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7.10 MIMO, Transmit Diversity and Beamforming

(Parallel session planned for Wednesday)
Summary of the conclusions from email ad hoc and conference call on MIMO to be prepared by Juho Lee. 
R1-072380
MBSFN Performance Enhancement with Spatial Multiplexing
Nortel

7.10.1 DL Precoding Details, 4 Antenna Codebook
4-TX precoding
Performance comparison & others

R1-072595
R1-072199
Link Level Evaluation of 4-TX Pre-coding for SU-MIMO 
Texas Instruments 

R1-072596
R1-072200
System Level Evaluation for 4-TX Pre-coding for SU-MIMO
Texas Instruments 

R1-072021
Link analysis of HH and DFT based precoding for 4 Tx antennas
Qualcomm Europe

R1-072592
R1-072022
System analysis of HH and DFT based precoding for 4 Tx antennas
Qualcomm Europe

R1-072235
Codebook design for 4Tx SU MIMO 
Samsung, ZTE, ETRI
R1-072593
Codebook design for 4TX antennas
NEC

R1-072599
Additional results on precoding performance for 4TX SU-MIMO
Nokia, Nokia Siemens Networks
Generic way forward contributions:

R1-072597
Way Forward on 4-Tx Antenna Codebook for SU-MIMO
Texas Instruments, Motorola, Nokia, Ericsson, NTT DoCoMo, Panasonic, Freescale Semiconductor, Nortel, Huawei, Broadcom, Comsys, Marvell Semiconductor, Nokia Siemens Networks, InterDigital, Mitsubishi Electric, Sharp
R1-072581
Way Forward on Codebook design for 4Tx SU MIMO
Samsung, ZTE, ETRI, Qualcomm, CHTTL, ITRI, Magnolia, Broadband, ASUSTec, Sunplus mMobile Inc., CGC
R1-072582
Way Forward on SU MIMO Codebook design for 4Tx dual polarized antennas
Samsung, ZTE, ETRI, ITRI, ASUSTeK, CHTTL, Magnolia Broadband, Sunplus mMobile Inc., CGC, NTT DoCoMo, Mitsubishi Electric
Way forward:
· Design criteria: 
· Alphabet: 8PSK at max
· # of codebooks: 2 at max

· … (email discussion until May 18th)
· Deadline for submission of the final proposals for 4 tx antenna precoding: June 8th.
R1-072044
Simulation Results on DL SU-MIMO Schemes for cross-polarised Antennas
Alcatel-Lucent

R1-072084
Performance comparison of precoding schemes for 4tx SU-MIMO
Panasonic

R1-072104
4Tx Antenna precoding codebook for DL SU-MIMO
ZTE

R1-072114
Codebook design for 4 TX antennas
NEC Group

R1-072148
Four Antenna Precoding Codebook for EUTRA MIMO Downlink
Motorola

R1-072149
Four Antenna Precoding Codebook for EUTRA MIMO Downlink System Performance
Motorola

R1-072201
Way Forward on 4-TX codebook for SU-MIMO
Texas Instruments 

R1-072283
Precoding performance for 4x2 LTE DL SU-MIMO
Nokia, Nokia Siemens Network

R1-072284
Precoding performance for 4x4 LTE DL SU-MIMO
Nokia, Nokia Siemens Network

R1-072375
Differential Codebook for LTE Downlink Closed-Loop MIMO
Nortel

R1-072462
4 Tx Precoding Codebooks for Polarized Setup in LTE DL
Ericsson

R1-072463
Absence of Array Calibration - Impact on Precoding Performance
Ericsson
R1-072371
Simulation evaluation of 2x2 pre-coding gain
Nortel

CDD-precoding

R1-072461
High Delay CDD in Rank Adapted Spatial Multiplexing Mode for LTE DL
Ericsson

R1-072019
CDD precoding for 4 Tx antennas
Qualcomm Europe
R1-072020
DL precoding details
Qualcomm Europe

R1-072285
Specification needs for the support of small delay CDD/PSD based precoding
Nokia, Nokia Siemens Network, Motorola

R1-072336
Optimal Small Delay Sample for 2Tx CDD-based Precoding 
LGE

R1-072337
Considerations on Small Delay Sample for 4Tx CDD-based Precoding 
LGE

R1-072421
Investigation on Precoding Scheme Using Cyclic Delay Diversity in E-UTRA Downlink
NTT DoCoMo

Feedback 
R1-072043
Adapting the frequency granularity and updating interval of UE feedback for precoding
Alcatel-Lucent

R1-072085
Rank adaptation consideration 
Panasonic

R1-072150
Frequency Selective Precoding Granularity
Motorola

R1-072366
Binary Differential Feedback Scheme for Downlink MIMO Pre-coding for E-UTRA 
InterDigital

R1-072403
Consideration of Differential Feedback for SU-MIMO
Broadcom

R1-072404
Consideration for CQI and Precoding Feedback Granularity for MIMO Operation in E-UTRAN
Broadcom

R1-072407
CQI and Precoding Granularity Feedback Requirements – System Level Analysis
Broadcom
R1-072408
Codebook Comparison for 4Tx MIMO
Broadcom

Others
R1-072384
HARQ performance enhancement
Nortel

7.10.2 DL MU-MIMO
Precoding (Node B and UE)
R1-072086
Discussion on MU-MIMO scheme
Panasonic
Proposal: Define DFT codebook that is used for both UE feedback generation and Node B transmission.
R1-072237
Performance evaluation of different MU-MIMO Schemes 
Samsung 
R1-072236
Way Forward for MU-MIMO Design
Samsung

Proposal:

· Adopt the UE codebook in Table-1 for 2-Tx antennas and in Table-2  for 4-Tx antennas MU-MIMO as the working assumption.

· The NB can semi statically restrict the codebook size per UE.

· The NB can semi statically on a per UE bases decide if vectors or unitary matrices are used for CQI calculation
· Do not introduce additional dedicated reference signals purely for MU-MIMO.
R1-072288
Codebook issues for UE feedback and eNodeB transmission for DL MU-MIMO
Nokia, Nokia Siemens Network

R1-072316
MU-MIMO codebook and associated DL control signalling
Huawei
R1-072401
User Grouping Method for PU2RC Downlink MU-MIMO
Alcatel-Lucent

R1-072422
Investigation on Precoding Scheme for MU-MIMO in E-UTRA downlink
NTT DoCoMo

R1-072464
MU-MIMO for E-UTRA DL
Ericsson

R1-072513
Details on MU-MIMO
Freescale Semiconductor

R1-072514
Codebook design for MU-MIMO
Freescale Semiconductor

Way forward on size of UE feedback codebook
· 2 tx antenna: at max 3 bits

· 4 tx antenna: at max 4 bits

Downlink support

R1-072286
LTE Multiuser MIMO and Interference Suppression in the UE
Nokia, Nokia Siemens Network

R1-072395
Suitable size of precoding codebook at eNodeB for MU-MIMO
Philips

R1-072396
Text proposal on Working Assumptions for MU-MIMO
Philips

R1-072515
Reference Signalling for MU-MIMO
Freescale Semiconductor
Interference suppression and UE feedback
R1-072287
Channel Quality Indicator (CQI) Reporting for LTE MU-MIMO
Nokia, Nokia Siemens Network
R1-072289
Number of spatially multiplexed users for LTE DL MU-MIMO
Nokia, Nokia Siemens Network

R1-072394
Definition of PMI / CQI feedback calculation for MU-MIMO
Philips

7.10.3 DL Transmit Diversity with 4 TX Antennas
Note: Tx Diversity for SCH/BCH to be discussed under agenda items 7.2/7.3. 
R1-072023
Structure of open loop TxDiv with 4 Tx antennas
Qualcomm Europe
R1-072047
Further results on QO-SFBC as a TxD scheme for 4 transmit antennas
LSI Corp.
QO-SFBC-CR proposed. 
R1-072571
R1-072238
Transmit diversity for 4-Tx antennas
Samsung

SFBC+ Balanced FSTD proposed
R1-072239
Performance of 4-Tx Antenna diversity with realistic channel estimation
Samsung
SFBC + uniform FSTD: balanced RS mapping
R1-072290
Performance comparison of transmit diversity schemes for 4 transmit antennas
Nokia, Nokia Siemens Network
SFBC + FSTD proposed
R1-072317
Transmit diversity for 4 TX antenna NodeB
Huawei
SFBC+PSD proposed
R1-072338
4Tx Transmit Diversity Scheme for Downlink Shared Data Channel 
LGE

R1-072339
Transmit Diversity Scheme for Downlink L1/L2 Control Channel 
LGE

R1-072370
Link level simulation results in performance evaluation of TxD schemes for 4 Tx
Nortel
SFBC + FSTD proposed
R1-072372
Simulation evaluation of the four Tx diversity gain for DL control channel
Nortel

R1-072405
SFBC Definition Based on the 3GPP WCDMA/HSDPA Standard 
Broadcom, Lucent-Alcatel, Huawei, Nokia
R1-072423
Transmit Diversity Scheme for Control Channel in E-UTRA Downlink
NTT DoCoMo, Fujitsu, Institute for Infocomm Research, KDDI, Mitsubishi Electric, NEC, Panasonic, Toshiba Corporation
R1-072424
Transmit Diversity Scheme for Shared Data Channel in E-UTRA Downlink
NTT DoCoMo

R1-072465
4 Tx Transmit Diversity in LTE DL
Ericsson
R1-072383
Way forward for TxD scheme for 4 Tx
Nortel

Alternatives
Alt1: QO-SFBC-CR

Alt2: SFBC+ Balanced FSTD
Alt3: SFBC + FSTD with (1,3), (2,4) pairing (antenna mapping - uniform RS)

Alt4: SFBC + FSTD with (1,2), (3,4) pairing (antenna mapping - non-uniform RS)

Alt5: SFBC + PSD

Alt6: Unbalanced SFBC+FSTD (only for PDSCH)
Way forward:


· SFBC + FSTD structure with (1,2) & (3,4) pairing (common for control and data)
· SFBC definition
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· Revised SFBC definition
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· SFBC + FSTD with (1,3) & (2,4) pairing (uniform RS mapping)
· Need for having different TxD scheme for control and data

· Unbalanced SFBC+FSTD (only for PDSCH, R1-072338)
· SFBC+ Balanced FSTD (R1-072571)
7.10.4 DL Beamforming
R1-072024
Dedicated RS for beamforming
Qualcomm Europe

R1-072397
Phase Reference for DL Beamforming
Philips

R1-072425
Dedicated Reference Signal for Beamforming in E-UTRA Downlink
NTT DoCoMo
7.10.5 UL Antenna Switching
R1-072240
Performance of orthogonal Hybrid ARQ for multi-user MIMO in E-UTRA uplink
Samsung

R1-072340
Consideration on sounding reference signal for closed-loop antenna switching in E-UTRA uplink 
LGE

R1-072379
Further discussion on UL closed-loop adaptive antenna switching 
Nortel

R1-072386
UL MU-MIMO performance improvement
Nortel
