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4G Standard Evolution, LTE-A in 3GPP 
LTE（R8/R9） 

LTE-A (R10/R11) 

LTE-A (R12/R13) 

 DL: 100Mbps, UL: 
50Mbps 

 MIMO, BF，LCS, 
eMBMS 

 DL:  1Gbps,  UL: 
500Mbps 

 CA, Relay, Het-Net 

 CoMP, eMIMO 

 256QAM/Small Cell 

 eCA 

 LAA 
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Update Version of LTE-A, R12 

LTE-A Evolution Progress 

 LTE-A(R12) was initiated  in June, 2012. The 1st  Version was 

released in December of 2014. 

 LTE-A(R12) includes  eCA, Small Cell and LAA 

 

Spectrum (>3.5G） 

 3.5G TDD spectrum application 

 Over  10GHz spectrum application 

Small Cell 

 CA between FDD and TDD 

 CA between different operators 

 CA  between LTE and WiFi  …… 

 

eCA 

 HOM (256QAM) 

LTE-A(R12) key technologies 
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Part II 

Technologies 

(R10) 
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4G Key Technologies in R10 (LTE-A) 

③Relay ④eMIMO 

①CA 

⑤Het-Net ②CoMP 

4G  
(LTE-A R10) 

Continuous or non-continuous frequency 
aggregation 

Coverage, capacity  and 
interference 

Different eNBs can communicate  
each other by air interface 

Up to 8 layers in the Downlink 
transmission: 
DL-8x8, UL-4x4 

Coordinated multipoint 
transmission 
 and reception  
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①CA  - Carrier Aggregation 
Wider bandwidth transmission using carrier aggregation 

– Entire system bandwidth up to e.g., 100MHz, is comprised of multiple basic frequency blocks called 

component carrier (CC) 

  Satisfying the requirements for peak data rate 

– Each CC can be configured in a backward compatibility with LTE(R8) 

  Maintaining backward compatibility with LTE(R8) 

– Carrier aggregation supports both contiguous and non-contiguous spectrum, and asymmetric bandwidth 

for FDD 

  Achieving flexible spectrum usage 

 

 

 

– In R12, the Carrier Aggregation between FDD and FDD was further introduced. 
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CA - Downlink 

Downlink: base on the structure of CC 

  Priority given to reusing R8 specification for low-cost and fast deployment 
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CA - Uplink 

Uplink: N x DFT-Spread OFDM 
– Realize wider bandwidth by adopting parallel multi-CC transmission 

 Satisfy requirements for peak data rate while maintaining backward compatibility 

  Low-cost and fast deployment by reusing LTE R8 specification 

– Support non-contiguous resource allocation 

  Enhanced flexibility and efficiency of resource allocation 

– Support PUCCH and PUSCH transmission simultaneously 

– Provide independent power control per CC 

 

Non SC-FDMA, Higher PAPR  Not suitable for cell edge users! 
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CA - Deployment Scenarios 
 F1 and F2 cells are co-located and overlaid, providing nearly the same coverage. and 

mobility can be supported on both layers. 

 F1 and F2 cells are co-located and overlaid, but F2 has smaller coverage due to larger 

path loss. Only F1 provides sufficient coverage. Mobility is performed based on F1 

coverage 

 F1 and F2 cells are co-located but F2 antennas are directed to the cell boundaries of 

F1 so that cell edge throughput is increased. F1 provides sufficient coverage but F2 

potentially has holes, e.g., due to larger path loss. Mobility is based on F1 coverage. 

 F1 provides macro coverage and on F2 Remote Radio Heads (RRHs) are used to 

provide throughput at hot spots. Mobility is performed based on F1 coverage (DL only 

for R10) 

 Similar to scenario #2, but frequency selective repeaters are deployed so that 

coverage is extended for one of the carrier frequencies. It is expected that F1 and F2 

cells of the same eNB can be aggregated where coverage overlap. (DL only for R10) 

F1 F2
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②CoMP  

CoMP Scenarios 

– Scenario 1 
Homogeneous network with intra-site CoMP 

– Scenario 2 
Homogeneous network with high Tx power RRHs 

– Scenario 3 
Heterogeneous network with low power RRHs within 

the macrocell coverage where the Tx/Rx points created  

by the RRHs have different cell IDs as the macro cell 

– Scenario 4 
Heterogeneous network with low power RRHs within  

the macrocell coverage where the Tx/Rx points created  

by the RRHs have the same cell IDs as the macro cell 

eNB

Coordination area

 

High Tx

power RRH

 Assume high Tx power RRH

as same as eNB

Optical fiber

Low Tx power 

RRH

(Omni-antenna)

eNB

Optical fiber
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CoMP - Downlink 
Downlink CoMP Categories 

– Joint Processing (JP)  

 Data for a UE is available at more than one point in the CoMP cooperating set (definition below) for a time-frequency 

resource. 

• Joint Processing (JP) includes Joint Transmission (JT) and Dynamic point selection (DPS) 

• Joint Transmission (JT): Simultaneous data transmission from multiple points (part of or entire CoMP cooperating set) 

to a single UE or multiple UEs in a time-frequency resource. 

– Coordinated Scheduling/Coordinated Beam-forming (CS/CB) 

 Data for an UE is only available at and transmitted from one point in the CoMP cooperating set but user scheduling/ beam-

forming decisions are made with coordination among points corresponding to the CoMP cooperating set. 
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CoMP - Uplink 

Uplink CoMP Categories 

– Joint Reception (JR)  

 PUSCH transmitted by the UE is received  

 jointly at multiple points (part of or entire  

  CoMP cooperating set) at a time,  

 e.g., to improve the received signal quality 

– Coordinated Scheduling/Beamforming (CS/CB) 

 The user scheduling and pre-coding selection decisions are made with coordination among points corresponding to the CoMP 

cooperating set. The data is intended for one point only. 

Uplink CoMP  has no changes to air interface. 



标题: 

字体: 微软雅黑 

字号：30-32pt 

颜色：主题蓝色 

 

正文(1-5级): 

字体：微软雅黑 

字号：28-12pt 

颜色: 黑色 

G91, 

B170 

G137, B207 

G174, B239 

G171, B189 14 

③Relay 

 Concept 

 A new node between eNB and  UE 

 Wireless backhaul between eNB and RN 

 Benefit 

 Coverage of high data rates  

 Group mobility 

 Temporary network deployment 

 Cell-edge throughput 

 Category 

 In-band and out-band 

 Type1(1a and 1b) 



标题: 

字体: 微软雅黑 

字号：30-32pt 

颜色：主题蓝色 

 

正文(1-5级): 

字体：微软雅黑 

字号：28-12pt 

颜色: 黑色 

G91, 

B170 

G137, B207 

G174, B239 

G171, B189 15 

Relay - Type 1 
 Type 1 Relay Zone is a different cell from the 

Donor cell  

• e.g., with different cell ID, RS, Sync signal etc. 

 UE receives/transmits control signals for 

scheduling and HARQ from/to RN 

 FAKE MBSFN Sub-frames for backhaul 

partitioning 

• SF #0, #4, #5 and #9 in FDD and #0, #1, #5 and #6 

in TDD cannot be configured for downlink 

backhaul, since system information, paging 

channels are located 

• R-PDCCH has to be defined in LTE R8 PDSCH region 

 

 

 

DataCtrl
transmission gap

(“MBSFN subframe”)
Ctrl

One subframe

No relay-to-UE transmission

eNB-to-relay transmission
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Relay-Application Scenarios  

eNB

RN1

RN2

Rural area Urban hot spot Dead spot 

Indoor hot spot Group mobility 

Emergency or temporary network deployment 

Wireless backhaul only 
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④Enhanced MIMO 

 DL MIMO 
 

 Up to 8Tx in new TM 9 

 SU-MU dynamic switch 

 8 Tx Codebook 

 Implicit feedback 

 Double codebook design 

 CSI-RS: measurement RS for Rel 10 

 DMRS: pre-coding demodulation RS 

 UL MIMO 

 PUCCH TxD: SORTD 

 PUSCH SM up to 4Tx/4 layers 



标题: 

字体: 微软雅黑 

字号：30-32pt 

颜色：主题蓝色 

 

正文(1-5级): 

字体：微软雅黑 

字号：28-12pt 

颜色: 黑色 

G91, 

B170 

G137, B207 

G174, B239 

G171, B189 18 

Enhanced MIMO - Uplink 

UL transmit diversity for PUCCH 

  Improving signal robustness and cell-edge performance 

SU-MIMO up to 4-stream transmission 

  Satisfying the peak spectrum efficiency (e.g. 15bps/Hz) 

Signal detection scheme with affinity to DFT-S-OFDM for SU-MIMO 

– Turbo-SIC is applied in eNB receiver to achieve higher throughput performance 

 Improving user throughput, while 

 maintaining low cubic-metric  

 signal transmission 
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Enhanced MIMO - Downlink 

 Extension up to 8-layer transmission 

  Satisfying the requirement for peak spectrum  

 efficiency (e.g., 30bps/Hz) 

 Additional reference signal (RS) specified  
 Channel state information RS (CSI-RS) 

 For downlink channel sounding 

 Sparse, low overhead (configurable) 

 UE-specific demodulation RS (DM-RS) 

 UE-specific DM-RS can be pre-coded, supporting  

 non-codebook-based pre-coding 

 DM-RS is only used for the demodulation 

     of PDSCH 

 DM-RS pattern for higher numbers of layers is  

 extended from 2-layer format for TM8 in Rel-9  
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⑤Het Net - Heterogeneous Networks 

Het-Net 

– Multiple tiers of network of a single RAT 

– Low power nodes (LPN) are placed throughout a macro-cell layout (overlaid) 

LPN 

– RRH 

• Low latency (µs) backhaul to macro, open, planned deployment 

– Pico eNB (Hotzone) 

• X2 backhaul, open, planned deployment 

– HeNB/Femto 

• No X2; CSG, consumer deployed, indoors 

– Relay 

• in-/out-band RN, open, planned deployment 
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Het Net - Architecture 
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Het Net - Application Scenario 1 

Scenarios 1: coverage 

  Seamless coverage for rural area 
or cell edge, lower CAPEX 

 e.g., fixed RN/pico 

 Blind spot 

 e.g., RN or micro/pico 
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Het Net - Application Scenario 2 

Scenarios 2: capacity 

 Hot spot/zone 

 e.g. high density UEs in a small area 

 Indoor: improving capacity and providing 
coverage 

 e.g., femto 
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Het Net - Application Scenario 3 

Scenarios 3: others 

 Group mobility 

 e.g., mobile RN 

 Emergency or Temporary Network 
Deployment 

 e.g., RN 
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Het Net - eICIC based on ABS 

 Het-Net co-deployment problem: 

 interference! 

 eICIC solutions - ABS 
 Time domain: Almost Blank Subframes (ABS) 

 ABS Contains no data but may have essential signals for legacy 
support (PSS/SSS, PBCH, CRS, Paging, SIB1 etc.) 

 In ABS, very low interference to UEs of neighbor cells 

 Macro cell(s) utilizing ABS to protect the corresponding pico cell’s 
subframes 

 Pico cell schedules serving UEs correspondingly considering 
received ABS pattern(s) from other cell(s) 

 

 

 

Macro Cell

Pico Cell

Pico UE

Pico’s protected 

resources

Macro

Hotzone

P
D

C
C

H

PDSCH

Semi-persistent PDSCH

P
D

C
C

H

PDSCH

P
D

C
C

H

PDSCH
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Het Net – eICIC based on CA 

CA applies to heterogeneous deployments 

 

Macro
Pico

f1

f2

f1

f2

f1

f2

f1

f2

Macro UE

• Control signaling on f1
• Data on f1 and/or f2

Pico UE

• Control signaling on f2
• Data on f1 and/or f2

Macro UE

• Control signaling on f1 and/or f2
• Data on f1 and/or f2

Cross-carrier scheduling   
Downlink control channel interference avoidance! 
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Part III 

Technologies 

(R12) 
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4G Enhanced Features in R11(LTE-A) 
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4G New Features  in R12 (LTE-A) 
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①Small Cell 

 
2/3G Small Cell 

 

Pico 

Femto 

 
LTE Small Cell 

 

Pico 

Femto 

 
Small Cell 

Enhancement 
 

Small 
Cell 

Application Scenarios 

Advantages 

 The evolution of LTE technology 

 In order to meet the demand of hot spot and 
indoor coverage scenario 

 Ultra high speed 

 Can management and control 

 The current version of LTE terminal can access to 
the new system 
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Small Cell - Enhancement 
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②Enhance MIMO – Evolove to 3D MIMO 
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③NW-Assisted Interference Cancellation and Suppression 
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④eIMTA (Dynamic TDD) 

Further enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation 
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⑤TDD+FDD Dual connectivity  

 Implement the aggregation of resources 
between different network system 

 Suitable for FDD and TDD joint deployment 

 None ideal backhaul transmission scenario  

 Deployed in between two different base 
station , Interface standard open , Different 
vendors base station can be realized 

 

Improve the peak rate of users 
For TDD + FDD operators , FDD macro covering 
and TDD micro covering can achieve high capacity 
covering in hot point 

Application Scenarios 

Advantages 

 Implement the aggregation of resources between different network system,improve user peak velocity 

Capacity Requirement FDD  
TDD  
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⑥256QAM 

 Outdoor Small cell network scenarios 

 Indoor higher user rate demand scenario 

 Cat11~12 to support 

 

 Improve throughput 

 Improve the single user peak rate 

Application Scenarios 

Advantages 

256QAM can promote downlink peak rate, suitable for small cell scenario 

Downlink peak speed increase 
3*20MHz CA，2*2 MIMO 

64QAM 256QAM 

450Mbps 
Cat 9/10 

600Mbps 
Cat 11/12 
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⑦D2D(Device to Device) 

 Close communication between the social 
network 

 Public security areas: lack of infrastructure 
network support 

     Hop gain 
     Reuse gain 
     Extremely high data rate  
     low delay 
     low power consumption due to the   
           proximity of UEs 

Scenarios 

Advantages 

Indispensable to the future communications technology 
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D2D: Proximity Service 



Dual 
Connectivity 

Licensed spectrum 

Carrier 
Aggregation 

Un-licensed spectrum 
 •New small cell, non-collocated 

Un-licensed spectrum 
•Co-site with licensed spectrum 
• Non-collocated  but with ideal 
transmission 

LTE secondary carrier 

LTE primary carrier  

LTE primary carrier  

LTE secondary carrier 

⑧LAA - LTE Solution in Unlicensed Band 



LAA - Key Regulations & Technologies 

LBT(Listen Before Talk) 

DFS(Dynamically Frequency Selection) 

CSAT(Carrier-Sensing Adaptive Transmission) 

Select  clear channel 

LAA on LAA on LAA on 
Time  Sensing channel utilization  

Frequency   20M 20M Unlicensed 5GHz band 

Time  
1-10ms 

burst Sensing channel utilization  

R10/11/12: for early deployment in USA, China, Korea, India, etc. 

R13: for deployment in Europe, Japan and beyond 

1 

2 

3 

LAA off LAA off LAA off 

20-100ms 
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Size：32-24-pt 
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Size：20pt 
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G143, B212 
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