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Agenda

m Status of carrier aggregation
m RF aspects of carrier aggregation
m New topic of carrier aggregation




Shannon’s Law

‘ ~ More E.g. Mitigate
8 spectrum interference
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Still ways to improve system capacity
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m /ncrease number of antennas : MIMO, Massive MIMO,..
m /ncrease bandwidth : Carrier aggregation, towards m|II|meter-wave,...
m /mprove SNR : elCIC, antenna array,...

[Ref] : “LTE Advanced — Evolving and expanding in to new frontiers”, Qualcomm, Aug. 2014
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LTE Advanced brings different dimensions of improvements

Leverage wider bandwidth T ,
:m Carrier Higher
Carrier aggregation across multiple carriers, [ cecwmes | aggregation B _,P data rates
multiple bands, and across licensed and — g (bps)
unlicensed spectrum
) Y e ) |
everage more antennas ) Wl ., ) ngher spectra|
) { MIMO 3 ) efficiency
Downlink MIMO up to 8x8, enhanced Multi User ) e ) (bps/Hz)
MIMO and uplink MIMO up to 4x4
Leverage HetNets Highcr spectral
efficiency per
With advanced interference coverage area
management (FelCIC/IC) (bps/Hz/km?)

Small Cell Range Expansion

[Ref] : “LTE Advanced — Evolving and expanding in to new frontiers”, Qualcomm, Aug. 2014
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3GPP Spec.

Q -0 Releases of 3GPP ,%@
gL~ =

Specrflcatlons A GLOBAL INITIATIVE
1999 | 2000} 2001 | 2002 | 2003 | 2004 | 2005 2006 | 2007 | 2008 | 2009 | 2010 2011} 2012 2013 >

Release 99| W-CDMA
Release 4| 1.28Mcps TDD
Release 5| HSDPA

Release 6 HSUPA, MBMS

l Release 7 | HSPA+ (MIMO, HOM etc.)

b 4

ITU-R M.1457 «—— Release 8| LTE
IMT-2000 Recommendation |“™———
Release 9

Apprt')vefi at ITU-R WP5D
ITU-R M.[IMT.RSPEC] <-[ meetingn Oct. 2010 as Ey_]— Release 10
IMT-Advanced
Recommendation

Inor L1E

e Bt Sttty i Sttt Release 11
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LTE Evolution

OFDM transmission
=_ = | =
Multi-antenna support Dual-layer beam forming Multi-antenna extensions
TR
|
) é,_y
Channel-dependent scheduling Hybrid ARQ Positioning
nrn nm
i G e — |
Bandwidth flexibility FDD and TDD support MBMS

Basic LTE functionality Enhancements & extensions Further enhancements &
extensions IMT-Advanced
compliant
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LTE Evolution (cont.)

2010 2011 2012 2013 2014
LTE-A Rel-10 >
Carrier j LTE-A Rel-11 >
Aggregation / n .
CoMP j LTE-A Rel-12 >
( Enhanced ) ~ Rel-13&B4G>
\_ MIMO ) -
- ~ Enhgz::hel’relints 4 Inter-site j [ Multi-stream )
Relays \(el CIC, felCIC) CoMP Carrier Aggregation
New Carrler FD-MIMO
[ ) Y Type y, [D Channel Modelg
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MTC [ D2D j
\ 4
7 @ R BT

"/ Puan Ze &]mhermtr



LTE Advanced: part of a rich roadmap of LTE technologies

2012 2013 2014 2015 2016 2017+ 2018+
Rel-8/9 Rel-10/11/12 Rel-13 and beyond
) M
lte LTE el | TE Advanced LTE Advanced Pro
Mobile 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+
Note: Estimated commercial dates. Not a fesures commercaized atthe same ime 5
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3GPP RAN Standardization Timeline

DL 256 UL 64 Sec
QAM QAM 2x UL CA 3DU2UL CA
3x DL CA
o " Prestd EA x4 DL
HPUE MIMO
UL 256 NB loT 8x8
QAM HPUE SDL CA DL MIMO

R14

LAA-UL 3ULCA vav/ o
mmrc VX URLLC

R15 B |
K | LTE Evolution
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"N —~y — <6 GHz
l e > & [} 56 R Phase 2 mmwave '
Official Launch
4

New Radio
mmWave

2015 2016 2017 2018 2019 2020 2021
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3GPP Overall Timeline & Release Features

Rel-15 5G NR Phase 1

Rel-13
ITU-R IMT- Advanced " B
Recommendation «Cat-M
«NB-loT (Cat-NB1) [Ret-15 Ry Rel-16 5G NR
8 «EC-GSMHoT Rel-14 « Cat-M/NB ewolution Phcns 2
ITUR IMT-2000 ——— 1 [« LTELAA e Cat-M2 NB2 Enhan | B« NRJIOT
Recommendaton , b Rei-12 +FD-MIMO « Cat-M2 * High precision pos  § fle NR V2X
. FeD2D R broadcast
: . Catd «LTE-V2X geasivity stuay | [+ Cal-NB2 7 N
Rel10 Rei-11 " inRANT) « LTE-V2X « Short TTI + NR Positioning
Rel-9 “DLEWLC « DLMIMO enh (30 | [+LTE-V2V «eLAA e LTE-V2X * NR fiexible duplex
sLTE-AforMTA || oo MMO) «eD2D « Enhanced enhancements * NR power
* LTE HeNB *«CA « ePDCCH o NCT (deleted now) | |« LTE-MUST indoor pos » UAV support (SI) consumption
* Location sewice | |e Ennancement DL | [, o * Smakcel «LTE CAenh 5C *5G new RAT * 5G Phase 1 NSA & fle NR URLLC
(A-GNSS) MMO « Enhanced CA enfancement «Indoor Pos LTE study SA 5G-NR eMBB « NR Mobilty
itagandll | « CoMP bl «€DRX e5Gusecased | lo NR supportfor o MIMO (NRALTE)
* §CKC « 8-carrier HSDPA «eMBMS requrements Saeme (SI) NR -
» Duakcall HSDPA | |« Relays ol A New UE stant pew chamnel E wvr==
* Duakcel HSUPA | | (4 Camers) ®HSUPA INO enhancement cat15.16 (750800Mpps, | | mosed S1)
* SON « MDT « Energy saving study 1000/1050Mbps)
«LTEA * SON "
« Duallayer enhancement \ ‘ ‘
beamforming « Intra-pand MSR - -
. .~ A A : Rel15 & Rell6 &
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[ 2008 || 2010 |[ 2011 | 2012 |[ 2013 || 2014 |[ 2015 |[ 2016 | 2017 |[ 2018 | 2019 || 2020 ||
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