))) benopycckui rocygapCcTBeHHbIN / "-ﬁ“
_(f’ ' Benopycckne obnayHble MexayHapogHbin Coto3
YHUBEPCUTET NHPOPMATUKN U .( beCloud V' texHonorn AneKkTpPOCBsA3m
pPagmoaeKTPOHNKN \\ //

«MexayHapoaHbIM onbIT BHegpeHusa aoctyn FWA
Ha OCHOBEe MOOUJIbHbLIX CeTen»

Bagum NockakyxmnH, Skcnept MexayHapogHOro coro3a arnekTpoCcBs3u,
TexHndecknm anpektop Ubiquitous Wireless LLP
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OueHka noTpebHocTu B nepexopae ot PP/l

K TOMOJIOrMN TOUKA — MHOIrotouune Ha 3ape IDU
3G e REroRT IS =R T
Electronic Communications Committee (ECC) AT
within the European Conference of Postal and Telecommunications Administrations (CEPT)
OoDU¢
IDU
RS " oDU
AT IDU
oDUg
IDU AP
GUIDANCE MATERIAL FOR ASSESSING THE SPECTRUM REQUIREMENTS AT _

Sesimbra, October 2002

OF THE FIXED SERVICE TO PROVIDE INFRASTRUCTURE
TO SUPPORT THE UMTS/IMT-2000 NETWORKS

PagwnopernenHble gnanasoHbl 1 YaCcTOTHbIE
nfaHbl, HO B pernoHe CHI HekoTopoe
pacnpocTpaHeHne nonyyunu:

- 10TMTu;

- 261Tu;

- 28ITwu.

HecmoTtpsa Ha Ha3BaHue FWA no ¢akTy He ABAANIOCH
TeXHO/IOTuen ANA NoAKAIOUEeHUA aboHeHTOB
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Mpumep apxutektypbl cetn Fixed WiMAX Mobile WiMAX kak texHonorus IMT-Advanced

112 Pex. MC3-R M.2012-1
Tpuiokenne 2 TABJINIIA 2.1
o TexmoTOHH Wir AN-Advanced Hapamerpert OFDMA
E 1oI0ca 9acToT KaHana (MI'm) S 7 8,75 10 20
Boeaenme Koo JHCKpeTH3AMIH 28/25 87 | 87 28/25 28/25
IMT-Advanced sBisieTcss cHCTeMOil, paspabaTsiBaeMoll BO BCeM MIpe, I CHeIIIQUKAIINI HA3eMHBIX YacroTa murckpetnzami (MI'm) 5,6 8 10 11,2 224
ficon cnerem dvanced B et et Pasvep BIID 512 1024 [ 1024 | 1024 2048
MC3 B comp; co GCSP u Pasmoc (<T'1r) 1094 | 781 | 9,76 | 1094 10,94
opeanusayusuu. B 1oxyserte IMT-ADV/24(Rev} 1) orvesaeres, sto: - 2 : : :
P " ::;‘s 5 Red 1) RITV/SRIT'S . IlonesHast JNTHTeIbHOCTH cHMBoNa 7, (MKC) 91,429 128 1024 | 91,429 91,429
- cmoponnux HOMmKeH GHITS OLHIN 113 CIMOPOHANKOG o
o 1 fomRn e - MR pas s bt cumBona T (MKc) 102,857 | 144 | 1152 [ 102,857 | 102,857
it B GCS B Komaectso cumBoioB OFDM B kajipe
¢ TexHoTOT e, i P MC3-R M.2012; FDD | umrensHocTRO 5 Mc 48 34 43 48 48
s N U — - : g i) R e e TR
s
TEXHOJOTHI | TAKKe IOTUKHA IMeTh, npasa Ha T m“;ﬁgg‘;‘o“?m‘m OFDM B kazipe 47 33 4 47 47
Hance . s GCS n ) s g?’“‘” Gerte Taioke TTG + RTG (MKe) 165,714 | 248 | 161,6 | 165,714 | 165,714
oGpasom B c R 9-4 11
MCAOR "mo sraza Mo i s T cumBona T (MKC) 97,143 | 136 | 108,8 | 97,143 | 97,143
pabory rpymm 1t apyrim  npmuxTs, yamerme n Komectso ciumBotos OFDM B Kajipe 51 36 45 51 51
IP Edl ige Router I3y 9eHNI KOHKPETHETX BOnpocos” (Pesomom MC-R 9-4). @ FDD | JUIHTEIBHOCTBIO 5 MC N
MC?D yCTaHOBIIT II0GaTsHEe 1l BCeOSIIIe PaMKIl It a Takke I T,=1/16 T, E HHTepBAT (MKC) 45,71 104 | 104 | 4571 45,71
OCHOBHYIO BMecTe  cO GCS. T Komuectso cumponos OFDM B kajpe s0 35 44 s0 50
BMecTe co GCS, Basmt Ha cebs 0GTATETBETEO 1O PaspaboTke TDD | AUHTENBHOCTHIO 5 MC
it Tlostomy B it macto copuTn Ha TTG + RTG (mxc) 142,853 | 240 | 212,8 | 142,853 | 142,853
paspaGotasmuste wssHe cnenmipuxanmL. Jimr cnvBorna T, (MKe) 114,286 | 160 128 | 114,286 | 114,286
Taxofl MoAXOX 61 MPNSHAH HanGOTee MOTXOANIM peIISHNEM 1A OGECHEteHNA BOMOKHOCTI Kormectso ciMportos OFDM B kanpe
T ii P n B KpaTuail CPOKIL MC3, n FDD | JIHTEIBHOCTBIO 5 MC 43 31 39 43 3
u =P E i ) 85694 | 40 | 8 | 85694 | 85694
Taxi 0Gpazo, P Gita c B nOMHOIT Mepe Toro 2 @ T T S R e
MeToxa pabotsi 1 ¢ cpokon ii OcHoBHofi TekeT HacTomeii L | AT 5o 42 30 37 42 42
Pekoyengamm 6su1 paspaboran MCD. B xamaom cosutkn ©
P - TTG + RTG (mKc) 19998 | 200 | 264 | 199,98 | 199,98
B 11 2 2 MC3 n IEEE
(cmoponsux GCS), a taxxe IEEE, ARIB, TTA, ITRI u ®opymom WiMAX (mpancnonupyrousue
opeanusayuu). VICTOE30BaHIe MEXHIGMA CCHUIOK TO3BOTAET CBOCBPEMEHHO 3ABEPIITH Pa3paGoOTKy 1t
OCYIeCTBANTS OGHOBICHI IMEIOMIIX GOTBIIYI0 BUKHOCTS EMCHTOB HacTosmell Pexoverammi c
[pOBECHIIeM HEOGXONIMBIX MPONEIYP KOHTPOTL ii n o
B 31 B OCHOBHOM Ges i ¢
100/ 1000 BaseT yieTom [ESsam— noBTOpHOTO paborsi, @ Tawe
T I o mpomecca i
Ormvewas, 10 o ficad B OCHOBHOM CTeAyeT MOMy<aTh MyTen
x paborst i, B obment
He TOTEKO pons MCD xak
12 paspagorana IEEE B kauectse Adve A it B ctanzapt IEEE Std 802.16
nocre yTBep&aeHia cranzapra IEEE Std 802.16m.
13 T'noGarsmas ocHoBHAS CrieunHKAILLA.
14 Texmozorua pazmomnTepdeitca.
15

OtcyTtcTBMe noaaep>xku FDD, cnoXxHOCTb nHterpaumm B 2G/3G n paspabortka LTE npusenn k
npekpaweHuto pazsutua WiMAX

dopym MeKayHapoaHOro colo3a 31eKTPOCBA3U « TeXxHONorMm cBAsun byayLiero»

Pecnybnnka benapyco, r. MuHck, 17-18 mapta 2026




3HaunTeNbHbIN YaCTOTHbIN PECYPC U COBPEMEHHbIE€ TEXHOJIOTUN
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CrpaHbl ¢ 3anyuieHHbIMK cetamu 5G FWA PacnpeaeneHnue texHonorunii FWA B pernoHax

mLTE m5G
B Onetothree M Fourtofive M Sixto 10 M More than 10
134 134
107
71
61
> 49
44
20
17
’ B Il
Europe North America Latin America Middle East Asia-Pacific
and Caribbean and Africa

UcTouHmK: GSA, HoAbpb 2025
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PacnpepaeneHne pexknammpyemomn ckopoctu B cetax LTE FWA

Marketed maximum speed

Tunbl Tapudpukauum ycnyr FWA (o)

2,500
ELTE m5G

2,000

1,500

Volume
— &
1,000
s N 0 oo
Unique operators' maximum stated download speeds
C E
Both o
. - PacnpepgeneHve pekiaMMpyemMoii CKOpocTH B ceTax 5G FWA
Marketed maximum speed
I o
Other 6,000
— &
5,000
wae T 000
—
3,000
3HauuTeNIbHbIN CKAYOK B 2,000 |,
CKOPOCTU NepeAaun AaHHbIX
eLasmmssmimentl T
UcTouHmK: GSA, Hoabpb 2025 NPOBOAHBLIMU TEXHONOTUAMMN  © | S A T “l
- UOniqucoperators' maximum stated download speeds
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MUcTouHumK: Ericsson, Hosbpb 2025
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A6oHeHTbl FWA noteHuMasibHO MOryT

CHU3UTb AOCTYNMHOCTb CETU ANA MOBU/IbHBIX
eMKOCTH _

BECﬂpOBOAHbIe ceéTn orpaHnYeHbl no

,000 . . - .
1 FWA Subscription vs Traffic Share (2024 to 2030)
810 homes
with 2GB/h 400
800 -
i 3.75 34
2 g
] — 3.50 —
_qu_ 600 % - 32 §
o 405 homes < o
s with 4GB/h » 3.25 ©
: 5 5
é 400 270 homes = 3.00 -30 U
= with 2GB/h 2 =
T ] ©
8 2.75 =
200 i -28 %
2.50
=
o 2.25
o) 1 2 3 4 5 6 - 26
Average DL busy hour consumption [GB/h] 2.00F
2024 2025 2026 2027 2028 2029 2030
[ 100MHz mid band @—e 600GB/month DL year 1,28% CAGR Year

100MHz mid band + @ 900GB/month DL year 1,10% CAGR
. 400MHz mmWave

MNcTouHuK: Ericsson, Hoabpb 2025
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QPSK = Low
throughput
2 bits per symbol

2.4 bits per
symbol

4 bits per
symbol

16 QAM=
4.8 bits per Medium 8 bits per
symbol throughput symbol

4 bits per symbol

1.00
At Capacity serving 40 customers

Represents 10 houses as an example
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Uuncno mopeneun tepmmnHanos 5G FWA KonunuecTtBo onepaTtopos, npeanararoLmx
TepmuHanbl FWA B cBOMX peTtenn cetax

HLTE W5G

I 318
I 161

Indoor only

Bl 2
o

Outdoor only
Outdoor CPE,

141

o, N 66
B so

Indoor CPE, No data - 33

312 B o
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Spectrum & Bands 5G Enhancements

5G Features Spectral
Efficiency
5G SA Features
SRS antenna switching
OUtdoor CPES MIMO enhancements MU-
Sub-6 3CC/4CC = 5CC MIMO
Indoor CP ES mmWave 4CC/8CC - 10CC
7.9 Gbps > 10 Gbps
FR1+FR2 ENDC - FR1+FR2 DC/CA

Speed & Capacity Voice & Services

N

Aggregation Massive MIMO

Wi-Fi 6/Wi-Fi 7 Network
+ il offloading slicing

LTE NR R features

iy for CPEs

+

NR NR

(.

-

@) Rohde & Schwarz

®opym MexayHapoaHOro cor3a 31eKTpocBaA3mn « TexHonormm ceasm byayuiero» @
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the 3 pillars of 5G FWA

the network ((( )))

Resource management that allows 5G
MBB & 5G FWA to coexist

Analytics that let you know where to sell
5G FWA and where to build additional .
5G capacity. request call the service

A platform that lets you manage the
customer experience, from onboarding
to everyday use.

the CPE

High spectral efficiency

High-quality wifi (Y
Smart user interface

Network probe

With proactive support

A 5G smart router... thelO1™

all 3 need to be engineered & integrated to offer an end-to-end managed service

dopym MeKayHapoaHOro colo3a 31eKTPOCBA3U « TeXxHONorMm cBAsun byayLiero»

Pecnybnnka benapyco, r. MuHck, 17-18 mapta 2026



We need new data models

where to target where to build where to sell

: vy |
= : .,
. { = [= :
L
o R EeT
g -
{ Slr;.;m 's":,:m ._ % .:r\
\ L A
S, : J\\,.
— N
signal & experience
market insights capacity & planning Sredlclih
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FWA network engineering requires different configuration & optimization vs 5G MBB

static data \ o '\go N
Height, Tilt, Azimuth, CM Data

reference data — ;

Cluster data, topography

+ CPE network
probe data

Where to build

performance data Where to sell

MR dataq, Drive test data

We use a combination of traditional NPO data combined with thel01 probe data to generate analytic
models for in/out coverage prediction and capacity modelling.

dopym MeKayHapoaHOro colo3a 31eKTPOCBA3U « TeXxHONorMm cBAsun byayLiero»

Pecnybnnka benapyco, r. MuHck, 17-18 mapta 2026



It is more than device management

Device management Customer experience management

nnnnnnnnnn

update currently 4 [ oyt
in progress. \ i \ -
do not power off + 5 ,v"’ tolerance breaches
the device. k.. N ' X
IJ: o ;5 ‘:; i) i “6 s !-6
9 ' . ——
BT ' "ML Ao Arhas AN
B . NV YV VVVANVNVY
Fully managed Proactive monitoring of tolerance &
firmware-over-the-air updates virtual boundary breaches

Rain ucnonab3syer B cBoeun cetn tonbko CPE MIMO
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Home Wireless Access (HWA) Solutions for Unserved and

Underserved Communities

A Connecting
. a unconnected
homes and

Around bBMsinesmes households
without fixed broadband globally in
emerging markets as well as rural

areas of more developed markets.

Secondary homes

an i
L) L]

X !

As many people want broadband
connectivity for leisure and/or work.

Underserved

o S Cable Alternative

FWA is an alternative for cable
subscribers when there is no
other choice of fixed broadband
provider, with lower cost and/or
higher speeds.

° % Fiber Alternative

FWA can be viable where there is
only one Fiber provider, and
consumers want choice.

° ‘ DSI Replacement

DSL replacement for service
providers delivering broadband
over copper-based local loops to
provide higher speeds and reduced
network operation costs.

oIII

! l SME Opportunity

SME is typically for connectivity

solutions, primarily addressing
premises with fewer than 100
employees.

FBB Penetration,
2023

A 15

(13 of 73Mn HH)

'

|

FWA in Indonesia will focus to some segments that still have
limitation in accessing digital informﬁonlconnecﬁvity, such
as : SME [ UMKM & Unconnected homes (mostrural), and
other segment such as xDSL old tech replacement, Fiber
challenger, cutting cable, secondary home
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Telkomsel

M-MIMO becomes a Key Enabler for HWA

The beamforming, single-user (SU), and multiuser (MU) MIMO enhance the user experience, capacity,
and coverage.

2.3 Ghz Large Bandwidth Massive MIMO Solution sample Event (Sail Nias)
2200
200
1800 Massive MIMO
900
Large BW Improves Cell Throughput
s
26x .
w2 "y
L4x High nise building, dense areq,

= ’ . I special event, stadium concert,
) very dense population areq, etc.
FDOZM TR OO S BTER TOO 500 SATER

| ‘.‘ 2.5X MM Capacity Gain* 1x Sector MM handle 900+ users
: ‘ iibbdiaismig spaatigla mu‘;.!m:g' 2300 MHz with 16 layers MM, can handle
' 18% HVC bung 50% . A
236 large mbmmm.,,‘, : | spatial diversity, and Multiuser MIMO features 88?“;3:2 gevo)users in the peak time

"HVC Charriistcs: Mo seraive 13 network spesd (*) depend on the traffic profile and deployment scenarios
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Telkomsel HWA Strategy Penetration

Off The Grid

In Full Swing

Chip Away

Telkomsel

Cast A Wider Net

+ To capture market
household with no

Objective fiber coverage

FWA solution to
accelerate home
broadband solutionin
high fiber utilization

* To expand our services
in clusters where there
are high barriers to
fiber entry

* To capture marketin sub
urban / rural residential area
where household and infra
readiness is scattered with
minimMmum ccpex

+ Blue ocean /
untapped market

* No FBB provider
presence

- 4Glarge BW

Solution * No guaranteed
throughput

dared
Household
»
- ¥ @ T Telkom indonesia
.:; !2° @ PT.Cybenndo Adiama
3 N, & Banet Netwons
e T, @ frstMeda
sl @ My Repubiic ID
/7 2 2.9% '
RSP v, ODP
/ Pty @ RED () VELOW @ GREEN
A o

/Y Bt

Indihome fortress, market
is already mature

Competition is low

5GLarge BW
Guaranteed throughput

FWA as temporary solution
as fiber capacity
upgraded

Household
@ #7 Telom indonesia

@ 1 Coenndo Asuma

@ Buret Netwons
1 & Fihedia
y . My Repubic ID

ODP

. @RID O YELOW @ GREEN

Competitor fortress

Almost non-existent fiber
subs & infrastructure

4G & 5G combined large BW
Guaranteed throughput

Aggressive product pricing
for acquisition

@0
@0 -
+ Scattered
+ heuekhaldl areq, preferably
household with no need for
modem mobilization
* FWA new product using
Wireless Extender
* No guaranteed throughput
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Per- Mobile Fixed Mobile Fixed
centage broad- broad- broad- broad-
Percent- of the band band Mobile Fixed band band Mobile Fixed
Mobile age of popu- Internet Internet data and broad- Mobile Internet Internet data and broad-
House- broad- the pop- lation | traffic per traffic voice high band Indi- House- broad- traffic per traffic voice high band Indi-
Indi- holds band ulation covered mobile per fixed | consump- [ Internet | viduals Indi- holds band mobile perfixed | consump- | Internet | viduals
viduals with subscrip- | covered by at broad- broad- tion bas- basket who viduals with subscrip- broad- broad- tion bas- basket who
using Internet tions by at leasta band band ket price price own a using Internet tions band band ket price price own a
the access per 100 | leasta 3G | AG/LTE | subscrip- | subscrip- (as % of (as % of | mobile the access per 100 subscrip- | subscrip- (as % of (as % of | mobile
Inter- athome inhabi- mobile mobile tions tions GNI per GNl per | phone Inter- athome inhabi- tions tions GNlper | GNlper | phone
Country net (%) (%) tants network | network (GB) (GB) capita) capita) (96) net (%) (%) tants (GB) (GB) capita) capita) (%)
Barbados 80.01 82.11 64.7% 100.0% 99.0% n.a. n.a. 3.1 3.6 86.31 84.2 86.4 431 99.4 n.a. n.a. 89.8 921 90.8
Belarus 21:5 92.5 103.7 99.9 98.4 166.0 2005.3 1.2 0.7 97.6 26.3 97.4 69.2 99.0 82.3 82.6 99.1 100.0 100.0
Belgium 94.6 94.5 97.4 100.0 100.0 78.1 3255.6 0.5 0.7 87.2 99.6 99.5 649 100.0 70.3 87.8 100.0 100.0 91.8
Benin 32.2¢ 34.41 50.1 85.0 80.0 39.6 17581 12.2 23.8 61.31 339 36.2 33.4 82.0 59.6 81.1 449 293 64.5
Bhutan 88.41 99.61 96.8 7.0 7.0 205.6 7.8 2.0 2.6 89.2¢ 93.1 100.0 64.5 77.0 85.7 46.6 95.0 94.9 93.9

Bosnia and

G20z xepujwswdolenrsd 1Dl YL

Herzegovina 83.4 81.6 69.9 99.0 99.0 83.4 4798.0 19 1.7 87.9% 87.8 85.8 46.6 99.0 71.4 92.0 95.6 97.8 92.6
Botswana 81.41 75.3t 1.9 98.0 91.0 67.8 921.8 2.8 6.1 90.61 85.6 79.2 74.6 93.8 68.1 74.1 91.3 84.2 95.3
Brazil 84.2 84.1 97.5 93.4 93.2 61.7 1701.9 0.8 27 88.1 88.6 88.5 65.0 93.3 66.6 80.8 100.0 94.8 92.8
Brunei

Darussalam 99.0% 95.0% 118.8 99.1 99.0 106.3 5540.9 0.5 0.9 91.8% 100.0 100.0 79.2 99.1 75.2 93.6 100.0 100.0 96.7
Bulgaria 80.4 88.5 118.0 100.0 9.9 167.8 32479 1.3 1.3 93.61 84.6 93.2 78.6 29.9 82.5 87.8 98.4 99.2 98.5
Burundi 1.1 n.a. 10.3 53.2 322 65.4 1981.7 52.5 n.a. 21.01 1.7 n.a. 6.8 40.6 67.5 82.4 0.0 n.a. 22.1
Cabo Verde 73.5t 75.4t 100.8 94.2 84.7 571 2766.3 2.1 2.2 84.21 77.4 79.4 67.2 88.5 65.3 86.1 94.8 96.3 88.6
Cambodia 60.7t 73.61 109.2 93.1 231 221.0 n.a. 2.8 12.7 79.4% 63.9 77.5 72.8 231 86.9 n.a. 91.0 63.7 83.6
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