Look into 5G Fixed Wireless Access (FWA)
Utilizing both FR1 and FR2 frequencies for maximum
effectiveness
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THE STATE OF THE 5G GLO%MOSYSTEM
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THE STATE OF

5G users vs. 4G users

» use 40 GB of data every month

» stream 2x more video

» spend 1.5x more time on social media
« play mobile games 3x more often

* eMBB is the most common use case
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\EN'FURE SERVICES

flxed wireless brings broadband connectivity
at home, so users can enjoy the same ultra-
fast and reliable 5G experience in the place
they spend much of their time across an
ecosystem of devices.

(DloT

pushes 5G to other use cases and device types.
For example connectivity in 5G smart factories is
enabled with 5G routers and other peripheral
sensor-based devices based on NR-Light/RedCap.

NTN

brings connectivity to areas where there is no
service at all today, especially for mission critical
messaging

XR \N
extended reality services are in the making 60\(\
by the biggest companies of the world. The &
possibility of these devices are endless 6@

fueled by 5G and low latency. Q



5G IS MAKING FWA COMPETI@J\VE‘Z’

FBB technologies de’
Download speeds \Q
ADSL/ GEO LTE E LEO FTTC/ G.Fast HFC 5G FWA ETTH/B
ADSL2 satellites FWA satellites VDSL2 100 Mbps 10 Gbps 1 - 10 Gbps* 2.4 — 40 Gbps
24 Mbps 12 -50 Mbps  up to 100 Mbps 50 — 500 Mbps 200 Mbps — 1 Gbps
||
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| <100 Mbps . <1 Gbps . <40 Gbps

of FBB coQ@ctlons are VDSL
g’ en 2024 and 2025 this technology will not suffice
can not offer more than 100 Mbps, in contrast FWA can N
\\66 offer more for less 66\\
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® Rohde & Schwarz **Source GSMA Intelligence *depends on spectrum band used and cell site density
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THE FWA VALUE PROPOSITICECD)GNN'&
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FWA Positioning \(\de

Targeting new FBB
users in under-served

O

Targeting FBB users who
are looking for faster

00

markets speeds
Complementing Targeting theé‘gipnse
fibre offerings
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® Rohde & Schwarz Source: GSMA Intelligence

FWATCO

10 years TCO FWA
vs. FTTH

When new ducts/poles
are needed

In rural

up to 65% costs saving

In suburban
up to 45% cost saving

In urban
up to 25% cost savings

FBB and FWA Strategy

1. Fiber where viable
2. FWAwhere viable

3. Leo as last resort
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SUBSCRIBER GROWTH

Q42021- Q3 2022
TOTAL BROADBAND NETADDS % OF TOTAL BROADBAND NET ADDS

3.28M

Total Broadband Verizon FWA

21.7%

Total Non-FWA

870K
VERIZON FWA

WHY CUSTOMERS SWITCH

LOWER PRICE

NO ANNUAL CONTRACT OBLIGATION

NEW HOME INTERNET
OPTION AVAILABLE

FASTER SPEEDS 27%

TO BUNDLE HOME INTERNET 23%
WITH WIRELESS

»s: T-Mobile, Institute for Local Se

USAGE TRENDS

496 GB

47868
34168
I I I ] |
l 23% 1%

T-Mobile Industry T-Mobile Industry

Average Monthly DataUsage  Median Monthly Data Usage Use <100 GB pe, month Use >1TB per month




5G OFFERS SIGNIFICANTLY£A$TP€R DL SPEEDS
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LTE FWA max. DL speeds 5G FWA max. DL speeds
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Marketed maximum speed Mbps
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Unique operators maximum stated DL speeds

e
!nicue vperators maximum stated DL speeds

® Rohde & Schwarz Source: GSA FWA Speed Survey



FWA 5G CPE SHIPMENTS O%&H@ﬁISE
(o

Number of devices (Announced)
250

3Q20 4Q20 1Q21 2Q21 1Q22

3050 3030 10354
3.0

® Rohde & Schwarz Source: GSA FWA Survey QO



FWA ESTIMATE ON CPE REVER&NE%*
o
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5G CPE Vendors Estimate
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CPE cost:
100%
$11,920
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$10,000
CPE cost:
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“66 4G Connections 5G Connections e=@=» CPE Revenues in Mil. 60

*Source: ABI Research, Dell‘?\é@ricsson Mobility report 2022
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[ @ Chipsets J?\O\(\G? Modules }

* ASR Microelectronics

* Mediatek

* Qualcomm

» Sequans Communications

o2

* Compal
* Fibocom
* Neoway
* Notion

* Quectel
* Sequans
* SIMCom
o T&W

99 Vendors | &4 Devices |

ATEL

BEC Technologies
Casa Systems
Changhong

Da Ta Technology
Flymodem
Gosuncn
Greenpacket
Huawei

Intelbras

« Jaton Tech. * Smawave

+ Jointeli « TCL

* MeiG Smart Tech. « Tigercel

* MiWire Aps * Tozed Kangwei
« MOBOT o T&W

* NETGEAR + Wavetel

* Nokia « WNC

* Notion « ZTE

* Oppo * Askey

+ Signalinks s Zyxel

Inseego

@ Rohde & Schwarz

*Source: GSA Mobile 4G/5G FWA Device Ecosystem Company Directory
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IMPACT ON CELL RADIUS W %{\[N@?’E ANTENNA GAIN
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Smartp%. +5 dBi +10 dBi +15 dBi \Na
OO X ‘(\
QO\(\ CPE antenna gain (dBi) @ly%ppllcable o
\(\6 utdoor CPEs

Typical for indoor CPEs
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CPE POWER CLASSES FOR 5GNK "
ono° >

FR1 UE Power Classes FR2 UE Power Classes
Classes Max RF Output  Applicable Bands Classes  Max Min/Max EIRP Notes
Power TRP
Power 3 dBm N14 35 dBm 40 dBm/55 dBm FWA UEs n260 min is
Class 1 38 dBm
Power 29 dBm N41 Power 23 dBm 29 dBm/43 dBm Automotive
Class 1.5 Class 2 applications (radar,
26 dBm N41, n77, n78, n79 etc)
Power 23 dBm 22.4 dBm/43 Handheld UEs n260
Class 3 dBm min is 20.6 dBm
Power 23 dBm All other FR1 ban%
Power 23 dBm 34 dBm/43 dBm Non-handheld UEs

cleEs o \(\\Na Class 4 n260 min is 31 d%?i
N\
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NR 200 MH TDD
’ % Add : 8%60‘(\

NR 200 MHz TDD@X\GG OVERALL OPERATOR SOLUTION EXAMPLE

6 GHz - « Utilize existing macro sites, baseband and transport

NR 100 MHz TDD
« Utilize available spare capacity on deployed sub-3

GHz bands for LTE
&— Add: Step 1l * Add NR in TDD mid band

e Add NR in TDD mmWave band with mmW extended
range support

* Add baseband and transport capacity.

3 GHz -

Use all LTE carriers above 1 GHz for MBB and FWA
LTE 20 MHz FDD % Utilize : Step 1 -Add QOS/slice separation
(’L *  Outdoor CPE focus to maximize performance
(o) -Indoor CPE as complement
LTE 20 MHz Utilize : Step 1 (L
& N\
1 GHz - AG 60‘(\
GSNA O\ %
| LTE 0 MHz FDD | \\66
® ~ &
Rohde & Schwarz ~ *Source: Ericsson FWA Handbook



5G CPE REQUIREMENTS - OSPGERA‘FOR PERSPECTIVE Rel.16
&

4 de = I
Spectrum & Ban O‘(\ 5G Enhancements
5G Rel.16 Features Spectral
Efficiency
- 5G SA Features
SRS antenna switching
Mid OUtdoor CPES MIMO enhancements MU-
Sub-6 3CC/4CC > 5CC MIMO
Indoor CPES mmWave 4CC/8CC -> 10CC
Low 7.9 Gbps > 10 Gbps
FR1+FR2 ENDC - FR1+FR2 DC/CA
o J
( - - - \
Speed & Capacity FWA CPE Voice & Services
| J
MO
VolP / Wi-Fi 6/Wi-Fi 7 Network
IMS offloading slicing
features
for CPEs (1
e
2x2 > 4x4 6
\ J AS & J
U
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5G FWA UE TEST REQUlREl\@@NS‘kND SOLUTIONS

Test Types

RF parametric

Goal

Indicators
NR: 3GPP RF TRx test specifi $E

Output power, EVM, OB Iver sensitivity level
BLER, band permutations and CAs etc.

Checks RF TRX performance in accordance with common test
specifications
Mostly required by operators

E2E max. throughput DL/UL per band
CA/ENDC/DC combos

24/7 long duration tests

NSA/SA attach;

Different modulations <1024QAM

Tests to improve customer satisfaction
Tests device behavior to check:
Battery life, thermal status
Firmware regression
Benchmark for selecting wireless module

Functional Operational stability during long connection and CPE under heavy load

throughput : -

Generally, end-device vendor-specific parameters (as well as RF

Latency .

SMS parametric, operator acceptance, OTA tests)

USIM/eSIM authentication

FW versioning
Operator . o e , . , o

Operator-specific test criteria ’L Verifies whether device meets with operator’s test criteria
acceptance o\
Conformance RF/RRM/PCT P (X\\N GCF/PCTRSB certification

g I\

OTA CTIA OTA‘ tgst%ec;?lcation Verifies antenna performance, required by operator?\\N 0
Coexistence W‘ngtence testing with Wi-Fi signaling Ensuring there is no impact between differgnt 52
Security > application message flows SW vulnerability testing 62
Regulatory RF output power, emission mask, spurious emissions CE/ECC certification Q0‘(\

etc.
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The 7t generaticof Wi-Fi for ot

ExtremQ?\Id@?Throughput (EHT) at home, offices ar&d ia‘éfbrles
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A short recap: G“\N?)"L
Technology cornerstoned%ai e Wi-Fi 6 (802.11ax) revolution

o
Resource units Long guard interval Long symbol time

T _» Guard time e.g. 3.2 Us Symbol time -
3
g
£
| “I"?mﬂ%m RU2

RnpnRRR ARk

) 10 15 20ps
» . N . .
# Efficient use of available %@)ﬂu ¢ Avoiding inter-symbol interferences (’L
¢ Multi-user operatig\é\r&.la ency reduction ¢ More efficient use of available resourcesCJ\(\\X\‘6
Q\O\\ S
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Over two generations a six f%lgc.in%?%ase of max throughput
o O

(6] (7]
Wi-Fi 6E (802.11ax) Wi-Fi 7 (802.11be)

Supported bands
Channel bandwidth (MHz)
Transmission scheme
Subcarrier spacing
Guard interval
Spatial streams
Modulation (highest)
Q0
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CMXBO00A . i
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CMIX-B60DA - AF Unit
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OBT - the best
compromise

» Up to 32 NR Layers
» Upto 32 LTE Layers

» 48 layers on air
simultaneously

» 10 GHz RF DL iBW
» Sub8: 400 MHz -

» mmW: 22@@“&42
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NEW IN FR2 New CMX-RF47

SIGNALING

v aw

New CMXHEAD50
. # New

@ - ATS800R

W - o -
+] N
CMXHEADS0 ;
A T Bt .
s 22 - 50 GHz | o -
‘ ’ ® ROHDE&SCHWARZ

ATS800R
Compact Antenna Test Range

3
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R&S CMX500 ONE-BOX TEST SETUP
FOR APPLICATION TESTINSG Unique integrated solution — Simplify your test setup!

@ ¢

INTERNET/
USER BACKEND COMMON GRAPHICAL

— IPv4/IPv6 USER INTERFACE
= .- R&S*CMsquares

> All R&S*CMX500 services are integratad
in R&S*CMsquares, the common
graphical user interface

» It has a dashboard where all application
types can be accessed

» This uriique user interface is controlled
via web GUI

» Tha standardized GUI provides a uniform

SERVER
FUNCTIONALITY

Integrated web services

b-00 e

LA
G e

560 t@h @ o o't

e . S user experience for all Rohda & Schwarz
5G radio communication testers

» All measurements can be manually

s Oy G o 1 0 0 5%

aperated in workspaces or built as
test sequences in the integrated
R&S"CMsequancer graphical scripting

oy (P (0%

il ('. oy Py P O

]

- ' oo 000 =

interface
» Test routines can be remaotely controlied
wvia XLAPI and SCP! interfacas

HTTP

Video

oX
S

APPLICATIONS || i

Measurements and tools

HERE,

Iperf Ping IP tune IP analysis 1P logging DNS monitor QoS

Rohde & Schwarz



CMX500 TOOLCHAIN: CMSQUARES & CONTEST

R&D A Conformance
ral'e]
LTE O 2G 3G LTE C-loT NR
s
R&S®CMsquares R&S®CONTEST
NetOp
R&D R&D
RF Confor- RRM
R&D 3GPP RE signaling application TR LBS PCT
(Caﬁtl)zox) preconfor- tests tests ATE NPT PQA
mance

R&S®CMsquares

®

R&S®CMX500

Rohde & Schwarz

R&S®PATS CATR R&S®NGM200
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Thank you for your atter&gmqf’o
o

“If you want to go fast, go alone.
If you want to 2o  far, L0 z‘ogef/zg;f/”

Aﬁ/can pro verb

#THINKSIX G o

https://www.rohde-schwarz.com/us/knowledge-center/\ y oie) s(t’m aaaaaaaaaaaaaaaa -areas -video-detailpage 251220 -1043073 .html
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https://www.rohde-schwarz.com/us/knowledge-center/videos/-thinksix-main-6g-research-areas-video-detailpage_251220-1043073.html

