, P ~ Senior Manager
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5G needs spectrum across three ranges

Sub-1 GHz

1-6 GHz
R
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The socio-economic benefits

of mmWave 5G (2020-2034)
RCC Edition

GDP impact of mmWav um by 2034

.

—aa | 12% /i
2025 20
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Use cases for mmWave spectrum
5G: reaching it’s full potential
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A lot at stake = WRC-19

A successful identification of spectrum for IMT under Agenda
ltem 1.13 is vital to realise the full potential of 5G networks

Due to the large amount of
spectrum needed for 5G
services, the range 45.5-

52.6 GHz also needs to be

considered

The GSMA supports the 26 The GSMA also supports

GHz and 40 GHz bands 66-71 GHz

Technical studies show coexistence between IMT and other services is possible

The result will have a major impact on the future of 5G

5 MOBILE CHANGES EVERYTHING



Target bands around the world
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JemMmoHcTpauusa BO3MOXHOCTEN Anana3oHa 26/28 'y Ha YM-2018

B ntoHe 2018 r. opraHmM3oBaHa TpaHcaAUMA co ctagnoHa BOb-ApeHa ¢ 5 VR Kamep
c yrnom o63opa B 180 rpagycoB No NPOBOAHbIM KaHa/laM CBSI3U

1

| TectoBbilh pparmeHT 5G B opuce «Merad®oHa», obecneymn TPaHCAALUIO BUAEO U
ayAMOKOHTEHTA B KOMM/EKTbI BUPTYanbHOM peanbHocTh (VR). Co3aaHo nonHOUEHHoe
BUPTYaNbHOE NPUCYTCTBUE Ha PYyTOONbHOM MaTye C MAaKCUMaAbHbIM NOTPYKEHUEM

PaguonokpbiTne 5GTF B anana3oHe 27578-27875 MIu, TepMmnHanbHoe 0bopyaoBaHue
AQUA (Advanced QoS User-centric Aggregation). Pexxum TDD + arperauua 4x100 My,

+ MIMO 2x2 + moaynauma 64QAM. OgHoBpeMeHHaA WMPOKOMNO/I0CHAA nepesaya CUrHana
B 0AHOM To4Ke Ha 22 VR ycTpoicTBa. 3aaepKKa cmrHana 6 mc. 4K smaeo.




CyuwecTByrowiue nonb3oBaTtenu cnekrtpa 24,25-27,5 Ny B Poccum

Npuemubiin
aamce R MCTEeMbl

- \"~ A4
Y MeXXCNnyTHMKOBOM
T
&1 \ cnyx(6|,| paAuoOCBA3MN
\

CriyTHIN
CCn3, Cxu

Cucremn: CCU3
(naccusHbie) 'f;

i ~__ Boapeicteue ot 5G Ha 3
© " NIMHWIO MEXCMYTHUKOBOM Bospeiicteue ot 5G no
‘ CBI3M BHEMOJIOCHbIM U3ITy4eHNAM
Cuctems! IMT-2020
Cucremn1 CCU3 PdukcuposaHHasa cnyxb6a
\ CnyTHuk CCAN3
,p\ (axTMBHbBIE) PPJ1 v LUNAO
\&
Bospewncteue ot 5G
Bospnencteue ot 5G Ha Ha PPJ1 v BLUM[A < >
. npuemHyto 3CCC 133 L3
N \
| o X (AncTtaHumoHHoe 3oHaMpoBaHMe AN
BN e m——— 3emnn). ®
y ) ’ (@)
e
3C CCN3 IMT-2020

IMT-2020



UcnbiTaHna BC B 6e33xoBON Kamepe

-25 -20 -15 -10 -5 O 5 10 15 20 25 30 35 40 45 50 55 60 o6
42 Mkr1 26.807 0 GHz

0 57,331 dBm

-5
-10
-15
-20
-25

-30

-35
-40
-45

-50

= M.2101 16x16 === 26.81 Ty ropus. === 26.811Tu BepT.
- == 2758 TLU BEDT.  seese° Center 26.8070 GH ) Span 400.0 MH
27.58 TTy Bepr. lNopor wyma M.2101 8x8 #Re'gseéw 15 kHz i VBW 1.5 kHz* Sweep 1?.5?)111001 ptszl

1. WNccnepoBanuck [JHA aktnBHOM aHTeHHOM cucTembl (Massive MIMO) 1 ypoBeHb HEXXenaTernbHbIX U3My4YeHnin (Macka cnektpa).

2. YpoBeHb M3ny4eHnss GOKOBbIX NENECTKOB B BEPXHEW nonycdepe okasancsa Hwke ucnonb3dyemoro B uccnegosaHmsax MCO-R
ypoBHs ans mogenupoBaHue IMT-2020 ansa oueHkn OMC ¢ gpyrumun cnyx6amm (Pek. MC3-R M.2101 8x8) .

3. YpOBHU HexenaTtenbHbIX U3MNy4YeHUn OKasanucb HUXKE YpOBHEN U3 Tekywlen Bepcumn crneundukauum 3GPP TS 38.104.



UccnepoBaHna AMC c PAC dmkcupoBaHHON CnyXObl

BanaHue Ha PP/1 ot 5G B
AnanasoHe 26/28 My,
BO3MOXHO, HO...

C YYETOM HamnpaB/AEHHbIX
CBOMCTB aHTeHH P2C 5G un
®C, a TakKe TpeboBaHMM
MC3-R F.758-6 no
AONroBPeMEeHHbIM MoOMeXam
(3anac Ha 3amupaHuna) 20%
BPEMEHM

50
45 @
40
35
30

————

0 50 100 150 20C
A3uMyT npvixoaa nomexw, rpag.

ﬂ,a]’leOCTb BINUAHUNA NMOMEXMN,

BepoATHOCTb BO3HUKHOBEHUA
KPUTUUYECKMX NOMEXOBbIX
cueHapueB KpalHe HU3Ka U Ha
NPaKTUKE MOXeT bbITb 1erko
peweHa nytem Bbibopa mecta
pasmewieHun bC.




UccnengosaHusa AMC ¢ 3C CCU3 (akTuBHaA) recronan EC

HanpasneHue Ha aBTOrMApOnNoAbEMHUKE
Ha UCTOUYHMUK ;

4.!....*...................

0-e omkn. asumym,
10° yaon mecma

22° no yeny mecma

0-e omkrioHeHue no u 60° no asumymy

asumymy

£ .

lark Marker
7547000000 GH= 3 2347000000 GHz
-47.30 dBm i | -67.10 dBm

Kputnyeckoe nomexosoe Bo3genctame Piif 5G Ha 3CCC Habnroganocb npu
ManbIX yrnax mecTta aHTeHHbl 3CCC (£ 5°), B ychoBuMsaxX NpAMON BUAMMOCTM HA
PaCCTOAHUAX B €4UHULbI KM U NPU B3aMMHOM OPUEHTALMKM aHTEHH APYr Ha gpyra.
Mpobnembl COBMECTMMOCTM MOTYT BbITb peLleHbl 3a cyeT padmelteHna bC Huxke
YPOBHA 3aCTPOMNKM. ooe



Vlccne,qOBava OMC c Apyrumm CnyTHUKOBbIMN CUCTEMaMU

Cucrema CCU3 (naccuBHble)

= AC PCC BbICTynatT 3@ MaKCMMa/IbHO BO3MOXKHble I
OrpaHUYEHMUA, YTO MOXKET NPUBECTYU K YA0POXKAHUIO
obopyaoBaHua IMT-2020 nnm HeaOCTYNHOCTH 1
3HAYUTENIbHOW NOI0CbI PaANOYACTOT. |

* Ha BKP-19 TpebyeTca nonck c6anaHCMpoOBaHHbIX 'Tfo’
YPOBHEeW HexenatenbHbix nanydeHni IMT-2020 gna i 194
3awmTbl CCU3(NaccmBHan), He UCKAOYAOLLMX Giiz 73,60 3380 2385 2400 24232435 2435

byayuwee passutue ceten IMT-2020

Cucrema MCC (meXKcnyTHMKOBOM cBA3M)

u MCCHEAOBaHVIFI, nposoammbie MHOT’MMUM CTPaHaMM, He BblIABUIN CYLLECTBEHHDbIX I'Ip06I'IEM
COBMECTUMOCTW CTaHLMIA MEXKCMYTHUKOBOM CNyKbbl ¢ cuctemamm 5G. MNpobaembl CTaHOBATCA elle
mMmeHbLle Npun NCNoAb30BaHUKM peasibHbIX aHTEHH U KPUTEPUA C/|, YTO AaeT AONOJHUTENbHYIO

yBEPEHHOCTb B BO3MOXHOCTN COBMECTUMOCTHU . fc CﬂO)‘KHO CTaHAapTM3YEMbIe
* [Mo3unuyma AC PPC TpebyeT npuHATUA )

AOMNONHUTENIbHbIX MEP MO BBEAEHMIO XKECTKUX = orpaHudeHus
OrpaHMYeHNIt Ha U3NYYEHNUA B BEPXHIOKO nostycoepy,
HEeKOTOpPbIe U3 KOTOPbIX NPAKTUYECKN HEBO3MOMKHO ..
CTaHAAPTU30BaTb M NPOKOHTPONNPOBATD. =

= Ha BKP-19 TpebyeTtca HaTn npnemnemyto
KOMOWHALUMIO YCI0BUI, Hanpumep, o

Ha ocHoBse npunemnemon TRP n naotHoctn BC. Macka | 2681 T fopus. | —=20.81 [T sepr.




BbIBO[bl

01“
02“

03“

MunoTHble npoeKTbl IMT-2020 nmetoT 6obLLOE 3HAYEHUE ANA U3y4eHUAa byaywmx busHec-kemcos,
TEXHUYECKUX aCMeKTOB U NPUHATUA PEryIATOPHbIX pelleHn no BHeapeHuto ceten IMT-2020.

[nana3oH MM BOJIH yXKe cerogHsa obpasyeT rotosblii Habop 3penbix 6U3HeC NPUMEHEHNI, BOCTPebOBaHHbIX

PbIHKOM.

@ High-speed Broadband in the
Home

High-speed Broadband
in the Office

@'fa =2l

Ultra-low Cost Networks

N
)

()

Dynamic Hotspots

Collaborative Robots

®

I
Y
|-n"

Remote Object Manipulation

u
]

Connected Vehicles (V2X)

0]

Broadband to Special Events

‘? Broadband to Public
Transport

-
G Broadcast-like Services

Virtual or Augmented Reality

Virtual Meeting
Smart Wearables

EP Stationary or Near-stationary
Monitoring Networks

€

CneundunyHbl
ANA MM
ANanasoHoB

77

High-speed Broadband in the Home
and Office

Broadband to Special Events/
Disaster

Industrial Automation

@ Virtual or Augmented Reality

e

Broadband to Public Transport

MpeaBapuUTenbHbie pe3ynbTaTbl UCCNEA0BAHMIN MOKA3bIBAKOT NOTEHLUMANbHYIO AOCTYNHOCTb AMana3oHa 26 Ty,
ANA nMueH3npoBaHmna cnekTpa gna IMT-2020. OgHaKo Ype3MepHO KecTKue orpaHnyeHmna Ha cetn IMT-2020
HUBENNPYIOT TAaKYH0 BO3MOXKHOCTb.
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GLOBAL HARMONISATION OF MILLIMETER WAVE SPECTRUM
FOR IMT-2020

February 2019
Global mobile Suppliers Association
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ABOUT GSA Spectrum reports GSA

See https://gsacom.com/

*  GSA (the Global mobile Suppliers Association) is
the Voice of the Global Mobile Ecosystem and
has been supporting the industry since 1998

*  GSA actively promotes the 3GPP technology and LTEin Uniicensed
spectrum road-map — 3G; 4G; 5G —andis a
single source of information resource for industry
reports and market intelligence

*  GSAreports are free to download and are based S et ¢
on our leading industry database — GAMBoD e erayuor b e

* Regulators can access specific reports and =
consultation responses at
https://gsacom.com/requlators/

»  Regulator members have access to GAMBoD

GSA

Making 26 GHz a
Successful 5G band in

Spectrum for 5G
Networks: Licensing

5G Investments: Trials,
Deployments, Launches -

15 Evolution from LTE to 5G:
P Pl - Global Market Status -

Industry
reports Ecosystem reports

5G Reports
\ https://gsacom.com/gambod/ -
© 2019 Global mobile Suppliers Association



https://gsacom.com/regulators/
https://gsacom.com/
https://gsacom.com/gambod/
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ENABLE A VARIETY OF USE CASES GSA'

iy Enhanced Mobile
o Broadband

Gigabytes in a second
1-10 Mbgn
3D video, UHD screens

o o Work and play in the cloud
Smart Home/Building
Augmented reality

Industry automation

Voice —. Mission critical application
Smart Cly Self Driving Car
Future IMT .
Massive Machine Type Ultra-reliable, Low-latency
Communications e Communications

ITU-R M.2083

© 2019 Global mobile Suppliers Association Source: Recommendation ITU-R M.2083 “IMT Vision - Framework and overall objectives of the future development of IMT for 2020 and beyond”



ENABLE A VARIETY OF FREQUENCY BANDS - EXAMPLES

Low-bands (MHz) Mid-bands (MHz) High-bang:s (Ek!f) )
[ | | BN | o B HERE |
[ — |-;> [N || ]

500 4500 4600

| | 1 & =N 1
700 (in parts) 3400 3¢ 4800 4900 27.0282

3301

4100
L
[ | I AW - | m ]
700 I 3400 3800 4200 24.25 265 275 405 435
1
I China N
| 300 00 %0 4%0 a0 4%0 400 5000 205 27 5 r
600 1 3500 3600 205 295 T s
700 395
I Arab Region I ﬁ m l I l ‘ I
w27 18 3300 3400 0 65 215

2425 105 a3s
[ Africa 1 AN ! | | L | ]
o
3300 3600 24.25 275 37.0 435 66 71

Wide area, deep indoor Capacity and Coverage * Extreme bitrates / low latency

zzzzzzzzzzzzzzzzzzz
9

Key frequency ranges for early 5G NR deployments globally:
I 600/700 MHz, 3.3-5 GHz, 26/28 GHz and 37-43.5 GHz

\
© 2019 Global mobile Suppliers Association




TRIALS

Tests/trials/launches:
201 operators, 83 countries

© GSA 2019

Powered by Bing
© GeoNames, HERE, MSFT, Microsoft, Mavinfo, Thinkware Extract, Wikipedia

© 2019 Global mobile Suppliers Association

GSA'

Spectrum bands used in IMT-2020 / 5G trials, mapped to
3GPP 5G spectrum band allocations (November 2018)

n257,n2s8,2_ [N261.2

nr173, N28,n83, 2. | ; _n7,n38,n41,7
B 15GHz, 8

Other,4____

—_C-Band, 8

-_Nn258, 10
n260, 11

Mid Band

64-86 GHz, 13

Mid Band
High Band [ecsa
2019




COMMERCIAL

GSA'

3GPP Commercial equipment

« Initial 3GPP standard (Rel 15) completed °
*  Work started on release 16

- mmWave frequency bands specified, in
addition to mid and low bands

Frequencies GHz BW MHz
mode

n257 26.5—29.5 50 — 400 TDD
n258 24.25-27.5 50 — 400 TDD
n259 [40.5] - 43.5 50 - 400 TDD
n260 37.0 - 40.0 50 - 400 TDD
n261 27.5-28.35 50 — 400 TDD

5G Infrastructure base stations,
chipsets, 5G/Wi-Fi routers and phones
available 2018 — 2020 to support
frequency bands available

5G Operator commercial deployments
commenced

=

'

I Key frequency ranges for early 5G NR deployments globally:

ng 600/700 MHz, 3.3-5 GHz, 26/28 GHz and 37-43.5 GHz
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Global mobile Suppliers Association

The Industry Voice of the Global Mobile Ecosystem

https://gsacom.com
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How will the industry prepare for 5G?

206 GHz 40 GHz

66 GHz

24.25-27.5 GHz 37-43.5 GHz 66-71 GHz
EESS (passive) EESS (passive) Flexible use for 5G
-32 to -35 Res 752 applies systems
dB(W/200MH2z) Active band
FSS /1SS sharing FSS sharing is a Enabling both IMT
studies show national issue and non-IMT
significant technologies
protection margin
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The growing importance of mobile
backhaul - from now until 2025

The WRC series

Study on Socio-Economic
Benefits of 5G Services Provided
in mmWave Bands

P,

The WRC series
IMT Spectrum Between

GSMA Pubiic Policy Position” /

Spuncar 8

https://www.gsma.com/spectrum/wrc-series

https://www.gsma.com/spectrum/5g-spectrum-guide/
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https://www.gsma.com/spectrum/wp-content/uploads/2018/12/5G-mmWave-benefits.pdf
https://www.gsma.com/spectrum/wp-content/uploads/2018/11/5G-Spectrum-Positions.pdf
https://www.gsma.com/spectrum/wp-content/uploads/2018/11/Mobile-backhaul-options-infog.pdf
https://www.gsma.com/spectrum/wp-content/uploads/2018/11/AI-1.13-Positions.pdf
https://www.gsma.com/spectrum/wp-content/uploads/2018/12/Enabling-IMT-at-WRC-19.pdf

MOBILE
CHANGES
EVERYTHING

mmWaves: unlock the full potential of 5G

MOBILE CHANGES EVERYTHING



