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Title:
Summary of LTE MIMO Ad Hoc session 
Agenda item:
6.5
6.5      Downlink MIMO, Transmit Diversity and Beamforming

(Parallel session on Wednesday/Thursday)
Summary of the conclusions from email ad hoc and conference call on MIMO to be prepared by Juho Lee. Further detailed agenda points will follow.
R1-063568
R1-063118
MIMO resource definition for E-UTRA
Philips, Ericsson

Prepare a text proposal for the discussion in the next meeting.
R1-063515
Summary of Email Discussion and conference call on LTE MIMO
Samsung
For FDD SU-MIMO, the following agreements from the CC are confirmed:

· UE feedback is generated based on the codebook-based unitary precoding. 

· Codebook is defined as the set of unitary precoding matrices. 

· UE feedback indicates the preferred precoding matrix (precoding vector as a special case).

· Node B transmission is performed based on the codebook-based unitary precoding. 

· As a part of rank adaptation, a subset of column vectors of a unitary precoding matrix may be used for actual precoding. 

6.5.1 Layer permutation vs no layer permutation
Performance, Implication on the UL feedback overhead and also other aspects of LTE MIMO solution
R1-063235
Further Link Level Evaluation of Layer Permutation
Texas Instruments

R1-063539 
R1-063236
System Level Evaluation of CQI Quantization For 2 and 4 Node-B antennas
Texas Instruments

R1-063241
Feedback Reduction with Incremental MCS Set for LTE
Broadcom

R1-063258
Link performance comparison of layer permutation vs. no layer permutation
Samsung

R1-063259
System performance comparison of layer permutation vs. no layer permutation
Samsung

R1-063542
R1-063344
Link Performance Evaluation of Layer Permutation Scheme 
LG Electronics

R1-063371
Performance of Layer Permutation for LTE DL SU-MIMO: Enhanced MCS Set
Nokia

R1-063552
R1-063435
Further link analysis comparing layer permutation with no layer permutation for 2x2 
Qualcomm Europe

R1-063436
Further link analysis comparing layer permutation with no layer permutation for 4x4
Qualcomm Europe

R1-063463
Layer Permutation with Transmit Beamforming
InterDigital
Layer permutation (permutation over the [physical/virtual] antennas on subcarrier-to-subcarrier basis) always used if defined for multiple layers
· Yes: Qualcomm, InterDigital, Ericsson (3)
· No: Nokia, TI, Siemens, Samsung, Broadcomm, ZTE, ITRI, Lucent, Philips, Alcatel, LGE, Freescale, Motorola, Huawei (14) 

Conclusion:
All contributions under 6.5.1 have been treated, which contained simulation results. LTE MIMO AH recommended continuing DL-MIMO design with no layer permutation, which was objected by Qualcomm. RAN1 plenary session needs to confirm the recommendation. 
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Figure 1. Examples of layer permutation in the SU-MIMO mode (from R1-062043)
6.5.2 MU-MIMO

Precoding (Unitary vs. Non-Unitary), Switching between SU- and MU-MIMO 
R1-063028
System-level simulation results for channel vector quantisation feedback for MU-MIMO
Philips

R1-063130
System level comparison between MU- and SU-MIMO for downlink precoding systems with four transmit antennas 
Ericsson
R1-063195
Unitary vs. Non-Unitary Precoding for MU-MIMO
ZTE

R1-063504
Way forward for precoding in MU-MIMO
Philips, Lucent Technologies, Huawei
Conclusion:
For FDD, UE feedback for support of DL MU-MIMO is generated based on the unitary codebook which is the collection of the unitary matrices. This does not necessarily mean that the Node B has to use the unitary precoding for actual transmission. Signal construction at Node B for MU-MIMO support is FFS.

R1-063129
On the use of pre-coding in E-UTRA
Ericsson
Conclusion:
Pre-coding design should not be applicable for only a single scenario e.g. antenna setup. Cross polarization antenna setup is recognized as an antenna setup that needs to be considered.
R1-063237
UE Feedback Mechanisms To Support Single User and Multi-User MIMO
Texas Instruments

R1-063260
Dynamic Mode Switching between Single and Multi-User MIMO with Fine granularity MCS Levels
Samsung

R1-063566
R1-063262
UE feedback and scheduling considerations for 4-Tx antenna MIMO
Samsung

R1-063437
Switching between SDMA and SU-MIMO
Qualcomm Europe

R1-063310
Downlink MIMO Scheme for Shared Data Channel in E-UTRA
NTT DoCoMo, Fujitsu, Institute for Infocomm Research, Mitsubishi Electric, NEC, Panasonic

Conclusion:
Dynamic switching if defined should not compromise the performance of SU-MIMO in all the pertinent scenarios.
(R1-063131
Multi-stream beamforming in E-UTRA
Ericsson)
6.5.3 Precoding details 
Questions from the CC

· How many unitary precoding matrices should be defined for support of FDD SU-MIMO?

· How to construct the unitary precoding matrices?

· Codebook-based and non-codebook-based options for TDD
Frequency selective precoding

R1-063035
Overhead reduction of UL CQI signalling for E-UTRA DL
Huawei

R1-063036
Baseline uplink E-CQI message -- content and size
Huawei

R1-063058
Frequency-Domain Adaptive Precoding for EUTRA MIMO
Motorola
Alternatives:
· Alt1: Common precoding applied across all RBs allocated for a scheduled UE
· Alt2: Frequency-selective precoding per [x] RBs 
Observation: 
Expected performance difference between Alt1 and Alt2 ranges from (5-7%) to ~30% with different signaling overhead and different assumptions on the channel.

Control of the UL feedback overhead on the preferred precoding

Way forward:

· Network configures the granularity in time/frequency. 

· A set of possible resolutions is FFS.
· As small number of options as possible are preferred for the feedback scheme.

· How many bits for the feedback of the preferred precoding for support of FDD SU-MIMO?
Construction of the unitary precoding matrices
R1-063203
On the precoding codebook design for EUTRA MIMO
NEC Group

R1-063238
Aspects of Codebook-based Pre-coding for E-UTRA MIMO
Texas Instruments

R1-063261
MIMO precoding details
Samsung

R1-063311
Investigations on Pre-coding Schemes for MIMO in E-UTRA Downlink
NTT DoCoMo

R1-063313
Multi-Codebook Pre-coding Scheme for MIMO in E-UTRA Downlink
NTT DoCoMo

R1-063345
CDD-based Precoding for E-UTRA downlink MIMO
LG Electronics, Samsung, NTT DoCoMo

R1-063346
CDD-based Precoding for Open-loop E-UTRA downlink MIMO 
LG Electronics

R1-063348
Codebook design and verification for E-UTRA MIMO precoding 
LG Electronics

R1-063372
Linear Precoding for 2TX Antennas
Nokia

R1-063373
Linear Precoding desing for 4TX Antennas
Nokia

R1-063438
Precoding structure for DL-MIMO
Qualcomm Europe

Alternatives proposed:

1) Multi-rank beamforming (rank-specific precoding matrices) (including identity matrix)
2) Householder (rank-specific precoding matrices) (including identity matrix)
3) Diagonal CDD matrix multiplied with the unitary matrix (including identity matrix)
4) Combination of phase only adaptation with some kind of amplitude adaptation (e.g. antenna selection as the simplest form)
5) Random codebook with column selection for rank adaptation

Way forward:

· Limitation on the frequency granularity of the rank reported by a UE. Level of limitation to be decided in the next meeting.

· Precoding design and operation optimized for SU-MIMO for SU/MU-MIMO dynamic switching if defined
Non-codebook based precoding

R1-063287
Downlink reference signal aspects for non-codebook based pre-coding in TDD mode
CATT

R1-063288
Link level simulation results for non-codebook based pre-coding in EUTRA TDD (SVD)
CATT

R1-063289
Link level simulation results for non-codebook based pre-coding in EUTRA TDD (GBF)
CATT

R1-063511
Considerations on non-codebook based pre-coding for TDD
IPWireless
R1-063059
Direct channel feedback for obtaining channel state information at Node B in EUTRA
Motorola

R1-063060
Uplink sounding for obtaining channel state information at Node B in EUTRA
Motorola

R1-063079
Mobile Assisted Sounding Feedback for Multi-Antenna System for EUTRA
Motorola

R1-063290
Uplink transmit diversity scheme to provide full CSI to support downlink MIMO transmission for TDD operation
CATT

R1-063154
Cluster size for codebook based precoding in downlink MIMO for EUTRA
Freescale Semiconductor 

R1-063155
Precoding methodologies with rank adaptation for EUTRA MIMO
Freescale Semiconductor 

R1-063244
Combination of unitary precoding with non-unitary tracking 
Siemens

R1-063245
Performance considerations for unitary versus non-unitary precoding
Siemens

R1-063543
R1-063347
Link Performance Evaluation of Precoding Scheme according to the Cluster Size
LG Electronics

6.5.4 UE feedback

Contributions related to the layer permutation shall be under AI 6.5.1.
R1-063101
Further Performance Evaluation for DL Adaptive MIMO
Nortel

R1-063109
Differential Codebook for LTE Downlink Closed-Loop MIMO
Nortel

R1-063110
On Codebook Index Feedback and Beamforming Matrix Verification
Nortel

R1-063132
E-UTRA Incremental CQI Reporting Using DCT Coding
Ericsson

R1-063156
Efficient method for feedback reduction and feedback mechanism for precoded MIMO in EUTRA
Freescale Semiconductor 

R1-063239
Rank Feedback for MIMO E-UTRA
Texas Instruments

R1-063374
Reduced CQI design for DL SU-MIMO
Nokia

R1-063439
Analysis of support channel overhead for DL MIMO
Qualcomm Europe

R1-063467
Feedback Methods for Downlink MIMO Precoding for E-UTRA
InterDigital

R1-063470
E-UTRA Precoding Feedback Overhead
Motorola

6.5.5 Transmit diversity

Tx Diversity for SCH, Tx Diversity for the other channels 
R1-063037
System level simulations of common control channel transmit diversity
Huawei

R1-063080
Inter-sector diversity scheme for P-BCH
Toshiba Corporation

R1-063100
Discussion on the DL Transmit Diversity Scheme for Control and Data Channels
Nortel

R1-063104
SCH Search Performance with Transmit Diversity up to 4 Tx
Nortel

R1-063108
Performance Evaluation of Tx Diversity Schemes for DL Control Channel
Nortel

R1-063112
BCH Detection Performance Evaluation
Nortel

R1-063121
Comparison of SFBC and CDD for E-UTRA in noise and interference limited cases
Alcatel

R1-063133
Further results on transmit diversity for common control and data channels
Ericsson

R1-063209
Comparing Transmit Diversity Schemes for common control channels in E-UTRA Downlink
Sharp

R1-063263
Transmit diversity performance for the common control channels
Samsung

R1-063264
Transmit diversity performance for the shared data channels
Samsung

R1-063291
Transmit diversity schemes for E-UTRA SCH
CATT

R1-063312
Transmit Diversity Scheme for E-UTRA Downlink
NTT DoCoMo, Fujitsu, Institute for Infocomm Research, NEC, Panasonic, Sharp

R1-063375
Open Loop DL Transmit Diversity for the Shared Data Channel
Nokia

R1-063376
Open Loop DL Transmit Diversity for Common Control Channels
Nokia

R1-063440
Link analysis of CDD and SFBC
Qualcomm Europe

R1-063468
E-UTRA Open Loop Transmit Diversity Performance in Correlated Channels
Motorola

R1-063469
E-UTRA Open Loop Transmit Diversity
Motorola

R1-063516
Downlink Transmit Diversity Schemes for BCH Transmission
ETRI

R1-063517
Evaluation of transmit diversity schemes for SCH
ETRI

6.6      Uplink MIMO and Transmit Diversity
(Parallel session on Wednesday/Thursday)
6.6.1 SDMA
R1-063134
Uplink multi-user MIMO for E-UTRA
Ericsson

R1-063441
Analysis of SDMA for UL-SDCH
Qualcomm Europe

R1-063454
Simultaneous Transmit Diversity and Spatial Multiplexing for E-UTRA Uplink Multiuser MIMO
ITRI
Conclusion:
Continue the design work on MU-MIMO on uplink.
6.6.2 SU-MIMO
R1-063135
MIMO Spatial Multiplexing Gain in E-UTRA Uplink
Ericsson

R1-063442
Analysis for SU-MIMO for UL-SDCH
Qualcomm Europe
Proposal of 3442: addition of 64 QAM as one of the modulation formats for the E-UTRA UL transmission (concern on complexity of SU-MIMO)

R1-063464
Summary of Uplink SU-MIMO using Precoding
InterDigital

(Withdrawn)R1-063466
Uplink MIMO Precoding Feedback
InterDigital

Alternatives that should be discussed in RAN1:
1) Inclusion of 64QAM? 
· EVM should be considered.

· RAN4 should be involved.

Conclusion: 
The proponent is recommended to raise the issue in RAN1 main session as well as in RAN4.

2) Inclusion of SU-MIMO in addition to MU-MIMO?

· Need more evaluation on its implication about the UE cost and the achievable performance with realistic assumption on channel estimation etc.

· LTE UL is satisfying the uplink peak rate requirement with SIMO as defined in 25.913. Therefore, the gain in system throughput or user throughput distribution of SU-MIMO should be evaluated against MU-MIMO.

· Impact on other UL features e.g. power control, feedback scheme etc should be evaluated.

· Proper assumptions for proper evaluation would be needed.

Conclusion: 
Guidance of RAN1 or even RAN needed.

6.6.3 Transmit diversity
R1-063081
Consideration on transmit diversity in E-UTRA uplink
Toshiba Corporation

R1-063136
Diversity versus Spatial Multiplexing in E-UTRA MIMO Uplink
Ericsson

R1-063178
ST/SF Coding and Mapping Schemes of the SC-FDMA in E-UTRA Uplink
Alcatel


SFBC scheme is excluded in further discussion as it violates the SC property.

R1-063179
Performance evaluations of STBC/SFBC schemes in E-UTRA Uplink
Alcatel

R1-063314
Closed Loop-based Antenna Switching Transmit Diversity for E-UTRA Uplink
NTT DoCoMo, Institute for Infocomm Research, Mitsubishi Electric, NEC, Panasonic, Sharp

R1-063453
Analysis for UL Transmit Diversity
Qualcomm Europe
R1-063090
Performance comparison of training schemes for uplink transmit antenna selection Mitsubishi Electric, NTT DoCoMo
Alternatives identified in RAN1#47 LTE MIMO session:
1) CDD (3081, requires two power amps)

2) STBC-II (3178, requires two power amps)

3) Adaptive Switching Transmit Diversity (3314 & 3090, requires one power amp, closed loop operation)

4) Open loop antenna switching (requires one power amp)

Way forward:
· Any proposals for UL TxD should be evaluated against the open loop antenna switching as well as the single antenna transmission.
· Focus on alternatives requiring only one power amplifier (e.g. 3) and 4)) until making the conclusion on the SU-MIMO support 

· Alternatives requiring two power amplifies (e.g. 1) and 2)) will be considered if the SU-MIMO will be concluded to be supported.
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