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Introduction

This document summarizes the outcome of the LTE MIMO session held on August 30, 2006.

Overview
About 70 contributions were submitted (see Annex) for discussion in the LTE MIMO session, 28 contributions among which were discussed. 
The topics discussed are as follows: 
· outcome of email discussion

· maximum number of codewords that can be sent to a UE

· support of MU-MIMO 

· DL transmit diversity

Agreements

Agreements of the session as follows:
1) Regarding the maximum number of codewords that can be sent to a UE, multiple codewords were agreed, which does not automatically imply any specific receiver implementation.

2) For both FDD (reconfirmed the decision from Shanghai for FDD) and TDD, the common reference signal, which can be used by some UEs for the downlink CQI estimation and/or the selection of the preferred pre-coding vector(s), should not be pre-coded (or beamformed).

3) Both SU- and MU-MIMO are supported.
4) Precoding for DL MIMO
A. Unitary precoding matrix is used for support of the SU-MIMO.

B. UE feedback is based on the codebook-based precoding for FDD.

5) UE feedback

A. transmission of a known signal pattern(s) to provide channel state information to support downlink MIMO transmission for TDD operation.
B. CQI report
It is proposed to endorse the agreements.

Way forward

The MIMO session suggests the followings as the way forward for the next meeting.
Prioritization of topics:

Discussion on the downlink part will be prioritized in the next meeting, taking into account the agreed time plan for RAN1 works. 

Spatial multiplexing:

Comparisons between the layer permutation-based and the non-permutation-based approaches assuming the same CQI feedback overhead are invited to progress the discussion on the SU-MIMO scheme.
Contributions on the maximum number of codewords, which should be either 2 or 4, for 4 transmit antennas are invited aiming to make conclusion.
Transmit diversity scheme for SCH:

On the transmit diversity scheme for SCH, it is suggested to select one among 

1) TSTD

2) FSTD

3) Precoding vector switching

Transmit diversity scheme(s) for the other common control channel(s) than SCH:
For the other common control channel(s) than SCH, the transmit diversity scheme(s) would be selected among 
1) Rank 1

A. CDD (or PSD) (for both 2 tx and 4 tx antennas)

B. FSTD (for both 2 tx and 4 tx antennas)

2) Rank 2

A. SFBC (only for 2 tx antennas)

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

C. SFBC + FSTD (4 tx antennas)

For the candidates listed above, the followings were observed.
· Single cell performance without correlated channel: (assuming TC)

· 2 tx antenna: SFBC slightly better (0.3 ~ 0.5 dB) than CDD

· 4 tx antenna: SFBC+CDD(or FSTD) slightly better (0.3 ~ 0.5 dB) than CDD

· Single cell performance with correlated channel: (assuming TC)

· 1 tx antenna

· See below

· 2 tx antennas

· SFBC slightly better (0.3 ~ 1 dB depending on the channel) than CDD: SCM-C or suburban macro

· FSTD slightly better (0.8 ~ 1 dB) than CDD: suburban macro

· SFBC is about 0.5 worse than 1x2 configuration (same total Node B tx power assumed)

· 4 tx antennas
· SFBC+CDD slightly better (0.3 ~ 0.5 dB) than CDD: SCM-C

· FSTD (or SFBC + FSTD) better (up to ~2 dB) than CDD: suburban macro

· Detection of the antenna configuration and TxD scheme in the initial cell search

· FFS
· Depending on transmit behaviour, multiplex tx antennas does not necessarily appear as multiple antennas transmission from a UE perspective.
The following assumptions were agreed for further evaluation of different proposals:
· No UE feedback regarding the selection of the TxD scheme

· Correlated channel situation (antenna spacing = 4*lambda)

· SCM

· FDM reference signals between antennas

· Intercell interference preferably should model system behaviour. (There could be cases that don’t have a single dominant interferer). 

· This doesn’t imply that system level simulation is necessarily required.

· Target error rate = 1% for the serving cell

· Convolutional coding with rate = 1/3 or less

· 2 rx antennas

· Realistic assumptions regarding channel estimation, intercell interference estimation etc.

· Frequency reuse factor > 1 may be considered.

· Reference case: 1x2 configuration

Conclusion
It is proposed to endorse this summary.

Annex
8.5    MIMO, Transmit Diversity and Beamforming
Summary of the conclusions from email ad hoc on MIMO to be prepared by Juho Lee
R1-062225
Summary of LTE MIMO email discussion
Samsung
General
R1-062105
Downlink MIMO scheme in E-UTRA
"NTT DoCoMo, Fujitsu, Institute for Infocomm Research, Mitsubishi Electric, NEC, Sharp"
DL number of codewords
Single codeword

R1-061965
MLD vs SIC Complexity Analysis for 2x2 MIMO OFDM
Intel Corporation

R1-061966
Performance Comparison of MCW-SIC and SCW-MLD
Intel Corporation

R1-061990
Comparison between SCW and MCW with and without precoding
Intel Corporation
R1-062368
MIMO Performance using STTCC for E-UTRA Downlink
Philips
Multiple codewords
R1-062015
"Performance of Per Group Rate Control (PGRC) with Advanced MIMO Receiver"
Texas Instruments

R1-062041
Link evaluation of DL MIMO with and without frequency selective scheduling - No precoding
Qualcomm Europe

R1-062044
Link analysis of DL MIMO - Sphere decoding vs. SIC receiver
Qualcomm Europe

R1-062045
System Analysis of DL Single User MIMO OFDMA
Qualcomm Europe -> treated in main session on day 2.
R1-062106
Investigation on Optimum Number of Codewords for MIMO Multiplexing in E-UTRA Downlink
NTT DoCoMo, LG Electronics, Mitsubishi Electric, NEC, Sharp

R1-062177
Discussion on MIMO Codeword
Panasonic

R1-062227
Link performance of SCW and MCW MIMO
Samsung

SU- and MU-MIMO
R1-062043
System operation of SU-MIMO and MU-MIMO
Qualcomm Europe

R1-062228
Dynamic Mode Switching between Single and Multi-User MIMO 
Samsung
DL precoding
R1-061959
Beamforming for correlated channels
Philips
R1-062229
Performance Comparison of Unitary vs. Non-Unitary Precoding 
Samsung

R1-061967
Performance Benchmark for a New Unitary Precoding Scheme with Uniform MCS Allocation
Intel Corporation

R1-061991
A low feedback scheme for precoding
Intel Corporation

R1-062016
Codebook Design for E-UTRA MIMO Pre-Coding
Texas Instruments

R1-062042
Link evaluation of DL MIMO with and without frequency selective scheduling - Precoding
Qualcomm Europe

R1-062078
Proposal for Dedicated Pilots in Downlink Closed-Loop Beamforming
Motorola

R1-062122
Link Analysis of Multi-rank beamforming
NEC Group

R1-062148
Performance evaluation of downlink closed loop schemes for 4-branch LTE
Nortel

R1-062163
Unified Precoder Architecture for LTE Downlink MIMO
InterDigital

R1-062184
Link performance of codebook based precoded MIMO transmission schemes
Freescale Semiconductor

R1-062189
Frequency Domain Adaptive Precoding for E-UTRA MIMO
Motorola

R1-062208
Performance Evaluation of Codebook-based Precoding
ZTE

R1-062284
System level comparison between MIMO and slow beamforming in OFDM DL for the installed 2x2 multi-antenna systems
Ericsson
R1-062290
Further consideration on the downlink reference symbols of beam-forming for EUTRA TDD
CATT

R1-062291
Non-codebook based pre-coding for E-UTRA TDD Downlink
CATT

R1-062292
Downlink reference signal aspects for non-codebook based pre-coding in TDD mode
CATT

R1-062316
Precoding scheme for 2 tx antenna system
LG Electronics

R1-062317
Precoding scheme with ACDD for 2tx and rank 1
LG Electronics

R1-062355
Linear Precoding for single stream transmission from 2TX antennas
Nokia
DL TxD
R1-061960
Repetitive Space Time Block Coding for Transmit Diversity in E-UTRA
Philips
R1-061963
System-level evaluation of open loop transmit diversity schemes without CQI feedback
Intel Corporation

R1-062279
Multi antenna transmission scheme for common control channels 
Ericsson

R1-062255
Improved Performance of the Cyclic Shift Diversity Scheme in the E-UTRA Downlink
Sharp

R1-062356
On 2 Antenna Open Loop DL Transmit Diversity
Nokia

R1-061962
Link layer evaluation of downlink open loop transmit diversity schemes in the presence of co-channel interference
Intel Corporation

R1-062135
Comparison of downlink transmit diversity schemes with inter-cell interference
Huawei

R1-062190
Interference and Open Loop Transmit Diversity Reception
Motorola

R1-062302
Time varying CDD/CSD
Siemens

R1-062357
On 4 Antenna Open Loop DL Transmit Diversity
Nokia
R1-062172
Performance comparisons of open-loop transmit diversity techniques for four transmit antennas
Institute for Infocomm Research, NTT DoCoMo

R1-062226
Transmit diversity performance of CDD and block codes
Samsung

R1-061961
System-level evaluation of  transmit diversity schemes with frequency-dependent scheduling
Intel Corporation

R1-061964
Comparing downlink transmit diversity schemes for EUTRA
Intel Corporation

R1-062107
Multi-Degree Cyclic Delay Diversity with Frequency-domain Channel Dependent Scheduling
NTT DoCoMo

R1-062147
Performance evaluation of downlink open loop schemes for 2 and 4-branch LTE
Nortel

R1-062149
Improvement of the performance of the open loop schemes by using sphere decoder as an efficient and moderate complexity receiver
Nortel

R1-062314
Generalized CDD scheme for E-UTRA downlink MIMO
LG Electronics

R1-062315
Generalized CDD Scheme with Channel Dependent Scheduling
LG Electronics

R1-062326
Comparison of transmit diversity schemes for E-UTRA
Alcatel

UE feedback

R1-062076
Uplink sounding for obtaining channel state information at Node B in EUTRA
Motorola

R1-062077
Direct channel feedback for obtaining channel state information at Node B in EUTRA
Motorola

R1-062133
Reduction of Signalling for MIMO Precoding
Huawei

R1-062134
Baseline uplink E-CQI message – content and size
Huawei

R1-062143
Study of the feedback overhead on the performance of closed loop schemes for 4-branch LTE
Nortel

R1-062178
Discussion on MIMO feedback
Panasonic

R1-062278
E-UTRA Incremental CQI Reporting Using DCT Coding 
Ericsson
MIMO for E-MBMS

R1-062298
Hierarchical MIMO scheme for E-MBMS
CATT
DL Others

R1-062366
MIMO resource definition for E-UTRA
Philips, Ericsson

R1-062393
Generic Processing Chain for E-UTRA MIMO-OFDM Proposals
Alcatel, BenQ Mobile, Elektrobit, Ericsson, France Telecom, Siemens, Telefonica, Lucent
UL SDMA

R1-062074
Link Simulation Results for UL Virtual MIMO
Motorola

R1-062075
Uplink System Performance with UL Virtual MIMO
Motorola

R1-062162
Uplink SDMA-MU-MIMO using Precoding for E-UTRA
InterDigital

R1-062196
Simultaneous Transmit Diversity and Spatial Multiplexing for E-UTRA Uplink Multiuser MIMO
ITRI
UL SU-MIMO
R1-062159
Comparison of SCW and MCW for UL MIMO Using Precoding
InterDigital

R1-062160
Uplink MIMO Precoding Using Differential Feedback
InterDigital

R1-062161
PAPR Considerations for UL MIMO Using Precoding
InterDigital
UL TxD

R1-062108
Low cost training for transmit antenna selection on the uplink
Mitsubishi Electric

R1-062192
Consideration on transmit diversity in E-UTRA uplink
Toshiba Corporation

R1-062287
Closed Loop-based Antenna Switching Transmit Diversity for E-UTRA Uplink
NTT DoCoMo, Institute for Infocomm Research, NEC, Panasonic, Sharp
