 
• Commonly required for High-Band scenarios 

 
Advantages: 

• Reliable, predictable QoS 
• Supports large cell radius, especially if there is good line of sight to the 

Base Station 
• Supports highest data rates 

 
Disadvantages: 

• Requires professional installation and setup 
• Requires a suitable location outdoors which has LoS or nLoS to the Base 

Station 
• Higher Costs

Regarding mmWave, several network operators successfully carried out 
field trials services in 2017, with vendors and OEMs developing 5G CPE 
and network equipment [25]. One of those trials was completed by TIM, 
Ericsson, and Qualcomm Technologies, Inc. The trial reached record speeds 
for ultrabroadband long-distance with 5G technology applied to Fixed Wireless 
Access (FWA). A speed of 1 Gbps on 26 GHz mmWave frequencies at a 
distance of 6.5 kilometers from the site (1Gbps with UDP protocol, 700Mbps 
Speedtest Ookla TCP) was reached on TIM’s live network. This achievement 
was a combination of high gain outdoor antenna installed in good line of 
sight conditions, and advancements to RAN software. This record confirms 
the usability of 5G mmWave spectrum for not only urban, high-speed or high-
density-only deployment, but also for wider 5G FWA coverage.  

5.3 CPE Power Classes for 5G NR
CPE power classes are defined separately by 3GPP for 5G NR between FR1 
(sub-6 GHz) and FR2 mmWave frequency ranges. FR1 power classes are defined 
by max output RF power only without regard to antenna gain, whereas FR2 

Table 5.2: FR1 UE Power Classes
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are defined for both max TRP (Total 
Radiated Power, the sum of the power 
radiated in all directions), and min/
max EIRP (Effective Isotropic Radiated 
Power, which the power radiated in a 
particular direction including antenna 
gain). 

5.3.1 FR1 UE Power Classes
For FR1, 3GPP TS 38.101-1 specifies 
two UE power classes shown in table 
5.2. Note that Class 2 is specifically 
targeted at allowing higher TRP for 
mid-band frequencies, which will be 
commonly used for FWA applications:

5.3.2 FR2 UE Power Classes
For FR2, 3GPP TS 38.101-1 specifies 
two UE power classes as defined in 
table 5.3 for FR2 bands n257, n258, 

Table 5.3: FR2 UE Power Classes

n260, and n261. Note that Power 
Class 1 is intended specifically for FWA 
UEs, and allows significantly higher 
TRP and EIRP than other classes due 
to safety and previously specified 
reasons.

5.4 FWA CPE Performance, 
Capabilities, and 
Applications
5G NR technology provides options for 
FWA service for all types of users and 
settings. Available spectrum combined 
with RF transmission characteristics, 
RF power, and other band-specific 
parameters ultimately determine the 
best use cases for each. Table 5.4 
gives some general information on 
peak throughput capabilities of 5G NR 

Table 5.4 FWA CPE Performance and Application Comparison

FWA CPEs in each band, and some 
guidelines about the most probable 
applications for each based on these 
capabilities as well as economic 
factors.

*Current range based on 2021 
capabilities; these numbers will grow 
higher with additional features coming 
in the future

To provide the best customer service 
and leverage existing network 
configuration, optimally designed 
CPE plays a very important role. It is 
an integral part of FWA architecture, 
and its strategic placement and 
augmented feature set can help 
increase overall performance. 
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6. Security Advantages of 5G based FWA

5G will likely be one of the most significant technological and societal disruptors 
of the decade. It promises to deliver higher bandwidth and greater connectivity 
to enable new services and capabilities that will impact every aspect of our 
lives. 5G is far more than an increase in radio access bandwidth to the user 
equipment—it also includes the cloud-based architecture of the 5G core and 
the capability to support a plethora of things and machines. Use cases include 
autonomous cars, integrated smart cities, augmented reality, interconnected 
social networks and devices, and even 5G-connected cattle for herd 
management on smart farms. 5G will be ubiquitous. 

Proposed 5G architectures are designed to close security gaps from previous 
iterations of cellular networks, but the pervasive nature of 5G introduces new 
security challenges outside the traditional space. 5G’s attractive, transformative 
services will likely introduce threat vectors not yet seen or experienced. 

5G differs from other wireless architectures, and it is susceptible to different 
threats, vulnerabilities, and attacks. Security considerations will examine various 
aspects of software, virtualization, automation, AI/ML and orchestration, as well 
as Radio Access Network (RAN) considerations. 

Use of open-source will continue to increase as 5G operators and vendors 
rely on open-source software to speed delivery of new solutions and reduce 
total cost of ownership. Open-source software can be considered analogous to 
corporations outsourcing functions not related to their core competencies. This 
introduces a new set of security challenges to keep a consistent and coherent 
assurance of security-by-design and prevent resulting security flaws. 

Security considerations exist at the virtualization layer and lower supporting 
layers. This includes the virtualization infrastructure (the NFVI, which holds 
virtual computer, networking, and storage resources), as well as software on 
compute nodes such as hypervisors, host operating systems, and container 
run-time systems. Management and control of the elements mentioned above 
include the virtual infrastructure manager (e.g. OpenStack) and container 
orchestration engines (e.g. Kubernetes) which support the full lifecycle 
management of VNFs and CNFs that carry out the network functions. NFV 
security considerations apply across the entire virtualization infrastructure and 
its management plane.

Multi-Access Edge Computing (MEC) will deliver 5G services from a distributed 
cloud enabling new mobile use cases for consumers, business, and public 
safety. MEC is a distributed cloud with multiple sites that bring the execution 
environment geographically closer to the UE. The main benefits of MEC are low 
latency, high bandwidth, device density, data offload, and trusted computing and 
storage. These benefits enable 5G use cases like enterprise private networks for 
industrial IoT, smart cities, autonomous vehicles, remote surgery, virtual reality, 
cloud gaming, and high-quality video streaming without buffering. However, 
cloud native MEC architecture also introduces new security risks like the use 
of open-source code, more interfaces, and new APIs to introduce new threat 
vectors. Shared hardware resources can result in cross-contamination, and 
vulnerabilities in the shared host platform. Container-as-a-Service (CaaS) and 
Platform-as-a-Service (PaaS) can impact the container security, Containers 
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requiring elevated privileges can cause 
security risk to both host as well as 
other tenant containers, Dependency 
upon central orchestration introduces 
a new threat vector, High data volume 
and sessions increase risk from 
an attack, Applications running in 
a microservice architecture are as 
vulnerable to the same attacks as 
traditional applications. There are 
steps to mitigate this risk: 

• Application developers need 
to practice Security by Design 
utilizing the “Shift Left” and 
“Shift Up” design concepts. Shift 
Left is a development practice 
to prevent defects early in the 
software development process. 
Shift Up is the practice of 
ensuring flawless execution of 
applications inside containers. 

• The cloud native architecture 
must implement Zero-Trust 

Table 6.1 Issues, Recommendations and Standards Status [26]

with secure authentication and 
authorization on the control 
plane.

• IPSec and DTLS should be 
used for control plane and data 
plane protection (as specified in 
3GPP TS 33.501, 5G; Security 
architecture and procedures for 
5G System).

• Perimeter protection can 
be implemented with DDoS 
Protection, Behavior Profiling, 
and Anomaly Detection. 

• Threat Intelligence can be 
leveraged for real-time detection 
and mitigation of malicious 
attacks.

Zero-Trust security, as well as several 
other techniques, can be used to 
mitigate the threats, and various 
recommendations are proposed for 
security. Some potential issues and 
recommendations are listed in table 
6.1.

5G will usher in an age of accelerated 
innovation, but with that promise 
comes the inevitable potential for 
attacks. The telecommunications 
industry needs to be prepared to 
defend against these attacks and 
have mitigation plans in place for 
current and future attack vectors. 
It is important to note that security 
concerns and considerations are 
the same for mobile broadband 
communication and fixed wireless 
communication; any security feature 
that applies to eMBB will apply to FWA. 
There have been ongoing discussion to 
include FWA specific features in future 
releases.

The 5G Americas whitepapers Security 
Considerations for the 5G Era [26] and 
The Evolution of Security in 5G [27] 
cover security aspects in detail.
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7. The Regulatory Environment

The official FCC broadband definition is a minimum of 25 Mbps download and 3 
Mbps upload. This standard was introduced by FCC Chairman Tom Wheeler in 
2015 as an increase to the previous standard of 4 Mbps download and 1 Mbps 
upload. The benchmark increase was deemed necessary due to advances 
in technology, market offerings by broadband providers and consumer 
demand. This would also ensure competitive environment that would serve in 
public interest [12].

This change was also in keeping with FCC Chairman Tom Wheeler’s focus on 
drawing attention to the digital divide in rural areas, as increasing the minimum 
speed results in less favorable coverage statistics [28].

From a public policy perspective, the goals are to ensure that broadband 
deployment is timely and contributes to the nation’s economic growth, that 
industry competes fairly, and that affordable and high-quality service is provided 
to all sectors and geographical locations of American society. 

The latest version of the bipartisan broadband bill defines “broadband” as 
providing at least 100 Mbit/s downloads and 20 Mbit/s uploads, instead of 
symmetrical 100 Mbit/s down and up that was in the earlier versions of the 
proposals. 

The removal of the symmetricity requirement aligns well with typical consumer 
usage which is at least eight times heavier on the downlink. This change is 
favorable for mobile operators enabling them to leverage network resources 
more efficiently to support both mobile and fixed broadband traffic. 

7.1 Performance Advantages for  
FWA CPE versus Mobile device 
CPE performance, historically, has tended to be the limiting factor in 
the overall link performance of mobile networks. However due to the nature 
of FWA, CPEs designed specifically for FWA can take advantage of less strict 
requirements to overcome some of the mobile device limitations. This can 
result in significantly larger cell sizes and higher peak and average data rates 
compared to using mobile devices. Some key differences are:

• Physical Size: Mobile/Handheld devices should be small enough in 
size for a person to carry in their pocket. FWA CPEs can be considerably 
larger, while still meeting aesthetic requirements for mounting in the 
home, on the sides of buildings, etc. 

Table 7.1 Minimum UL DL speed requirements
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• TX Power / 
EIRP Limitations: Mobile/
Handheld device transmitter 
power is often 
limited by Maximum Permissible 
Exposure (MPE) limits due 
to users being in very close 
proximity to the device. FWA 
CPEs (especially outdoor 
types) are not hand-held and 
are generally not installed in 
locations where humans will 
be in close proximity to the 
antennas, so are allowed to 
operate with higher RF power 
and EIRP.

• Antennas and Advanced 
Performance Features: 
Mobile devices in general 
are required to use antennas 
with wide beamwidths and 
low directivity and gain since 
antenna orientation relative 
to the Base Station is not 
predictable and constantly 
varies. FWA CPEs however are 
fixed in one direction and not 
moved, so they can more easily 
take advantage of advanced 
performance features such 
as fixed beamforming for 
greatly improving UL quality 
and consistency, and multiple 
MIMO layers for improving link 
quality and throughput.  Finally a 
mobile device in a beamforming 
system requires some processing 
overhead to be spent keeping 
track of the mobile’s location, 
which is not required for an 
FWA CPE. These features 
combined give FWA CPEs great 
performance advantages over 
mobile devices.

• Performance Limitations Due to 
Battery Life Concerns: Mobile/
Handheld devices are saddled 
with performance compromises 
between battery life and high 
level UL/DL performance. 
FWA CPEs operate in most 
applications from building or 
house power, so therefore can 
be designed offering higher 
performance at the cost of 
increased power consumption.

7.2 Federal Communications 
Commission’s Rule for 
Over-the-Air-Reception 
Devices (OTARD)
FCC rules for Over-the-Air Reception 
Devices (OTARD) protect the rights 
of property owners or tenants to 
install, maintain or use an antenna to 
receive video programming from direct 
broadcast satellites, broadband radio 
services and television broadcast 
stations on areas within the owner’s 
or tenant’s exclusive use. OTARD rules 
also apply to customer antennas that 
receive and transmit fixed wireless 
signals. 

The OTARD Report and Order 
[29] will allow fixed wireless service 
providers to bring faster internet 
speeds, lower latency, and advanced 
applications to rural and underserved 
communities hence gaping digital 
bridge across geographies. The OTARD 
rule also prohibits laws, regulations or 
restrictions imposed by state or local 
governments or private entities that 
impair the ability of antenna users to 
install, maintain or use over-the-air 
reception devices. The rule prohibits 
restrictions that unreasonably delay 
or prevent installation, maintenance 
or use of an antenna; unreasonably 
increase the cost of installation, 
maintenance or use of an antenna; or 
preclude reception of an acceptable 
quality signal. These include any 
restriction by State or local law or 
regulation, including zoning, land-use, 
or building regulations, or any private 
covenant, contract provision, lease 
provision, homeowners’ association 
rule or similar restriction. 

For the OTARD rule to apply, the 
antenna must be installed on property 
within the exclusive use or control 
of the antenna user where the user 
has a direct or indirect ownership or 
leasehold interest in the property upon 
which the antenna is located. There 
are exceptions to OTARD rules, 
including provisions for safety and 
preservation of historic areas. 

The OTARD rule applies to all hub and 
relay antennas that are used for the 
distribution of fixed wireless services 
to multiple customer locations, 

regardless of whether the OTARD are 
used for that purpose, so long as:

• The antenna serves a customer 
on whose premises it is located; 
and

• The service provided by the 
antenna is broadband only. 

• Antennas must still be less 
than one meter in diameter or 
diagonal measurement. 

• The rule applies to property 
where the user has a direct or 
indirect ownership or leasehold 
interest; and 

• Restrictions necessary for safety 
and historic preservation remain 
exempted from the rule
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Conclusion

The COVID-19 pandemic has highlighted the importance of reliable high-speed 
broadband connections to support the work-from-home and learn-from-home 
environment, trend that will persist long after the pandemic. To support that 
demand, it is important that home broadband is strong, reliable, flexible, and 
secure. Despite the growth in both fixed and mobile broadband, there is a large, 
underserved household market. This market can, to a very large extent, be 
served efficiently with FWA, when it is built on the huge installed base and global 
reach of mobile technologies such as LTE and 5G New Radio (NR). 

5G mobile operators are in an advantageous position to cater to the varying 
broadband needs of residential customers by utilizing their assets in an optimal 
way. 5G on low frequency bands, for instance, can enable serving most rural 
and underserved areas with reasonable broadband service with low number of 
sites. Mid-band spectrum could provide an efficient sweet spot from a capacity 
and coverage range perspective. Spectrum carriers ranging from 5 MHz up 
to 100 MHz can deliver high speed broadband service with indoor coverage. 
Mobile operators can also take advantage of both underutilized and undeployed 
spectrum bands to support new and incremental demand from residential 
broadband customers. 

5G technology is a result of a decade long research, standardization, and 
industry collaboration. The technology offers features like beamforming and 
support for higher numerology that aim to provide better coverage and higher 
throughput to users. Features like MU-MIMO are beneficial especially for FWA by 
taking advantage of geographical separation of users to create better and 
multiple orthogonal beams resulting in increased spectral efficiency. In addition, 
new capabilities like network slicing and service differentiation will help elevate 
5G based FWA offering from an end-to-end perspective.

CPE placement is an important aspect of an operator’s overall FWA strategy 
driving customer adoption and influencing profitability of the FWA business. 
Indoor CPEs are preferred due to the convenience of self-installation, but also 
are most applicable to a mid or a low band based FWA product. Outdoor CPEs 
have a high gain antenna that help mitigate propagation challenges inherent 
to higher mmWave bands and can enable extended cell range FWA solution 
especially in rural areas requiring professional installation on the exterior of the 
home. Window mounted solutions are gaining traction as a customer self-install 
solution with benefits of improved link budget of an external antenna.

In summary, both rural and urban geographies present attractive opportunities 
for 5G based residential fixed wireless access services. The rural demographic 
has generally lagged urban counterparts in broadband adoption, but that is 
poised to change as new initiatives such as the BRIDGE Act are put in place to 
secure the funding required to close the digital divide. 

3GPP based mobile operators can bring a viable broadband option to rural and 
underserved areas with rapid and efficient deployment of 5G technologies. 
5G based FWA can help raise the floor of internet speeds and offer consistent 
experience across both rural and urban communities. Residential consumers, 
especially in rural, can benefit from increased choice of broadband providers 
that can help narrow today’s digital divide.



37 Fixed Wireless Access with 5G Networks | November 2021
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3GPP: 3rd-Generation Partnership 
Project

5G: 5th Generation

ADC: Application Detection and 
Control

AMF: Authentication Management 
Field

AOL: America Online

Bridge Act: Broadband Reform and 
Investment to Drive Growth in the 
Economy

CA: Carrier Aggregation

CaaS: Container as a Service

CAFII: Connected America Fund 2

CAGR: Compound Annual Growth 
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CBRS: Citizens Broadband Radio 
Services

CLI: Cross-Link Interference

CMA: Cellular Market Areas

CNF: Conjunctive Normal Form

CPE: Customer Premise Equipment

CSI-RS: Channel State Information 
Reference Signal

CUPS: Control and User Plane 
Separation

DC: Dual Connectivity

DL: Downlink

DNN: Data Network Name

DPI: Deep Packet Inspection

DSL: Digital Subscription Line

DTLS: Datagram Transport Layer 
Security

EB: Exabyte

EIRP: Effective Radiated Isotropic 
Power

EN-DC: E-UTRA New Radio Dual 
Connectivity

FCC: Federal Communications 
Commission

FTTH: Fiber to the Home

FWA: Fixed Wireless Access

GHz: Giga-Hertz

gNB: Next generation Node B

GSMA: Global System for Mobile 
communications Association

HSPA: High-Speed Packet Access

IAB: Integrated Access and Backhaul

ICT: Information and Communication 
Technology

IEEE: Institute of Electrical and 
Electronic Engineers

IMEI: International Mobile Station 
Equipment Identity

IoT: Internet of Things

IP: Internet Protocols

ISDN: Integrated Services Digital 
Network

ISP: Internet Service Provider

ITU: International 
Telecommunications Union

LA: Location Application

LMDS: Local Multipoint distribution 
service

LTE: Long Term Evolution

LTE-A: Long Term Evolution-Advance

MBB: Mobile Broadband

Mbps: Megabits per second

MDU: Multi-Dwelling Unit

MEC: Multi-Access Edge Computing

MHz: Mega Hertz

MIMO: Multiple Inputs Multiple 
Outputs

mmW: Millimeter wave

MU-MIMO: Multi-User MIMO

NFV: Network Functions 
Virtualization

NFVI: Network Function Virtualization 
Infrastructure

NR: New Radio

OFDM: Orthogonal Frequency-
Division Multiplexing

OTARD: Over-the-Air-Reception 
Devices

OVBi: OpenVault Broadband Insight

PaaS: Platform-as-a-Service

PCC: Policy Charging and Control

PCF: Policy Control Function

PEA: Partial Economic Areas

PEI: Permanent Equipment Identifier

PMI: Precoding Matrix Index

POTS: Plain Old Telephone Network

QAM: Quadrature Amplitude 
Modulation
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QoS: Quality of Service

QUIC: Quick UDP Internet 
Connections

RAN: Radio Access Network

RAT: Radio-Access-Technology

RF: Radio Frequency

RFSP: RAT Frequency Selection 
Priority

RIM: Remote Interference 
mechanism

SD: Standard Definition

SINR: Signal Interference to Noise 
Ratio

SME: small and medium size 
enterprise

SMF: Session Management Function

SNI: Service Node Interface

SRS: Sounding Reference Signal

TCP: Transport Control Protocol

TDD: Time Division Duplex

TX: Transmission

UDM: User Data Management

UDR: User Data Request

UE: User Equipment

UHD: Ultra High Definition

UICC: Universal Integrated Circuit 
Card

UL: Uplink

UPF: User Plane Functions

URLLC: Ultra-Reliable Low-Latency 
Communication

VNF: Virtualized Network Functions

VoD: Video on Demand

Wi-Fi: Wireless Fidelity

WiMAX: Wireless Microwave Access
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