becnpoBoAHbIe TEXHO/IOTUN

SON, RAN sharing,
LTE-A/LTE-Pro, LTE-LAA, LWA, Multefire, LTE3.5

Mwuxann byxtees
ApXUTEKTOP N0 MOBUNBbHBIM TeEXHONOrMAM N UHTepeHTy Beluen
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[Tpmep NapTHepPCTBa

HOME > CISCO OFFERS SPIDERCLOUD'S SMALL CELLS SOLUTIONS TO BOOST INDOOR 3G/LTE COVERAGE FOR LARGE ENTERPRISES

Cisco Offers SpiderCloud's Small Cells
Solutions to Boost Indoor 3G/LTE Coverage for
Large Enterprises

Image:

PCC
m mobile broadband
Cisco Offers SpiderCloud's Small Cells Solutions to Boost Indoor 3G/LTE Coverage for Large Enterprises - PCC Mobile Broadband

* https://newsroom.cisco.com/press-release-content?articleld=1601069

* http://www.spidercloud.com/news/news/cisco-offers-spiderclouds-small-cells-solutions-boost-indoor-3glte-coverage-large-
enterpri


https://newsroom.cisco.com/press-release-content?articleId=1601069

[lpMmep NapTHEepPCTBa

Small cell Spider Cloud
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Roadmap (poaaman

TexHosiornueckas AOPOXKHadAd KapTa

MaTepuan na Buknneani — cBoBOAHOM SHUMKIONEaUH [MpaenTs | NPaBUTL BUKW-TEKCT]

Y 3moz0 mepMUuHa cytuecmsyrom u dpyaue 3HaYeHus!, CM. QOPOXHas Kapma.

TexHornornyeckasa JopoxHas Kapta (aHrn. Technology Roadmap) — KpaTKOCPOYHBIA MM JONTOCPOYHLIN NiaH BbINyCcKa Npon3BoanTenemM Kakoro-
nu6o npoaykTa.l!l Yaule Beero aTo HoBas BepcUs UMK PA3BUTHE YK U3BECTHOTO MPOLYKTA, N3MEHEHWIA B KOTOPOM XayT noTpedureny.
TexHonornyeckas LOpPOXHas KapTa MOXeT cofepxaTb cpefcTBa, Noaxodkl U1 NyTW, HeobXoauMble ANA AOCTUXEHUS NOCTaBNeHHLIX BeX. Kak
npaBnno, NoHsATNe «TeXHOMOrMYeckas JopoKHas KapTa» NPUMEHSIETCA K HOBOMY MPOAYKTY, NPoLeccy unn paspabaTsisaemoil TexHonorn. 2]
CoagaHHas KapTa MMeeT TpK1 HanpaBneHns Ucrnonb3osaHus.*] OHa nomoraeT 4oCTMYb KOHCeHEyca B OTHOLWEHUM HaBopa NoTpeGHOCTel 1
TeXHOMNOorui, HeoBXoAUMEIX AN YAOBNETBOPEHWUS 3TUX NoTpebHocTel; oHa obecneynBaeT MexaHuam AN MoMoLK B NPOrHO3UPOBaHWK NpoLecca
pa3paboTKu TEXHOMOMMK; OHa CNYXMUT OCHOBOW [N NOMOLLM B MNaHUPOBaHWK U KOOPAMHALIMW TEXHUYECKUX pa3paboTok.

* https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8
F %D0%B4%D0%BE%D1%80%D0%BE%D0%B6%D0%BD%D0%B0%D1%8F %D0%BA%D0%B0%D1%80%D1%82%D0%B0

Technology roadmap

From Wikipedia, the free encyclopedia

This article needs additional citations for verification. Please help improve this
article by adding citations to reliable sources. Unsourced material may be challenged
and removed. (August 2014) (Learn how and when to remove this template message)

A technology roadmap is a plan that matches short-term and long-term

goals with specific technology solutions to help meet those goals.[!! Itis a

plan that applies to a new product or process, or to an emerging

technology.? SCOPE

il
;

:f Phase II: R

N S LR ) S S B T S AR IR ) I S S A T3] s L RS

* https://en.wikipedia.org/wiki/Technology_roadmap


https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%B4%D0%BE%D1%80%D0%BE%D0%B6%D0%BD%D0%B0%D1%8F_%D0%BA%D0%B0%D1%80%D1%82%D0%B0

https://ru.scribd.com/doc/129741001/Huawei-LTE-Roadmap-and-Solution-for-Mobitel-20121220

[Tomep poagmana Ha nporpammHoe obecnevyeHne ana bC
LTE eRAN FDD Feature Roadmap Overview

Released
Ready for Contract
Planned

Planning

eRAN3.0 eRANG.0 eRAN7.0 and Later

3GPP Release 9

Radio Performance
* Compact Bandwidth
* Flexible User Steering

Service
+ Flash CSFB
+« ETWS

SON
* RACH Optimization

Transportand Security
* IPv6 & IPv4 Dual Stack
* 81, X2 over IPv6

Energy Saving
* PSU Intelligent Sleep Mode

3GPP Release 10

Radio Performance
* UL Intra-eNB CoMP
« AdaptiveICIC
+ Distance based Handover

Service
+ LAl based CSFB

SON
* Network Geographic Observation
+ Coverage Evaluation
» Traffic Map

Transport and Security
* |PSec for IPv6
* Integrated Firewall (L2 & L3)

3GPP Release 10

LTE Advanced
* Carrier Aggregation
« Static TDM elCIC

Radio Performance
* Advanced Receiver
« Control Channel IRC

Service
* CMAS
* Dynamic DRX

SON
* Network Geographic Observation
* Drop Call Analysis
* Sniffer based Rapid Self Configuration
(for Pico & Atom)

Transport and Security
* Ethernet OAM(Y.1731)

3GPP Release 11

LTE Advanced
*» DL 4x2 MU-MIMO
* DL CoMP
» Carrier Aggregation (>2 CC)
* ULSU-MIMO
+ gICIC (CA based)

Radio Performance
* PUCCH CoMP

Service
» eMBMS
* Offload (SIPTO/ LIPA)
« Intelligent Access Class Control

SON
* HetNet MLB

Transport and Security
+ Security Operation Center

2012Q3

HUAWEI TECHNOLOGIES CO., LTD.

2013Q3

Page 7

2 Huawe



https://ru.scribd.com/doc/129741001/Huawei-LTE-Roadmap-and-Solution-for-Mobitel-20121220

[Tomep poagmana Ha nporpammHoe obecnevyeHne ana bC

~ eRAN3.02012Q3
UL Intra-eNodeB CoMP: 10% Cell Edge Throughput Gain

UL CoMP with Co-demodulation & 2*Rx Gain (eRAN3.0, LBBPd1)
Interference Rejection B without comp [} With CoMP

TR~ 10%1

Without CoMP
10% ~ 16% I
Coll2 . K . : - : 7
Cell0
,/ \ / Cell aver age throughput (Mbps) Cell Edge throughput (Mbps)

Intra-eNB CoMP (* Simulation assumption: 10MHz, 2-Sector CoMP)
B

Cell1

UE1l

4*Rx Gain (eRANG6.0, LBBPd2)

39, 3 B without comp [} with ComP
= Gain for UE1: Co-demodulated.
= Gain for UE2: Interference (UE1) Rejection. 5% I .
< Improve capacity, coverage, and compatible with legacy UE Cell average throughput (Mbps)  Cell Edge throughput (Mbps)

(* Simulation assumption: 10MHz, 2-Sector CoMP)



http://www.cisco.com/c/en/us/products/eos-eol-policy.html

[Tormep OCHOBHbIX 3Tanos End-of-sale

Table 1. Standard Guideline for End-of-Life Milestones

Milestone 6mos Day0 1 Year 2 Year 3 Year 4 Year S Year
End-of-Sale Notice Period End-

of-
Operating System Software maintenance support sale See See above
date 4(a) 4(b)

Add or attach new service contracts

Renew service contracts — for HW & Operating System
SW

Hardware Repair or Replacement

Customer Service and Support of HW & Operating
System SW (TAC access & support)

Application Software maintenance support See See above
4(a) 4(c)

Renew service contracts — for Application SW

Customer Service and Support of Application SW
(TAC access & support)



RAN sharing



Moaenn RAN sharing: naccuBHbIN WWAPUHT

O6wan aHTeHHa A4 BCEX ONePaTOPOB « _

Obuw,ana cTorKka an BCce onepaTtopos

2 n bonee pagnomoayns

2 1 bonee CUCTEMHbIX Moayna
\

[Mp¥ NAaCCMBHOM LUAPUHIE HECKOJIbKMMU OMepaTopamMmu Nepencrnonb3yroTcs
TO/IbKO MAaCCUBHbIE 3/IEMEHTbI: aHTEHHbI, CTOMKU U T.4,

Operator A

Operator B

IN/VAS/
Services

IN/VAS/S
ervices

HLR HLR

(//p\

Passive Sharing (Sites, Towers, Antennas)




Moaenun RAN sharing: MORAN

* BC ncnonbsyert otaesibHblE
PaAMOKaHa/bl A1A KaXKA0ro
onepaTtopa (Hanpumep, 10 MTu, y

Onenatopa 1, n 10 Ml'u y onepatopa
2)

e Kakapll onepaTop 13ay4aeT CMOWM
PLMN ID Ha cBOEM KaHasie U MOXeT

HaCTPOWUTb CBOW COBCTBEHHbIE
napameTepsl

* He TpebyeTca nogaepka AaHHOM
$YHKLUMOHANBHOCTM Ha MOBU/IbHOM
yCcTpoicTBe

e AbBOHeHTbl onepatopa 1 moryT
NCNONb30BTab TONbKO “cBon” 10 MIy,

e AbBOHeHTbl onepatopa 1 moryT
NCNONb30BTab TONbKO “cBon” 10 MIy,

Operator A

Operator B

1 aHTeHHa, 1
pagnomoaynb U 0 anH
CUCTEMHbIN moaynb
MCNONb3YIOTCA ANA 2R U ~=m e _
1
6onee onepaTopos |

IN/VAS/S
ervices

|

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
¥

eNodeB

P

Mpn naccuBHom wapuHre MORAN HecCKo/ibKMMUK onepaTopamm

Nnepencnonb3ytoTCA He TO/IbKO TO/IbKO NaccuBHble asiemeHTbl, HO 1 bC 1 RNC

MORAN



RAN Sharing Models: MOCN

* BC NCNnonb3yet oAMH KaHan anAa BCeX

1 aHTeHHa, 1
onepaTopos( Hanpumepa, y paauomoay/b U 0aMH
onepatopoa 1 10 Ml'y nonoca ny CUCTEMHBIA MOaYb , ___ ____ ol
onepatopa 2 10 MIl'u nosoca, MOXHO

MCNO/b3YHOTCA ANA 2“-RT4-~~--__

Mcnonb3oBaTb nosocy 20 Mlw) 6onee onepatopos !

* Ha atom KaHane nsnyyvatotca PLMN ID
BCEX OMEepaTopOB (MOXKET
noTpeboBaTbca ewe n common plmn id
na 3G)

* TpebyeTtca noaaepKka faHHOM
dYHKUMOHaNbHOCTM HA MOBUbHOM

1
1

1

1

1

1

1

1

1

1

1

1

1

1

!

1

y 1
YCTpoUuctsee 1
1

e A60oHeHTbl onepaTtopa 1 moryt
ncnonb3oBaTb Bce 20 Ml

* A6oHeHTbl onepaTtopa 1 moryt
ncnonb3oBaTb Bce 20 Ml

Mpn naccuBHom wapuHre MORAN HecKo/ibKMMUK onepaTopamm

Nnepencnonb3ytoTCA He TO/IbKO TO/IbKO NaccuBHble asiemeHTbl, HO 1 bC 1 RNC

- Operator A
[

Operator B

IN/VAS/ IN/VAS/S
Services

ervices

eNodeB

P

MOCN



Operator A

]
Moaenn RAN sharing: BMpTyanbHbIM OnepaTop B oeeors

IN/VAS/
Services

e BupTyanbHbIN onepaTop NOSHOCTBIO UCNOJb3yeT

IN/VAS/S
MHPPACTPYKTYPY 0ObIYHOrO onepaTopa

ervices

* TpebyTteca ToNbKO CBOA cUCTEMA HSS  #====mmm e ] I

------_,

1
1
b

eNodeB

)

National Roaming, MVNO




Self organized networks (SON)



APXUTEKTYPA
Distributed SON

D ®dyHKumM SON Ha BC

HacTpoiika/ynpasne
HMe PYHKUMAMM
SON

dSON 310 gOononHuUTENbHbIE GYHKLUWN HA
obopyngoBaHMM PpaamMonoacmnCTEMBbI




APXUTEKTYPA
Centrilized SON

CHop AaHHbIX U
NapamMeTpoB C CETH,

aHa/n3, 3arpy3Ka HOBbIX
napameTpoB Ha CeTb

cSON — 3710 gononHUTeNbHaA cnctema, obbIYHO
MY/IbTUTEXHONOIMYHAA U MY/IbTUBEHAOPHAA



SON — self optimized network
Automatic Neighbor relations (ANR)

. Macro Cell .,

* . . *
* *
. ~ o~ *
. #
. *
w* = - L]
* L
L

3 ) @) A & Y B
[ £y o, o . - i r
, - % iy u - -
- —) | =
: o o
- Micro Cells o Pico Cell Femtocells

clusters

Y106bI BO Bpems aAsuxkeHus ot bC1B ctopoHy BC2He 6110 06pbiBa, Ha BC1 gonxHO 6bITh HacTpoeHo “coceactso” (Neighbor relation).
“CocenctBo” MOXKHO HAacTPOUTb BPY4YHYO Uan BC1 moXKeT HacTpOoUTb ero aBTomaTnyeckun (pyHKkumsa ANR)



SON — self optimized network
Dynamic load balancing (anHammnyeckaa banaHcMpPoOBKa Harpy3Kkm)

lIII'-""'l'I"Illil'lll
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| Al wik
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o ‘.‘..3% @Ls ® - Pico Cell Femtocells
clusters

Bonblioe Konnyectso aboHeHTOB B 30He NoKpbiTMA BC1 (neperpyeHa) —y aboHeHTOB OyAeT HM3Kas CKOPOCTb.
CocegHsa BC2 ¢ HebonblWNM Konnyectom aboHeHTOB (HeaorpyrKeHa)



SON — self optimized network
Dynamic load balancing (anHamunyeckaa 6anaHCUMPOBKaA HArpy3Ku)

. Macro Cell .,

i, T
A -
A N S
)
Pico Cell Femtocells

clusters

C NOMOLbIO U3MEHEHUS U3/Ty4aeMOL, MOLLIHOCTU C C NOMOLLbIO U3MeHeHUA napamkeTpos cell reselection/Handover, moXHo caenaTthb Tak,
Y106bl YacTb aBOHEHTOB, KOTOPbIE HAaXOAATCA Ha rpaHuue BC- 1 6binn nogkntoveHsbl K BC1 “nepewnn” Ha BC2. 9To MOXKHO cAKNATb
BPY4YHYIO MM aBTomatudecnku (pyHKkumsa Dynamic load balancing). Pa3rpy3unnu neperpyxeHnyto 6C1



SON — self optimized network
Coverage optimization (onTmmn3auma NOKPbLITUA)

s ¥
"l-
'

Macro Cell

)

~

Pico Cell Femtocells
clusters

HepocTtaTouHoe NOKpbITNE — NPUYNHA O6prBOB 3BOHKOB M HU3KOWM CKOpOCTH MobunbHOro MHTEPHETA



SON — self optimized network
Coverage optimization (onTmmn3auma NOKPbLITUA)

Pico Cell Femtocells
clusters

MOHO CKOPPEKTUPOBATb Yro/l HAKNOHA aHTEHH, YTOObI YBEIMYNTL MOKPbLITHE.
JIn6o BpyyHyto, "Mbo aBToMaTu4Yeckn (pyHKkuma Coverage optimization)



L TE-A/LTE-pro



LTE-Advanced

2012 2013 2014 2015 2016 2017+ 2018+
Rel-8/9 Rel-10/11/12 Rel-13 and beyond
) M
I. . LTE sl | TE Advanced I.te"" L TE Advanced Pro

Mabile broadband Faster, better mobile broadband Path to 5G

Achieving Providing Bringing
Gigabit Class LTE enhanced HetNets new ways to connect
Carrier Aggregation (CA) Interference management LTE Broadcast
FDD/TDD CA Best use of all spectrum LTE Direct (D2D)
LTE-U/LAA Dual connectivity
256-QAM Coordinated multipoint
Advanced MIMO SON+

McTouHuK Qualcomm



Carrier aggregation (arperaumns HecyLmx)

* Arperaums HECKO/IbKUIM YaCTOTHbIX KaHaNoB AN

yBenn4yeHusa nponyckHOM cnocobHocTun ABsa paanomoayns,
Hanpumep LTE1800 w
* Ha cerogHAWHMN MOMEHT 0ObI4YHO 3TO ABa LTE2600 van -
YAaCTOTHbIX KaHanNna COBMELLEHHbIN
pagmomoaynb
* YacToTHble KaHabl MOryT ObITb B O4HOM I TE1800+LTE2600

Anana3oHe (Hanpumep, oba KaHana B AnanasoHe

LTE2600) - 370 Ha3biBaeTca intra-band CA nnu B .
pa3Hax KaHanax (Hanpumep, B LTE1800 1 B My/1bTHAMANA30HHAA
LTE2600) — 310 Ha3biBaeTcs inter-band CA aHTEeHHa

-
-
-

Up to 20 MHz

LTE radio channel 1

A ted "B
Up to 20 MHz ‘ ggreg? e 100 MHz of
data pipe bandwidth

Up to 20 MHz

—

LTE radio channel 4
‘ LTE radio channel 5

McTouyHmK Qualcomm

Up to 20 MHz



Carrier aggregation B Poccumn (2 CA)
https://hi-tech.mail.ru/news/mega-lte-a/

«Mera®oH» 3anycTun B CaHKT- 52 Moanucatscs
[NeTepbypre ceTb LTE Advanced

-
-
-
-

-
—

-
-

-

———_——

1o 300 Méut/c p*taMbiM OBICTPBIM B Poccum.

OMuTpuii CMUpPHOB

CaHkT-TNeTepbypr cT. LeHa B KOMMepPYeCKyHo
akcnnyaTauuto cety LTE Advanced B guanasoHe 2600 MI'y.JHa cerogHsLWwWHMA AeHb ceTb LTE
Advanced oT «Mera®@oHa» 3anylleHa B LleHTpa/lbHOM pauioHe CaHKT-MeTepbypra. o KoHLa
roga nnaHupyeTcs i )

_—_—

-
-
-
-
—————
-
-
-
-
-

ArpernpoBaHbl ABa YaCTOTHbIX
KaHana no 20 Mru,. Nnkosas

N CKOPOCTb Ha KaHane 20 My, —
150 M6/c (MIMO2x2). UTtoro B
cymme 300M6/c

ArperMpoBaHbl 4Ba YaCTOTHbIX
KaHana: 10 u 20 MTlu,. Nnkosas

. CKOPOCTb Ha KaHane 20 My, —
150 M6/c (MIMO2x2), Ha KaHane
10 Mly-75M6/c. WUtoro B cymme
225M6/c

AaHHyto TexHonorn  QoHoBpeMeHHO ¢ «Mera®oHom» onepatop MTC coobLwmn o NpoBeAEHUN YCNELIHOIo
TecTUpoBaHUA HyHKUNOHaNbHOCTK Carrier Aggregatio
Pecnybnuke balwKopTocTaH, B pe3ynibTaTe KOTOPOro bbina 4OCTUIHYTa CKOPOCTb nepegayqu



Carrier aggregation B Poccuun (3 CA)
http://www.macdigger.ru/iphone-ipod/mts-uskorila-lte-set-do-260-
mbits.html

MTC nposena ycrnelwHoe TecTuposaHue pyHkumoHana Carrier Aggregation Ha Tpex
pasHbIX YaCTOTHbLIX AManasoHax KOMMepPYeCKon ceTu. B pamkax TecTupoBaHMa Obinu
obbeauHEeHb! LIaCTDTbl 1800 Mly, 2600 My n 800 Mru,lc CyMMapHOM Norocomn ,u,
MIu. TexHonorua LTE-Advanced, koTopas obbeguHAET Nonockl HaCTOT U3 pa3sHbIX
OnanasoHoB, NO3BONSAET A0 YETbIpEX pa3 YBEMNUYNTbL CKOPOCTM MOBUIMBHOIO MHTEPHETA B
cpaBHeHUU ¢ LTE Ha 4acToTax 2600. TectupoBaHue doyHKUMOHaNa npoxoauno Ha
Kommepyeckon cetu LTE Tenekom-onepartopa, NoCTpOeHHOW Ha obopyaoBaHum
Ericsson. [Ina goctyna B ceTb MODUNBHOM nepenadun AaHHbIX UCMOMb30Banoch
YCTPOUCTBO, crieymanbHo paspabotaHHoe Qualcomm.

«[locne ycrnewHo2o mecmuposaHus agpesayuu 0s8yx yacmom 6 ceHmsbpe
2014, mbl pewunu notimu danbuwe U «CKpecmumae» cpasy mpu 4acmomHbIX
OuanasoHa LTE 800 + LTE 1800 + LTE 2600, komopbie no3sonsom

npedocmasnsims aboHeHmam ckopocmu rnepedayu daHHbIX o 260 Méum/c.



Advanced MIMO

LTE ( He advanced)
nogaepxunsaet MIMO2x2

Relative spectral

Advanced MIMO: sto MIMO ¢ efficiency
ncnonb3oBaHuem bonbluero 4x4 MIMO
KOn4yecTtBa NPUEMHDbLIX U

nepegarwnx aHTeHH 1 _Bx
(Hanpumep, 4 wt. -MIMO4x4, 8

wT.- MIMOS8x8) 2x2 MIMO
MIMO 4x4 paeT BbINTPbILL B 1x
CKOpPOCTHN B 2 pa3a no 4 antennas also support receive
CPaBHEHUIO C MIMO2x2 diversity in 2x2 & 4x2 MIMO setup

MIMO 8x8 paet BbINrpbil B
ckopocTh B 4 pasa no
cpaBHeHuto ¢ MIMO2x2

BaxkHO: MIMo04x4/8x8 moxeT
6bITb MCNONb30BAH, KOTAA
abOHEHT Ha304UTCA B XOPOLLUX
PagMoyCcnoBUAX

( LTE Advanced supports: )

* Downlink MIMO up to 8x8
* Uplink MIMO up to 4x4
» Enhanced multi-user MIMO

* Continues to evolve with FD-MIMO in Rel-13+
A\ J

McTouHuK Qualcomm



Moaynaumm Ha paano nHTepdence bonee BbICOKOro NOPAAKa

e LTE ( He advanced)
moaynaumno 64QAM — 310 6

6UTOB Ha OAUH CUMBON 64-QAM 256-QAM
e B LTE advanced nogaepskKa 1@@%
moaynaumm 256 QAM —aT1o 8 N}
6UTOB Ha CMMBOJ, T.€.
YBenmyeHune nmKkosom [ =ach Symb.oq—@OOOOOOO 88_[Ea°h SYmBoL. ]
represents 6 bits )OO represents 8 bits
CKOpPOCTM Ha 33 %. 00000000 88
00000000 ‘ 00
* BakHo: 256QAM moxeT 00000000 gg
6bIT bUCMOL30BAHO, KOTAA 00000000 ———— 133
abOHEeHT Ha3o0aUTCA B 88888888 bit per transmission §§
XOPOLINX PAANOYCNOBUAX 00000000 00

McTouHuK Qualcomm



MIMO 4x4 n 256 QAM264

https://www.zelax.ru/news/telecom/2016/12/19/mts-

zapuskaet-seti-45g/

3a c4yeT 4Yero nony4aercs ckopoctb go 700 Méut/c

TexHonorndeckme Hosaumm { MIMO 4x4 u mogynauum 256 QAM.

MTC 3anyckaeT cetu 4,5G

MTC npucTtynuna K passepTtbiBaH1io cetei 4,5G no texHonorum LTE Advanced Pro,
KoTopasn obecneunBaeT nepepavy AaHHbIX CO CKOpocTbio go 700 MéuTt/c.

MpaBaa, Noka Ha pblHKe OTCYTCTBYIOT NOAAEPXMBAIOLIME AAHHYI0 TeXHONorMo aboHeHTckme
yCTpoKncTBa.

MTC sanyctuna LTE Advanced Pro

KomnaHuga «MobunbHble Tenecuctemsl» (MTC) obbasuna o 3anycke TexHonorun LTE Advanced Pro
- TaK HasbiBaemoro 4,5G, TeXHONornu, NPOMEXYTOYHOM MeXAY MATbIM U YETBEPTbIM MOKONEHUSIMU
coToBol cBA3un. [aHHaa TexHonormsa obecneynBaeT nepenady ckadmsaHua aaHHbix (downlink) co
ckopocTbio go 700 MéuT/c.

MTC Hauana BHeapeHue LTE Advanced Pro B kpynHbix ropogax. Ha cerogHsawHMn gekk g8 Yde
KoMnaHua obecnieunsaeT nepegavy AaHHbIX 0T Da30BbIX CTaHUMK Ha ckopocTax ad 700 Mout/cek, B
AxyTcke ao 500 Mbut/cek, B CankT-lNeTepbypre cebiwe 400 MbuT/cek, B Mockse - bonee 300
MOuT/cex.

MMEHMHD arperaLl.l"lrU I LYY SIdw vl HFIGIIGJUI_IEA
1800 Ml'y n ¢ TDD-4yactotammn B gnanazone 2,6 [T Kpome Toro, MTc npumenuna gese apyrue

Texrnonorna MIMO 4x4 npeanonaraeT MCNoNb30BaHWEe YETbIpeX aHTEHH ANA Npuema u ang
nepegayn AaHHbiX. Cenvac, B OonbluMHcTBe ciiyydaes, B TexHonorun LTE ncnonbayeTcs pelueHue
MIMO 2x2. YTo kacaetcsa Mmogynauum, To cerndac B cetax LTE ucnonbayetcs mogynauyua 64 QAM
ANS BXOAALWIEro KaHana nepega4vn gaHHolx n 16 QAM ans ncxogsuwero.



Further enhanced Inter-Cell Interference Coordination
Mexba3zoBas KOOPANHALMA C LLeSblo YMEHbLUEHNA MOMEX B
reTeporeHHbIN ceTax

+4 Small
Cells Cells

Capacity scales with small cells added’
LTE Advanced with 2x Spectrum added

McTouHuK Qualcomm



Dual connectivity
[1BOMHOE coeanHeHME

Macro Cell “Anchor”




CoMP (coordinated multi-point)

Coordinated scheduling Coordinated beamforming

‘D Dr

Same or different cell identity across
macro and Remote Radio Head

Central processing/scheduling
(requires low latency fiber)




5G

01/16 01/17 01/18 01/19 01/20

\ 4

5G high level 5G architecture 5G RAN/CN

architecture . protocols
details done
agreed complete

Phase 2 of 5G system architecture (topics: potentially fixed/wireless
convergence, broadcast support, etc.)

Rel-16

(speculative)




L TE-LAA, LWA, Multefire



HoBble TeEXHO/IOTUN/apPXUTEKTYPbI

LTE-U/LAA (Licensed-Assisted Access)
For mobile operators deploying new small

Licensed Spectrum cells anchor channel

LWA (LTE Wi-Fi Aggregation)
For mobile operators enhancing carrier Wi-Fi

MulteFire
Broadens LTE ecosystem to new deployment

; opportunities without a licensed spectrum
Unlicensed Spectrum \ iy P
N anchor S

‘------------—-
N o e

Wi-Fi (ac/ad/ax)
For private users, enterprises, carrier Wi-Fi

UcTouHuK http://www.multefire.org/wp-content/uploads/2016/10/Power-of-MulteFire.pdf



http://www.multefire.org/wp-content/uploads/2016/10/Power-of-MulteFire.pdf

HoBble TeEXHO/IOTUN/apPXUTEKTYPbI

3.5 GHz LTE - AN1A CLUA!

LTE-U :'w oo LAA LWA MulteFire 3.5GHz LTE
5 GHz
Frequency 5GHz(DL)  phase1:DL el leli 5 GHz (DL) 3.5 GHz

WiFi band: DL+UL

phase 2 : DL+UL

Anchored by Licensed
Spectrum

Enable Neutral Host
(DAS replacement)

Interference to/from

Special considerations

Client device availability* 4Q'CY16 2H'CY17




LTE-U/LTE-LAA

|

 LTE-U - >LTE- unlicensed.
e LTE-LAA -> LTE-license assisted access / LTE-U Supplemental\

Downlink (SDL)

* OCHOBHaA uaea — NOMMMO paboTbl LTE B
JINUEH3NOHHOM AMnana3oHe (Hanpumep, 2.6 Mu)

npenada curHana LTE B paanasoHe 51Ty, Licensed FDD Unlicensed
(HennueH3noHHbIN). Llenb — yBenmnyeHmne nponyckHom
CMnocobHoCTw.

* OcHoBHaA npobnema — Kak caenatb TaK, 4Tobbl LTE-
U/LTE-LAA He mewan WiFi, KoTopblit paboTtaeT B
AnanasoHe 5 Ty

* LTE-U 310 peannsayma TexHoN0ormm Ha oOCHOBe penmnsa
R12 c ucnonb3oBaHuem Carrier Sense Adaptive Licensed Unlicensed
Transmission (CSAT)

* LTE-LAA — peannsauma Ha ocHoBe penunsa R13 c¢
ncnosnb3osaHnem Best-Effort Listen-Before-Talk

@8



LWA — LTE WiFi aggregation




LTE-based technology for small cells
operating solely in unlicensed

I\/I U |te FI re | “ ‘ spectrum

Brings enhanced data and voice
services to local area deployments

—-—

Suitable for any band that needs
over-the-air contention for fair
sharing

Broadens the LTE ecosystem to
new and existing wireless providers

3.5 GHz (USA) 5 GHz (Global)
< c
E >
| |
||

Shared with incumbents | | | Unlicensed

GAA general shared access | "' I ‘ spectrum

http://www.multefire.org/wp-content/uploads/2016/10/Power-of-MulteFire.pdf



http://www.multefire.org/wp-content/uploads/2016/10/Power-of-MulteFire.pdf

MCTOYHUKN:
http://www.multefire.org/wp-content/uploads/2016/10/Power-of-MulteFire.pdf
http://www.multefire.org/wp-content/uploads/2016/10/MulteFire_E2E-Architecture.pdf

MulteFire

* Release 1.0 based on 3GPP standards:

Release 13 for downlink (LAA)

Release 14 for uplink (eLAA)

LTE-based radio link

End-to-end architecture, including interworking for ‘neutral hosts’

* In PLMN access mode, the MulteFire RAN is connected to the 3GPP EPC

MulteFire is an additional LTE “sub-type”
Solution can be used by 3GPP PLMNs to extend their capacity or coverage
* In NHN access mode, the MulteFire RAN is connected to a Neutral Host Network

Neutral Host Network is a self-contained “standalone” deployment providing IP services

IP services can be provided to UEs associated with different Participating Service Providers
A 3GPP PLMN can also be a Participating Service Provider m ULTE r IRE
Services of 3GPP PLMNs can be accessed using 3GPP defined Non-3GPP IW models

* These architecture solutions can address different types of deployments


http://www.multefire.org/wp-content/uploads/2016/10/Power-of-MulteFire.pdf

Multifire
ApxuntekTypa PLMN Access Mode

MulteFire-APs are connected to a 3GPP EPC via S1 (S1-U and S1-MME)
MulteFire-AP provides similar functionality as an LTE eNodeB

MulteFire-AP is an eNodeB from the EPC point of view

Tracking Area Codes can be used to differentiate MulteFire RAN from LTE
Seamless mobility is supported between MulteFire RAN and 3GPP RAN
There are some limitations

Mobility between MulteFire cells is fully supported. Both in Radio Resource
Control (RRC) connected mode and in idle mode

Mobility from a MulteFire cell to a 3GPP cell fully is supported. Both in RRC
connected mode and in idle mode

Limitations of mobility from a 3GPP cell to a MulteFire cell. This type of
mobility requires MulteFire support in 3GPP RAN. Mobility can be supported
as a UE functionality without RAN support

MNO
IP Services

3GPP RAN




Multifire
ApxutekTypa Neutral Host Network

« MulteFire cell is connected to an NHN
« NHN is a self-contained network providing IP access

« Participating Service Providers provide subscriptions (e.g. credentials and billing) for users. A 3GPP PLMN can
also be a PSP using USIM-based access authentication (via 3GPP SWa)

« New network elements - Local AAA proxy: A single contact point for external AAA servers, NH-MME: Similar
functionality as MME in LTE, NH-GW: Similar functionality as a combined SGW/PGW in LTE e MulteFire AP:
Similar functionality as an eNodeB in LTE

NHN-ID
PSP-ID’s

Network




Multifire

Neutral Host Network as Untrusted Non-3GPP Access Network

IP Network 3GPPEPC O

~ —LNY

MNO
IP Services

) —(huatony,
Network

Multifire

Neutral Host Network as Trusted Non-3GPP Access Network

3GPP AAA

MulteFire Network 3GPP EPC

E] Uu-M @ @ ﬁ

((ll)) NH-MME | ocal AAA S2a 3GPP AAA
MF AP Q MNO
e al [P IP Services
oca
Services




https://www.thinksmallcell.com/LTE/what-is-cbrs-shared-spectrum-for-in-building-small-cell-wireless.html

3.5 [Tu LTE (ana CLUA)

- A new shared spectrum scheme is being introduced in the US at 3.5GHz called CBRS...

CBRS (Citizens Broadband Radio System) uses TD-LTE to provide a wireless voice and data service at
3.5GHz (3550MHz to 3700MHz). The radio interface is exactly the same as for LTE at other
frequencies, supporting voice, text and data services with seamless mobility. This frequency
allocation spans existing LTE Band 42 (3400MHz to 3600MHz) and LTE Band 43 (3600 to 3800 MHz).

- What's different is the way that the spectrum is assigned to each user. This isn’t sold to operators in
large blocks covering wide geographic areas nor a completely unlicensed free-for-all (such as Wi-Fi).
Instead, use within each building is individually requested and assigned on a case-by-case basis.
Where it is no longer required, it is returned for use by others.



Cnacubo!



