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CopepxaHue goknapa

J Pornb MC3-R B npouecce
cTaHgapTmM3aunum CUCTEM COTOBOW CBA3N
(IMT-2000, IMT-Advanced, IMT-2020)

J ®opmupoBaHmne TpedboBaHUN K CUCTEMAM
IMT-2020 (5G)

J TexHonormyeckme ocobeHHOCTU pa3BUTUS
ceten IMT-Advanced n IMT-2020

1 ObecneyeHne YacTOTHbLIM PECYPCOM
byayLmnx cetem MOBUNLHOIO
LLINPOKOMOSIOCHOro gocTyna



L Co3anaHue paguouHTepdeiicos IMT-2000 (3G)
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Co3paHue pagunonHtepcencon IMT-2000: WCDMA, cdma2000, EDGE/GPRS wu gp.

Co3paHue ctaHgapTusyowmx opraimsauum 3GGP n 3GGP2.



CospnaHue paguouHtepdeincos IMT-Advanced (4G)

[
',__..-"“'Systems deployment*
New elements to
offer new capabilites ) =
of systems beyond A e Spectrum implementation
IMT-2000 =
Vision 't"Requirementsll'r Standards _f Standards\>
\ definition ! definition ,ldevelopment'l enhancemerllt/
. 4 -
Other radio ) Evolution/integration with other \\\
systems | § f ] radiosystems _____f____________ 4 ____ o
[
et Systems deployment
IMT-2000
and future Spectrum implementation
development
Enhancement and related
development of standards
] 1 I | 1 I | | I | | | I 1 1 ’
2000 2003 2006 2009 2012 2015

Inside ITU

Outside ITU

Request
for Proposals

Review

Proposals

ﬁ\_felop,

Evaluations

Consensus
building

Development of
Recommendations

Submit & Evaluate
Technologies

Implementation of

Recommendations

Y

Co3paHue paguonHtepcpencoB IMT-Advanced:
LTE-Advanced n Mobile WIMAX 2.



[ CospnaHue paguouHtepdenicos IMT-2020 (5G) N %
2014 2015 2016 2017 2018 2019 2020
WRC-15 WRC-18/19
i |
5D 5D 5D | 5D 5D 5D 5D 5D 5D 5D 5D | 5D 5D 5D 5D 5D 5D 5D 5D
| | ' ' 423 w24 #25| #26 #27 429 #30 #31 #32 #33| #34 #35 #36

(Rep M.2135)

(IMT-ADV/11 thru 23)

(Rep M.2133)

)

(Rep M.2198)
(Res 56 & 57)

(5/LCCE/2)

1 &2 (Rec.M.2012)

IMT-ADV/1 &2)
LEGEND
(....) Indicates documents used in IMT-Advanced process that could be considered as
“model documents” for new deliverables 5



L OBONUNA cTaHAApPTOB NoAaBwkHoOMK cBsisn B MCO-R

IMT-2020 / 5G

Opyrue ctanaapTbl (Hanpumep
6yaywue Bepcun Wifi, WiGig) IMT-2020 sbiwe 20 Iy

\ IMT-2020 Bbiwe 6 My,

TpeboBaHun

IMT-2020
MuHumanbHble
TpeboBaHuA

IMT-Advanced

MWHUMaNbHblE Evolution towards
TpeboBaHuA IMT-Advanced
IMT-2000
M;“HAJ’;‘iaizble Evolution towards
IMT-2000
TpeboBaHMA

Pre-IMT
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dopmupoBaHue obLuero B3rnsga Ha TpeboBaHus K
IMT-2020 (5G)

5G UK 5G RUS
METIS

Stanford CIS | 2 IMT-2020

UC SWARN  WiIN LAB MOST 8634 5020 and
| - WISDOM beyond

MC3-R PI' 5D



L TpeboBaHus k cetam IMT-2020 no NOKPLITUIO U €MKOCTU
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TpeboBaHusa kK Bo3aMmoxHocTtam IMT-2020

Achiovable A ahility
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Llenu cozpaHusa HoBbIX cuctem IMT (5G):

-OyeHb BbICOKasti EMKOCTb CETMW.

-Mopaepxka 04eHb BbICOKMX NMUKOBbLIX CKOPOCTEN.
-INoBcemecTHada nogaepkka MaccoBbIx coeanHeHnn M2M .
-Mopaepxka pasnnyHbIX NPUMEHEHNI B NOObLIX YCIOBUAX K
panoHax.

-CHWXeHWe aKkcnnyaTtaunoHHbIX 3aTpart, MakcuMarnbHas
3HeproadpdPEeKTUBHOCTb N YCTONYNBOCTb
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Energy Efficiency Mobility

-Mopaeprkka BbICOKMX cTaHA4apToB 6e30nacHOCTN.
-bonee aghpekTMBHOE MUCMONb30BaHWE CnekTpa.
-Moppepxxka camoaHanusa u camoagonTtaumm B CETW.
-Mopaeprkka BbICOKOM MOBUMABHOCTM NPU COXpaHEHUN
BbICOKOIrO Ka4ecTBa YChyr.

-OyeHb Manble 3a4epXKKN U BbICOKasA HAOEXHOCTb.
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[ TpeboBaHus kK Bo3MoXXHOCTAM IMT-2020 (npogomkeHue) ] 1@
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0.1to 1 Gbps millions of connections/Km®

5G Capability Cube ) )
Mobility:  Okm/h ~ 500km/h Connections Density
{ kConnections/km? }

| Subway
mﬂ;%‘:ﬁw’ _ .Lﬁgﬂﬂ "’ Train tation

' Office

""" 102

| Ajtomated , .
Nﬂ;_ ::::;:ghﬁbpsj ” Wobiliy m} Trattic ?{%%@m‘g il i‘"dustrv | |00
>500Kmfh (Vbps/km!? e : ' ;
. \

= Future IMT

IMT Advanced

IMT-2020, KuTaii Hw



TpeboBaHus No aHeproadHeKTMBHOCTU — (@ )
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B3aanmocBsasb PYHKUMOHaMNbHbIX, TEXHONOMMYECKUX U (G
cepBUCHbIX TpeboBaHWi A

o
High Level Requirements Types of Requirements N
@ (H1) A date Traffic & Bandwidth Explosion @ Bottom-Up Requirement driven by the unique feature of the 5G radio access
*  Traffic volume will be increased 1000 times @ Top-Down Requirement to support 5G services
= Video Traffic portion will be major @ Enhancement Requirement to Overcome fundamental limitation of legacy network,

Prevent future potential problems, and Follow the evolution mega trend.

Top Down Requirements

" Brief | Related HL Req_|

@ (H2) Accommodate Signaling Explosion
= Mobility signaling explosion by Small Cell
= Massi ivity due to i d ber of devices
= Bearer control caused by “always-on-apps” of OTT (Over-The-Top) services
* Higher paging complexity caused by | | and  wire-li
accesses

@ (H3) satisfy Operator's Requirement of Profitable Network Infra

S 5 H
* Legacy network can hardly reduce CAPEX and OPEX Description € e Hehen Sequirements '; ? :l
Need to adat i in th hysical network
- a::amrn a e new services in the same p ysical n i Tl Wired/wireless Shall support terminal and/or session mobility to Nl
@ (H4) support Various wireless access technologies and fixed access terminal provide fast handover between wireless and wire-line
* Need to support various types of wireless and wire-line access in the same core switching terminals
network T2  Network Shall be able to build the network based on the 7
= Need to support new 5G RAT on-demand QoS/Qok, charging, and service characteristics
Context aware Shall utilize the various context information (device + 3
T3
best connection  context, user context, environment context, network
context) to provide always best connection/service
T4 Singe ID for Shall recognize a mobile terminal as a single entity v
multiple access regardless of its access network
T5 Fine grained Shall have function to trace the mobile terminal v

location tracking  location in a fine granularity in order to provide
advanced location based service

Bottom-Up Requirements

Cell spectal the aggregats thiceighgut of all users diviced by the y o
R1 ; _&px:l.. o chanmal bandwicth dided by the numiber of celis Rel.ned HL Req.
eficianty [DL: 10 bps/Hzdeell, UL 5 bpssHzroell) 5G Core Network Requiremen HOH H H
Lo R Ba|
the e thesrsticnly achisasbile dats rste which can LU il di.
be asslgned ta a single mabile station assurming emar- Bl Seamless Shall support seamless mobility reg ss of the cell v
R2 Posk el rate Diee comditicns, when all b seoilalls ratin msonices as Mobility types and RATs in the environment where the macro BS,

small cell BS, personal cell, type 1/2 WLAN, and relay
station are mixed and overlapped
B2 Multiple RAT Shall have architecture to support ‘Flow over Multi-RAT" W
interworking to provide the high volume service with low cost and
guarantee the service continuity in spite of the
bandwidth deficiency in a wireless access

Enhancement Requirements

Brief

utilized far Bhe coresponding link
{DL: 50 Ghps, UL 25 Ghps)
% paind al the cumuktive distributian fluncticn (COF) of - oW
the ys=r data rate
DL L Ghps, UL 05 Ghps]
Contral plane lateney: Tpcaly rezsurod o transtian o
timia from dffarens connection modes. e.g. fron da to
active state. (50 mwis)
R4 Labancy Wsar plane latency: the one-way transit tmse botween 2n
=090 packet being swalable a7 the IP layer in the user
femninal base station and the avallabdity of this packes
CPLUG a2 1 lavver in the bese ssationsuser semamal, (1 mas)

el srdpes eser
R'3 cata rate

Cucrema TpeboBaHui K Spy ceTu

: 5G Core Network Requirements H H H H
Sornckility clags is suppeorted IF the traffic channe link can TR I | Descnption ol Kol el s
R v rainainse] whveen e o isorering al ths mazirem S G -
RS Rability smoed I that mabilly class E1 Els:!buted Shall supcz:prt the Idllstnbt;telwtwork al;chlt:ﬁ::ture to v
Shigher than 350 /i rchitacture acccl)m!'n ate anticipate times of traffic
explosion
Hanckrrar tha time duration during which a wsar tarminal canrat d A A A Shall h = R SG FO r u m y
RE&  intermapbon swchangs user plane packets with sy hase station E2 Inter G! all guarantee the service continuity when the v
Hme: 110 s} mability change of anchoring GW occurs frequently in the Ko eﬂ
istri hitectu p
In cedar to accommodate the ssploiive incaase of iture 4§ § o Histibsited stehitectire
E7 freal capacity  mohile data traffic. 50 RAM should be sble o scale-up E Flexible Shall prqide virtualization environment and support V
systam capacity by adding more calk In a target ara Reconfigure 8t to reconhgure and upgrade the core network at low
. R mE e T e S e M i o i Upgrade ._:o;t wnhou? changing the physical network
NS . infrastructure
RE2 P enengy effciency against increased device/netacrk energy

srsrplin egured an 505 wieskess rommonicrlies
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KnioyeBble TexHONornm Ansa Ucnonb3oBaHUA B CUCTEMaX
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HanpaBneHus pa3Butus sapa ceTM U ceTu AocTyna —

rmbkaa obnavyHasa RAN

“Conventional” RAN aas C-RAN Implementation
implementation of LTE — — - - BB-poolin
P < Flexible Functional Split > {FE-pacing)
>g mEmmm—————— 1 === === == - 1
53 [ Netw J ! l [ Netw J i
5o Mgmt | ' Mgmt :
L@ " i | i
[ === == === 1 ! I
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i i k >
i i ' o
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@ MAC . : MAC } =
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MHoroBekTopHO€e pasBuTue paguomHTepgencos

IMT-Advanced 1 IMT-2020

CyuiecTBylLUME U NNaHUPyeMble NOOChI
YyacToT Huxe 6 'y
(1452-1492 MI"u, 3400-3800 MIu)

E@ Passutne
; noaaepXkn manbix
) coT

AAS
Passutne b o,
aKTUBHbIX aHTEHH " \@)
3D beamforming o
High power \"“—'———'—"’/

RRH

Passutne CoMP/MIMO
v ans pacnpe,qeneHHblx

cellular fink @

D20 link

BAU o oo

Mpamas cBsA3b Mexay
TepMuHanamu (B nepsyto
oyepenb Ans
creLw.nonb3oBaTtenei)

Passutune
noaaBneHus
CcoKaHarbHbIX Nomex
B TEpMMHanax

" riartsrancn canceBabon irocaaung

FDD DL oD

Passutune arperauumn B
Hecyuinx, B TOM 4ucne
FDD/TDD /
i
MowHocTb Mepeuncnonb3oBaHne
FDD DL UL FDD gns
TDD DL/UL , HanoxeHHoii cetTu

Yacrora

ManomoLlHbix BC TDD

CoBceM HOBble NOoJIoChbl YacTOT HUXe 6
My 1 HoBble Nonockl Ao nopsgka 20 Ny,

E\@ ﬂ?{b‘m ﬁﬁh E‘, }

"
§ N

He opToroHansHas cxema goctyna.
Passutue elCIC, B TOM yncne ans
O[HOBPEMEHHOrO Npuema v nepegayu
WHdOpMaLMK Ha O4HOM YacToT

(=]
0
o

Irequency::
lMepexon kK HOBOW CTPYKTYype

MHOrO4acTOTHOIrO CUrHarne OTiINYHONM OT
Tekywen cxembl OFDMA

M
axp‘g

Pazpenenve
A\
CyuecmeyroLyue N 5
comel

Manas cota '

\ ‘ a:;,_,ﬂ d
e Ty

qacmom —

Co3spgaHune manblx coT 6e3
KOHTPONbHOro Tpadmka

HoBble nonockbl YacToT Bbiwe nopsaka 20 My

BosBpalleHune k 6ornee nNpocTbiM cXxemam
MOOYNSLUMM KOOUPOBAHUS N CXemam
MYyTbTUMNNIEKCMPOBaHNS
(TDMA/FDMA), HO LWMpUHOW KaHana
3Ha4nTenbHo 6onee 100 MITy,
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Massive MIMO
Beamforming
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byaywun nyHKT noBecTku aHsA BKP-18/19

MNepBoHavyanbHble
npeanoXeHua
lOxxHoI1 Kopeu

~500 Ml'y,
~13

~500 Mly,
~18

~21My

~21MTy

~28

~40

/L

>2 Ty

Bbille
40

L

10

MNepBOHaYaNbHble
npeanoXeHus
MpoeKkra METIS
(EBpocoto3)

~700 MTl'y,

10
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~2 11Ty

Teopetuyeckuin npumep ana 30 Mu;
-MwuHu BC c peweTkon 16x16 (KY 24 nbwn)
-AC c pewletkon 4x4 (KY 12 nbw);

~8ITy

4

4

"~80
>4 Ty,

E !

PaboTta TectoBOM cucTtembl No nogbopy
HaUMy4LWnX NnepeoTparKeHHbIX Nyyen






Pes3ynbTaThl TecTupoBaHus npototTunos ceten IMT-2020
B AvanasoHe 28 Ty

BLER result

Below DOLN

Below 0L1%

Behow 1%

Brlow 30 %

Bolow 250

. gelow S0%

TR

E  Aclow 100%
= W Sy lost

& Los /Mo

5 BLER result

VA 47 o
ms at 1% floor
inside a building

B Below 0.01%
B Below 0.1%

Below 1%

Below 10 %

76 m

Below 25%
Balow 50%

Below 75%

Below 100%

Synic lost

— a - 61 m -

[Tpymep NOKPbITUA BHYTPU nomelleHna B 150 m oT BC (I'IOHI/I)KeHHFaH MOLLIHOCTb)



NMonockl YacToT pacnpeaeneHHble NOABUXHOWN cnyX6e Ha NnepBUYHOMN

MNpeaBapuTenbHble OLeHKM Mo nofnocam 4acToT

OocHoBe BO Bcex Tpex PanoHax MC3-R B ananasoHe 20-50 'y

Existing Global Primary Mobile Allocations

1_ECA Report 25 Mobile in CEPT_ !

Monockl yacTtoT pacnpegernieHHblIe

noABWXHOW cnyx6e Ha NnepBUYHOMN

OCHoBe BO Bcex Tpex PanoHax MC3-R B

avanasoHax 71-76 'y wn 81-86 Ny

I RCOE=IeI0MRE 00 CIFa0R

FPuiiom 1

Pafion T | Paltam 5

CECTPODAITILAT

TR AFHA T CTTVTHAROR AR | kowe- s
TTRITATA S

TEVIRIAHAR CTIY THHEOEAH (Raowes. Jauma)

HACHMIBAHHAR

L HPOR AL T THHE DR A pemsee- Saumn)
ABICEHASR

PATHCTEOATEMREIAA

PATTHORENATENRHAA CNVTHHEOEAA

T 50 CHIFHCREIN 002300 At (S0ckoc-Jenn)
5560

Pacopexenenne mo caykban

40

40

M5, Fs,

R —r
-

40.5

M5, FS,FS5

IM5,M55,RNAV, RNAVSAT

Pation 1

Paiion 2 Paiion 3

81-84

GHKCHPOBAHHASA 5.338A

PHECHPOBAHHAA CITYTHHEOBAA (3emns-xocyoc)
NOIBILAHAA

MOTBIAHAA CTIVTHHKOBASA (3eMua-kocuoc)
PATNOACTPOHOMITUECEAA

Craywfa KOCMHYECKHN HOCTeI0BAHMN (KocMoc-3enta)
5.149 5.561A

54-86

GHEKCHPOBAHHAA 5338A

PHRCHPOBAHHAA CIIVTHHEOBAA (3emas-gocuoc) 5.561B
NOIBILAHAA

PAMIIOACTPOHOMITHECKAA

5.149

He ucknroyvyaeTcss BO3MOXHOCTb HOBbIX pacnpep,eneHMD'l NnoaABUXHOWM C.l1y}K69 Ha nepBVI‘-IHOVI OCHOBe€

18




BnuaHue TexHn4yecknx ocobeHHocTen Ha BbIGoOp U
cornacoBaHue Nonoc 4acToT

@ & &

@ O @
@ @ @
2 CcM
@ O @
®@ @ & o
| oo00000
0000000
2 cM 0000000
0000000
0000000
0000000
vO0O0OOO0O
CTpyKTypa aHTEHHOMN PEeLUETKU Ha yactoTtax Bbiwe 20 My o4yeHb Ana KoMmneHcaunun aKpaHUpoBaHuA
)KEeCTKO CBsi3aHa C ANana3oHOM CUNbHbIN 3PdeKT notpebyeTca ayénuposaHue
4acToT, a eé pa3Mmepbl AOMKHbI 3KpPaHNPOBAHUA NeMeHTaMm aHTeHHbIX PELEToK Aaxe Ans
ObITb NOpsiAKa HECKONMbKMX CM2 Kopnyca v nonb3oBaresiem oAHOro AunanasoHa

Pusnyeckme rabapuTbl aHTEHHbIX PELUETOK U UX XXKECTKas NMPUBA3Ka K Auana3oHy 4acToT genawoT
3aTpyAHUTESNIbHbIM UHTErpauuilo B TepMuHan 6onee 1-2 auana3soHoB 4acToT Bbiwe 20 T wu.
Monocbl YactoT Ha BKP-18/19 oomxHbl ObITb MakCMManbHO rapMOHU3UPOBaHbI U TPeoyrTCA
ach¢ekTMBHbIE MexaHU3Mbl obecnevyeHus AMC ¢ gencTByOLWMUMU Cry>KbaMn pagnocBA3W.
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