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6.6 Downlink MIMO, Transmit Diversity and Beamforming
(Parallel session planned for Thursday)
Summary of the conclusions from email ad hoc on MIMO to be prepared by Juho Lee
R1-062580
LTE MIMO email discussion summary
Samsung

R1-062482
MIMO resource definition for E-UTRA
Philips, Ericsson

6.6.1 Maximum number of code words for 4x4 MIMO

R1-062564
System level results for investigation; Maximum number of codewords for 4x4 MIMO
LG Electronics

R1-062645
Description of Per-Group Rate Control (PGRC) And System Level Comparison With Per-Antenna Rate Control (PARC)
Texas Instruments
R1-062646
Signaling and Feedback Requirements For Different Number of Codewords 
Texas Instruments

R1-062647
Single-user MIMO performance with largest CQI feedback
Texas Instruments

R1-062695
Max number of codewords for DL SU-MIMO
Qualcomm Europe

Not available
R1-062696
ACK structure for 4x4 DL SU-MIMO
Qualcomm Europe

R1-062810
Discussion on maximum number of codewords for 4x4 MIMO
Panasonic

R1-062829
Impact of the maximum number of codewords on the 4x4 LTE system performance
Nokia

R1-062859
Maximum number of codewords for MIMO in E-UTRA downlink
Ericsson

R1-062902
Maximum number of codewords for E-UTRA MIMO
Motorola
R1-062975
MCS granularity 
Qualcomm Europe
Discussion points

· Peak data rate
· CQI accuracy: more severe impact for high geometry case. Adaptability to such cases?
· MCS granularity

· Impact on the performance not agreed at least for SIC

· Concern on impact of CQI estimation error especially when having very good MCS granularity 

· Signalling overhead

· DL: TF signalling
· UL: 
· CQI

· Should be a single CQI reporting scheme regardless the UE receiver type

· ACK/NACK

· Latency due to different receiver implementation

· Should consider various receiver implementations
· LMMSE
· (near-)ML

· SIC

· Optimization of the overall design should be for 2x2. -> common understanding.

· Better performance for 4x4 on top of the optimization for 2x2. 

· Justification of the cost needed vs performance for 4x4.

· Is there any receiver structure that absolutely requires 4 CWs?

Proposals:

· 2 CWs (supported by 14 companies)
· 4 CWs (supported by 2 companies)
Agreed working assumption: 2 CWs. 

(Chairman’s note: from the Node B perspective, the maximum number of codewords is 4)
6.6.2 Layer permutation vs. no layer permutation 

R1-062523
Link performance comparison of layer permutation vs. no layer permutation
Samsung

R1-062524
System performance comparison of layer permutation vs. no layer permutation
Samsung

R1-062565
Link performance of DL SU-MIMO according to the amount of feedback overhead
LG Electronics

R1-062566
Link Evaluation of DL SU-MIMO – Impact of Generalized CDD
LG Electronics

R1-062648
System Level Study Of Channel Quality Indicator (CQI) Quantization
Texas Instruments

R1-062649
Link level performance of layer permutation scheme 
Texas Instruments

R1-062974
R1-062697
Link analysis of layer permutation and no layer permutation
Qualcomm Europe

R1-062830
Performance of layer permutation for LTE SU-MIMO
Nokia

R1-062940
Effects on throughput when using Layered Permutation for LTE-Based RXCVR Structures
Broadcom
Layer permutation benefit
· Yes (1 company)
· No (5 companies)
Agreed way forward
· On the layer permutation proposal, continue discussion including simulation assumptions etc via email reflector until the next meeting. 

· Take into account the implication on the UL feedback overhead and also other aspects of LTE MIMO solution.

· Take decision in the next meeting on whether to use or not.

· The layer permutation to be discussed as a part of UE feedback agenda item in the next meeting.

6.6.3 MU-MIMO

Precoding (Unitary vs. Non-Unitary), Switching between SU- and MU-MIMO 
Precoding: unitary vs non-unitary

R1-062483
Comparison between MU-MIMO codebook-based channel reporting techniques for LTE downlink
Philips

R1-062489
Unitary precoding with non-unitary fallback mode
Huawei

R1-062525
Dynamic Mode Switching between Single and Multi-User MIMO
Samsung

R1-062526
Further Performance Comparison of Unitary vs. Non-Unitary Precoding
Samsung

R1-062545
Performance Comparison of Unitary vs. Non-Unitary Precoding for MU-MIMO 
ZTE

R1-062698
System Comparison of SU-MIMO and SDMA operations
Qualcomm Europe

R1-062925
Link-level results for nonunitary precoding using zero-forcing in LOS channels
Lucent Technologies
MCS selection and power loading

R1-062472
Advanced MCS Selection and Power Loading for Multi-stream Downlink MIMO with Reduced CQI Feedback
SHRCWC, RITT

Resource allocation type with MU-MIMO

R1-062730
Downlink MIMO Scheme for Shared Data Channel in E-UTRA 
NTT DoCoMo
Quantization

R1-062776
Effect of Quantization Errors on the Achievable Throughput of LTE MU-MIMO Schemes 
CHTTL

6.6.4 Transmit diversity 

Tx Diversity for SCH, Tx Diversity for the other channels 
R1-062476
Comparison of transmit diversity schemes for E-UTRA in noise and interference limited scenarios
Alcatel

R1-062490
System Level Simulations of Common Control Channel Transmit Diversity
Huawei

R1-062527
Transmit diversity performance for the common control channels
Samsung

R1-062528
Transmit diversity performance for the shared data channels
Samsung

R1-062977
R1-062583
Downlink Transmit Diversity Method for BCH Channel 
ETRI

R1-062584
System level evaluations of diversity schemes for SCH
ETRI

R1-062699
Link analysis of CDD and SFBC
Qualcomm Europe

R1-062731
Transmit Diversity Scheme for E-UTRA Downlink
NTT DoCoMo

R1-062732
CDD-Based Pre-coding Scheme for Rank = 1 and 2
NTT DoCoMo

R1-062747
Performance Evaluation of Downlink Open Loop Schemes for 2- and 4-Branch LTE Control Channel
Nortel

R1-062755
Further Results on SCH Search Performance with Transmit Diversity
Nortel

R1-062756
BCH Detection Performance Evaluation
Nortel

R1-062778
Further System-Level Simulation Results for Downlink Inter-Sector Macro Diversity
CHTTL

R1-062780
Comparing Transmit Diversity Schemes for common control channels in E-UTRA Downlink
Sharp

R1-062790
Transmit diversity schemes for E-UTRA SCH
CATT

R1-062831
Open Loop DL Transmit Diversity for Common Control Channels
Nokia

R1-062832
Open Loop DL Transmit Diversity for the Shared Data Channel
Nokia

R1-062858
Further results on transmit diversity for common control and data channels
Ericsson

R1-062903
E-UTRA Open Loop Transmit Diversity
Motorola
Companies’ views are as follows: 
For 2TX antennas, only one TxD scheme for control channels other than SCH

· Yes: Qualcomm, Sharp, Samsung, Siemens, LGE, Huawei, Motorola

· No: Nortel, ETRI, Nokia
For 2TX antennas, only one TxD scheme for control channels other than SCH & BCH

· Yes: Qualcomm, Sharp, Samsung, Siemens, LGE, Huawei, Motorola, Nokia, Nortel, ETRI
For 4TX antennas, only one TxD scheme for control channels other than SCH

· Yes: Qualcomm, Sharp, Samsung, Siemens, LGE, Huawei, Motorola

· No: Nortel, ETRI, Nokia
For 4TX antennas, only one TxD scheme for control channels other than SCH & BCH

· Yes: Qualcomm, Sharp, Samsung, Siemens, LGE, Huawei, Motorola, Nokia, Nortel, ETRI
For control channels, 
1) non-SFBC-based: Motorola, Samsung, ETRI, Sharp, Qualcomm, LGE, Siemens, Nokia
A. CDD (or PSD) (for both 2 tx and 4 tx antennas) (not for SCH)
B. FSTD (for both 2 tx and 4 tx antennas)

C. PVS 

2) SFBC-based (with allowing different TxD for SCH): Nortel, Nokia, Alcatel, Huawei, Philips, Ericsson, Lucent
A. SFBC (only for 2 tx antennas)

B. SFBC + PSD (or CDD) (4 tx antennas)

C. SFBC + FSTD (4 tx antennas)

Agreed way forward:
Take email discussion on the control channel TxD until the next meeting.

6.6.5 Precoding details 

Codebook-based

R1-062507
Link performance of codebook based precoded MIMO transmission schemes for EUTRA
Freescale Semiconductor

R1-062508
Cluster size for codebook based precoding in downlink MIMO for EUTRA
Freescale Semiconductor

R1-062509
Precoding methodologies with rank adaptation for EUTRA MIMO
Freescale Semiconductor

R1-062510
Efficient method for feedback reduction and feedback mechanism for precoded MIMO in EUTRA
Freescale Semiconductor

R1-062529
Precoding for MIMO spatial multiplexing and transmit diversity
Samsung

R1-062546
Performance Evaluation of Codebook-based Precoding 
ZTE

R1-062567
Codebook design and verification for 4x1 MIMO
LG Electronics

R1-062568
System level evaluation of 2x2 downlink SU-MIMO with rank adaptation
LG Electronics

R1-062650
Codebook Design for E-UTRA MIMO Pre-coding
Texas Instruments

R1-062700
Precoding structure for DL MIMO
Qualcomm Europe

R1-062769
On the codebook and precoding block sizes for downlink MIMO precoding
NEC Group

R1-062770
Way forward on precoding scheme
NEC Group, NTT DoCoMo

R1-062833
Linear Precoding for single stream transmission from 2TX antennas
Nokia

R1-062857
Beamforming in E-UTRA
Ericsson

R1-062904
Frequency Domain Adaptive Precoding for E-UTRA MIMO
Motorola

R1-062905
Additional results on frequency-domain adaptive precoding for EUTRA MIMO
Motorola
Non-codebook-based

R1-062493
Performance Benchmark for a New Unitary Precoding Scheme with Uniform MCS Allocation
Intel Corporation

R1-062775
A Non-codebook-based Precoding Scheme for TDD E-UTRA
CHTTL

R1-062791
Further consideration on the downlink reference symbols of beam-forming for EUTRA TDD 
CATT

R1-062792
Non-codebook based pre-coding for E-UTRA TDD Downlink
CATT

R1-062793
Downlink reference signal aspects for non-codebook based pre-coding in TDD mode
CATT

R1-062794
Link level simulation results for non-codebook based pre-coding in EUTRA TDD (SVD)
CATT

R1-062795
Link level simulation results for non-codebook based pre-coding in EUTRA TDD (GBF)
CATT

6.6.6 UE feedback 

MIMO mode adaptation

R1-062750
Further Performance Evaluation for DL Adaptive MIMO 
Nortel

TDD UL sounding

R1-062796
Uplink transmit diversity scheme to provide full CSI to support downlink MIMO transmission for TDD operation
CATT
CQI feedback

R1-062491
Overhead reduction of UL CQI signalling for E-UTRA DL
Huawei

R1-062492
Baseline uplink E-CQI message – content and size
Huawei

(not available) R1-062665
Differential Feedback for MIMO Precoding
Intel Corporation

R1-062701
Analysis of support channel overhead for DL MIMO
Qualcomm Europe

R1-062749
Further results on the impact of speed, feedback period, and sub-channel bandwidth on the performance of downlink closed loop schemes for 4-branch LTE
Nortel

R1-062873
E-UTRA Incremental CQI Reporting Using DCT Coding
Ericsson

Direct channel feedback

R1-062906
Uplink sounding for obtaining channel state information at Node B in EUTRA
Motorola

R1-062907
Direct channel feedback for obtaining channel state information at Node B in EUTRA
Motorola

R1-062908
Mobile Assisted Sounding feedback for Multi Antenna System for EUTRA
Motorola















































































































