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5.10 MIMO, Transmit Diversity and Beamforming

(Parallel session planned for Wednesday)
Summary of the conclusions from email ad hoc on MIMO to be prepared by Juho Lee. 
R1-073134
Summary of LTE MIMO email discussion
Samsung
R1-072763
Spatial Multiplexing for MBSFN
Nortel

5.10.1 DL Precoding Details, 4 Antenna Codebook

R1-072935
LTE MIMO: Flexible Codebook Design for Improved Performance
AT&T

R1-072936
LTE MIMO: Householder vs DFT matrix based codebooks
AT&T
R1-072768
Comparison of performance of different codebook sizes
Nortel
4TX SU-MIMO precoding codebook proposals

R1-072843
Way Forward on 4-Tx Antenna Codebook for SU-MIMO
Texas Instruments, Motorola, Nokia, Ericsson, NTT DoCoMo, Panasonic, Freescale Semiconductor, Nortel, Huawei, Broadcom Corporation, Comsys Mobile, Marvell Semiconductor, Nokia Siemens Networks, InterDigital, Sharp, AT&T 

R1-072658
Codebook aspects for DL SU-MIMO Schemes for cross-polarised Antennas
Alcatel-Lucent

R1-073181
Way-forward on Codebook for SU-MIMO Precoding
Samsung

R1-072913
4Tx Antenna Codebook for SU-MIMO
ZTE

R1-073045
4 Tx Precoding Codebooks for Dual-Polarized Antenna Setup in LTE DL
Ericsson

Conclusion
· Working assumption for 4TX SU-MIMO precoding
· The codebook proposal of Tdoc 2843. 

· Show the hidden block diagonal structure explicitly in the codebook description -> text proposal in R1-073206 agreed with clarification that “Annex” is meant for “Informative Annex”
· AH chairman’s remark: “u” in equation of page 2 is a typo of “un”.
· Other works (e.g. control signalling design etc) related to the LTE MIMO precoding codebook is supposed to continue based on the working assumption

· Additional enhancements were discussed as below but not agreed upon.

· Whether to define multiple codebooks depending on scenario (e.g., single polarization / dual polarization)? 

· Introduction of 64 elements codebook

· Introduction of additional differential codebook

R1-072679
Performance Comparison of Four Antenna Precoding Codebooks for EUTRA MIMO 
Motorola
R1-072744
Link Analysis of 4TX Precoder Codebook
Qualcomm Europe

R1-072745
System Analysis of 4TX Precoder Codebook
Qualcomm Europe

R1-072823
Performance comparison of 4TX codebook designs
NEC Group

R1-072844
Link Level Evaluation of 4-TX Codebook for SU-MIMO 
Texas Instruments 
R1-072845
System Level Evaluation of 4-TX Codebook for SU-MIMO 
Texas Instruments 

R1-072979
Precoding codebook performance comparison for 4x2 LTE DL SU-MIMO
Nokia, Nokia Siemens Networks

R1-072980
Precoding codebook performance comparison for 4x4 LTE DL SU-MIMO 
Nokia, Nokia Siemens Networks

R1-073085
Analysis of PA Imbalance for MIMO Precoded Systems in E-UTRA
Broadcom

R1-072766
Further discussion on the differential Codebook for LTE Downlink Closed-Loop MIMO
Nortel

R1-073083
Precoding with Polarized Antennas for MIMO in E-UTRA - System Level Analysis
Broadcom

CDD precoding

R1-072981
Specification needs for the support of small delay CDD/PSD based precoding 
Nokia, Nokia Siemens Networks, Motorola, Broadcom Corporation
R1-073096
Way-forward on CDD Precoding
Samsung et al
-> updated to 3182

R1-073182
Text Proposal for TS 36.211 Regarding CDD Design Ericsson, NTT DoCoMo, Qualcomm, Huawei, Panasonic, AT&T, ETRI, ITRI,CHTTL,Toshiba, Sharp, LGE, InterDigital, Orange, Mitsubishi
Conclusion:
Text proposal of 3182 agreed.
AH chairman’s remark: subscripts of delta in Table 6 is a typo and hence should be deleted. Text proposal is based on the version of TS 36.211 endorsed in RAN1#49 meeting. 
R1-072742
Large Delay CDD Based Precoding for 2TX
Qualcomm Europe

R1-072743
Large Delay CDD Based Precoding for 4TX
Qualcomm Europe

R1-072871
Link-level Evaluation of the CDD-based Precoding under Open-loop Scenario
LGE

R1-072872
System-level Evaluation of the CDD-based Precoding under Closed-loop Scenario
LGE

R1-073044
High Delay CDD in Rank Adapted Spatial Multiplexing Mode for LTE DL
Ericsson

R1-073097
Further Considerstions on CDD Precoding
Samsung

R1-073136
CDD operation for SU-MIMO in conjunction with HARQ
Philips, NXP Semiconductors
Precoding adaptation

R1-072654
Pre-coding Codebook for EUTRA MIMO Downlink
Toshiba

R1-072764
Further simulation evaluation of 2x2 pre-coding gain
Nortel

R1-072765
Rank adaptation for fixed pre-coding
Nortel

R1-072767
Update on HARQ performance enhancement
Nortel
R1-072956
Frequency Granularity of MIMO Precoding in E-UTRA Downlink 
NTT DoCoMo

UE feedback

R1-072656
Adapting the frequency granularity and updating interval of UE feedback for precoding
Alcatel-Lucent

R1-072782
Binary Differential Feedback for Downlink MIMO Constant Modulus Pre-coding for E-UTRA
InterDigital Communications Corporation
R1-072806
Rank feedback consideration
Panasonic

R1-073082
Uniform Precoding  and CQI  Best-M: A Hybrid Efficient and Scalable Feeback Method for E-UTRA - System Level Analysis
Broadcom

5.10.2 DL MU-MIMO
R1-072693
DL MU-MIMO Summary
Motorola

R1-072985
LTE Multiuser MIMO with Frequency-Domain Packet 
Nokia, Nokia Siemens Networks

R1-073205
Way forward for MU-MIMO Huawei, Freescale Semiconductor

Supporters: Alcatel-Lucent
R1-073208
R1-073046
SDMA for MU-MIMO Support in E-UTRA DL with Correlated Antenna Setups
Ericsson
Supporters: 
R1-073100
Way Forward for MU-MIMO
Samsung

Agreed Way forward:

· MU-MIMO scheme focusing on the correlated antenna elements (but its use for the uncorrelated antenna elements is not precluded)
· Precoding codebook baseline
· reuse (a part of) the rank-1 SU-MIMO precoding possibilities defined for 2 TX and 4 TX antennas

· UE and Node B uses the same codebook
· Node B has the ability to independently choose the precoding vectors for the UEs scheduled in the same subframe.

· UE feedback

· CQI calculation: same as the rank-1 SU-MIMO

· Precoding feedback: same as the rank-1 SU-MIMO 

· It is possible to configure non-frequency selective precoding feedback

· Need for additional means for robustness is FFS (inclusion into Rel8 is not precluded)
· An additional CQI terms for interference indication 

· Alternative CQI definition

· Downlink control signalling
· Explicit signalling of the used precoding vector for a scheduled UE is allowed
· Other possibilities are to be aligned with the conclusion of SU-MIMO case

· Signalling of the interference vector(s) is FFS

· Indication of the power share for a UE among the scheduled UEs on the same set of frequency resource in the same subframe is FFS

· Detailed signalling scheme is FFS

· The conclusion on the UE-specific RS-to-PDSCH power offset signalling should preferably be reused. 

· Taking into account the subframe-wise power variation… 

· More advanced MU-MIMO scheme 

· FFS, which means that this case may not be a focus for the initial version of LTE

Aspects considered during the discussion:
· Optimization case

· correlated antennas

· uncorrelated antennas

· robust for both cases

· Limitation on Node B scheduling

· Yes

· No

· UE CQI calculation

· only based on channel quantization

· assumption on the intra-cell interference e.g. limitation on the precoding vectors that can be simultaneously scheduled

· Exact precoding codebook definition

· E.g. Based on DFT-type (for spatial channel sampling)?

· Resolution for selection of the MU-MIMO precoding (from a UE perspective)

· Per a set of RBs (subband?)

· Common for all scheduled RBs

R1-072809
Way Forward on MU-MIMO
Freescale Semiconductor
R1-072900
Way Forward for MU-MIMO 
Huawei
-> withdrawn
R1-072769
MU-MIMO performance evaluation for UE with 1-rx and 2-rx antennas
Nortel

R1-072785
Downlink MU-MIMO eNodeB Code Book Design Considerations for E-UTRA
InterDigital Communications Corporation

R1-072807
Evaluation of MU-MIMO schemes
Panasonic

R1-072810
Codebook design for MU-MIMO
Freescale Semiconductor

R1-072846
Performance of DL MU-MIMO with Unitary Pre-coding
Texas Instruments
-> withdrawn
R1-072914
MU-MIMO codebook and CQI reporting
ZTE

R1-072957
Investigation on MU-MIMO in E-UTRA Downlink 
NTT DoCoMo

R1-072982
LTE Multiuser MIMO and Interference Suppression in the UE 
Nokia, Nokia Siemens Networks

R1-072983
Channel Quality Indicator (CQI) Reporting for LTE MU-MIMO 
Nokia, Nokia Siemens Networks

R1-072984
Number of spatially multiplexed users for LTE DL MU-MIMO 
Nokia, Nokia Siemens Networks

R1-073065
MU-MIMO precoding with hierarchical codebooks 
Alcatel-Lucent

R1-073141
Definition of PMI / CQI feedback calculation for MU-MIMO
Philips, NXP Semiconductors

R1-073142
Size of precoding codebook at eNodeB for MU-MIMO
Philips, NXP Semiconductors

R1-073143
Text proposal on Working Assumptions for MU-MIMO
Philips, NXP Semiconductors
5.10.3 DL Transmit Diversity with 4 TX Antennas
Confirmation of benefit of 4 TXD

R1-072771
The diversity gain of 4 Tx TxD over 2 Tx TxD
Nortel

Discussion on FFS issues from Kobe

R1-072770
Further Study on TxD Schemes for 4 Tx
Nortel

R1-073189
R1-072786
Performance of TxD Scheme for 4-Tx Antennas
ITRI

R1-072912
Performance Evaluation of 4Tx Transmit Diversity Schemes
ZTE

R1-073075
Evaluation of Four Element Tx Diversity Schemes for the PDSCH
Motorola

R1-073196
R1-072986
Performance comparison of the original and the balanced SFBC-FSTD codes using matched filter receiver 
Nokia, Nokia Siemens Networks

R1-072987
Performance comparison of antenna grouping schemes for the SFBC-FSTD block 
Nokia, Nokia Siemens Networks

R1-073101
Link Performance of 4-Tx Antenna diversity for shared data and control channel
Samsung
Conclusion

· For SFBC + FSTD for 4TXD, (1,3) & (2,4) mapping agreed.

· Other works related to the LTE 4 antenna TXD is supposed to continue based on the agreed working assumption 

· Additional enhancement for 4 antenna TXD as listed below is FFS
· RE mapping for RS power handling
Others

R1-073080
RE mapping of SFBC+FSTD based TxD for Shared Data channel
Nortel

R1-073086
4Tx Diversity for E-UTRA
Broadcom
R1-072772
Rate-2 SFBC Performance evaluation
Nortel

5.10.4 DL Beamforming
R1-072657
Further Discussion and Performance Results for DL SU-MIMO Schemes for cross-polarised Antennas
Alcatel-Lucent

R1-073190
R1-072787
Design Issues of DL Beamforming with more than four antennas
ITRI

R1-072955
Investigation on Adaptive Beamforming in E-UTRA Downlink
NTT DoCoMo
Discussion topics
Interference-limited case

· common control channel coverage not limited even without the dedicated beamforming
· data rate coverage can be improved with the dedicated beamforming (how much?)
Noise-limited case 

· Common control channel coverage can still be limited as the beamforming cannot be applied. Instead, power boosting is possible?
· data rate coverage can be improved with the dedicated beamforming (significant?)

Is the support of the dedicated beamforming (if introduced) UE-mandatory? 

· Yes: 

· No: 

Define the dedicated beamforming (by semi-static configuration per UE) for FDD and TDD FS1 in the initial version of LTE?

· Yes: Alcatel-Lucent, NTT DoCoMo, ITRI, ArrayCom, Ericsson, Philips, NEC, Sharp, ICERA, Qualcomm (9)
· No: Nokia, Nokia Siemens Networks, Motorola, Nortel (4)
· Abstain: InterDigital (1)

-> no conclusion reached
Questions

· What is the upper limit of the cell size to guarantee the control channel quality?

· Control and data are TDM multiplexed. So, borrowing power from data to control is not possible. 

· What should be specified to support the dedicated beamforming?

· Dedicated reference signal

· Modification of the control signalling needed to indicate the use of the dedicated RS?

· Yes in case of dynamic configuration
· No in case of semi-static configuration 

· If the dedicated beamforming is introduced, will it be a UE capability or mandatory?

· When the final decision on support of the dedicated beamforming can be made?

· Today (July 28th in RAN1#49bis)
· RAN1#50 (Aug)

· RAN1#51 (October)

R1-073144
Phase Reference for DL Beamforming
Philips, NXP Semiconductors, Alcatel-Lucent, ArrayComm
R1-072746
Qualcomm
5.10.5 UL Antenna Switching
R1-072773
Further discussion on UL closed-loop adaptive antenna switching 
Nortel

R1-072873
Consideration on sounding reference signal for closed-loop antenna switching in E-UTRA uplink
LGE

R1-072958
Closed Loop-Based Antenna Switching Transmit Diversity in E-UTRA Uplink
NTT DoCoMo

R1-073067
Adaptive antenna switching with low sounding reference signal overhead 
Mitsubishi Electric, NTT DoCoMo
-> recommended to present 3067 in main session as part of the UL RS discussion. 
R1-073068
Impact of sounding reference signal loading on system-level performance of adaptive antenna switching
Mitsubishi Electric
5.10.6 UL MU-MIMO
R1-072774
UL MU-MIMO performance improvement
Nortel
