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7.9 DL MIMO, Transmit Diversity and Beamforming

(Parallel session on Wednesday)
Summary of the conclusions from email ad hoc and conference call on MIMO to be prepared by Juho Lee.
7.9.1 Precoding Details, 4 Antenna Codebook
4 antenna codebook

R1-071799
Way Forward on 4-Tx Antenna Codebook for SU-MIMO
Texas Instruments, Motorola, Nokia, Freescale Semiconductor, Nortel, NTT DoCoMo, Panasonic, Huawei, Broadcom, Comsys, Marvell Semiconductor, Mitsubishi Electric
Support: Texas Instruments, Motorola, Nokia, Freescale Semiconductor, Nortel, NTT DoCoMo, Panasonic, Huawei, Broadcom, Comsys, Marvell Semiconductor, Mitsubishi Electric, Siemens, IDC (14)
Not support: Ericsson, ETRI, Samsung, LGE, ZTE, ITRI, Qualcomm (7)
Conclusion: 

The way forward of R1-071799 was objected by Ericsson, Qualcomm, LGE, Samsung, ETRI, ZTE.
Concerns raised by the objecting companies to object the way forward of R1-071799:
· The scheme proposed in R1-071799 appeared today (28 March 2007) and other companies could not have chance to evaluate the scheme.

· Proposing companies did not provide the system performance results. (TI remarked that the baseline for comparison agreed in R1#48 meeting was the link level simulation results.)
R1-071796
R1-071286
Link analysis for 4x2 and 4x4 Precoder Set Decision 
Qualcomm Europe
R1-071798
Precoding Codebook Design For 4 Node-B Antenna
TI

R1-071287
System analysis for 4x2 and 4x4 Precoder Set Decision
Qualcomm Europe

R1-071307
Link analysis of 4Tx codebook design for DL SU-MIMO 
ZTE
R1-071439
Four Antenna Precoding Codebook for EUTRA MIMO Downlink
Motorola

R1-071480
Precoder Design For 4 Node-B Antennas
Texas Instruments

R1-071500
Codebook Design for 4TX antennas
NEC Group 
R1-071521
Codebook design for 4-tx SU-MIMO
Panasonic -> withdrawn
R1-071540
Codebook design and evaluation for E-UTRA MIMO precoding - 4Tx scheme
LG Electronics

R1-071562
Precoding for 4TX SU-MIMO 
Samsung

R1-071603
4 Tx Codebooks for Precoding in LTE DL
Ericsson

R1-071622
Precoding for polarized 4Tx configurations
Samsung

R1-071669
Multi-rank Codebook Precoding Performance for 4x2 LTE DL SU-MIMO
Nokia

R1-071670
Multi-rank Codebook Precoding Performance for 4x4 LTE DL SU-MIMO
Nokia

UE feedback

R1-071424
Predecoding details - Adapting the frequency granularity and updating interval of UE feedback for precoding
Alcatel-Lucent
R1-071513
Consideration for CQI and Precoding Feedback Granularity for MIMO Operation in E-UTRAN
Broadcom
R1-071522
Rank adaptation consideration
Panasonic

R1-071604
Performance Impact of Single Rank Report
Ericsson

R1-071711
Frequency Selective Precoding Granularity
Motorola
R1-071452
Differential Feedback for LTE Downlink Closed-Loop MIMO
Nortel

R1-071512
Consideration of Differential Feedback for SU-MIMO
Broadcom, Interdigital, Nortel

R1-071602
Absence of Array Calibration - Impact on Precoding Performance
Ericsson

TDD precoding
R1-071749
Pre-coding for EUTRA TDD
CATT
Others
R1-071284
Link analysis for 2x2 CDD precoding
Qualcomm Europe

R1-071285
Link analysis for 4x2 and 4x4 CDD-based precoding
Qualcomm Europe
R1-071509
Downlink reference signalling for MU-MIMO
Freescale Semiconductor Inc.

R1-071538
Optimal delay sample for 2Tx CDD-based precoding
LG Electronics
R1-071539
Considerations on delay sample for 4Tx CDD-based precoding
LG Electronics
R1-071601
High Delay CDD in Rank Adapted Spatial Multiplexing Mode for LTE DL
Ericsson
R1-071636
Investigation on Robust Precoding Scheme Using Cyclic Delay Diversity in E-UTRA Downlink
NTT DoCoMo

R1-071668
Specification Needs for the Support of Small Delay CDD/PSD based Precoding
Nokia, Motorola
7.9.2 MU-MIMO
MU-MIMO scheme proposals
R1-071403
Performance of LTE DL MU-MIMO with dedicated pilots
Philips

R1-071411
Performance comparison of MU-MIMO schemes
HUAWEI
R1-071523
MIMO codebook design for MU-MIMO
Panasonic

R1-071605
MU-MIMO for E-UTRA DL
Ericsson

R1-071606
MU-MIMO Operation in E-UTRA DL
Ericsson -> withdrawn
R1-071510
Details of Zero-forcing MU-MIMO for DL EUTRA
Freescale Semiconductor Inc.

R1-071511
Results on Zero forcing MU-MIMO
Freescale Semiconductor Inc.
R1-071797
Precoding for MU-MIMO
Samsung, Panasonic

Proposal of 1797: 2-bit (size = 4) DFT unitary codebook for Node B transmission as well as UE feedback generation for non-polarized antenna setup 

Working assumption: 

· Define codebook for Node B transmission 

· Unitary codebook (collection of the unitary matrices) for UE feedback generation (from Riga): this does not impose any limitation on the selection of the preferred precoding vector (contained in a unitary matrix of the codebook).
Questions to be addressed in the next meeting
Q1) codebook for Node B transmission and UE feedback generation
Q1a) definition: same or different?
Q1b) size: same or different? 

Q2) DL indication: the transmission precoding vector for each UE or the matrix consisting of the vectors allocated for the simultaneously scheduled UEs

Q3) Assumption for CQI calculation regarding simultaneously scheduled UEs: no or yes (if yes, how many?)

Q4) Scenarios for application of MU-MIMO: high/low spatial correlation? What else?
Q4a) Feedback overhead needed for the considered scenario?

How to specify MU-MIMO?
R1-071401
Text proposal on working assumptions on MU-MIMO
Philips

R1-071402
Specifications required for support of precoding feedback for SU- and MU-MIMO
Philips

R1-071412
Standardization of MU-MIMO
HUAWEI

7.9.3 Transmit Diversity

Note: Tx Diversity for SCH, Tx Diversity for BCH, Tx Diversity for the other channels
Agreed Working Assumption:
For DL-SCH and L1/L2 control channels (i.e., excluding BCH) in E-UTRA downlink, 

· adopt SFBC as the open loop transmit diversity mode for 2 Tx.

· adopt SFBC-based open loop transmit diversity techniques for 4 Tx.

Note: 
Samsung, Motorola, and ITRI still had concern on the Interference Rejection Combining performance / complexity aspect between CDD and SFBC. 
R1-071784
Way Forward on Transmit Diversity for E-UTRA Downlink Shared Data Channel and L1/L2 Control Channels
Nortel, Ericsson, Alcatel-Lucent, Nokia, NTT DoCoMo, Fujitsu, Huawei, Siemens, Broadcom, Texas Instruments, Agere, Mitsubishi, Institute for Infocomm Research, NEC

ZTE and Philips supported the proposal of 1784.
PDSCH
R1-071776 
R1-071564
Updated link performance of transmit diversity for the shared data channel
Samsung
R1-071607
Tx Diversity in LTE DL
Ericsson

R1-071801
R1-071272
Performance Comparison of Downlink Tx Diversity with 4 Tx antennas
Agere Systems

R1-071288
Link analysis for 2x2 TxD for PDSCH
Qualcomm Europe
R1-071790
R1-071413
Transmit diversity for shared data channels in E-UTRA
HUAWEI

R1-071425
Transmit Diversity - Comparison of SFBC and CDD with 2 Tx and 2 Rx antennas for data channels
Alcatel-Lucent
R1-071453
Transmit Diversity Scheme for Shared Data Channel for 2 Tx
Nortel

R1-071454
Transmit Diversity Scheme for Shared Data Channel for 4 Tx
Nortel

R1-071455
Further Simulation Results for TxD Scheme Comparison for Shared Data Channel
Nortel

R1-071637
Transmit Diversity Scheme for Shared Data Channel in E-UTRA Downlink
NTT DoCoMo

R1-071456
Discussion on Transmit Diversity for Downlink Control and Data Channels 
Nortel

R1-071457
Transmit Diversity Way Forward for E-UTRA Downlink Shared Data Channel
Nortel, Ericsson, Alcatel-Lucent, Nokia, Huawei, Siemens, Broadcom

R1-071671
Open Loop DL Transmit Diversity for the Shared Data Channel
Nokia

PDCCH

R1-071333
E-UTRA Open Loop Transmit Diversity Performance in Correlated Channels
Motorola
R1-071334
E-UTRA Open Loop Transmit Diversity
Motorola

R1-071563
Transmit diversity performance for the control channels
Samsung

R1-071638
Transmit Diversity Scheme for Common/Shared Control Channel in E-UTRA Downlink
NTT DoCoMo

R1-071672
Open Loop DL Transmit Diversity for Common Control Channels
Nokia
MBSFN
R1-071639
Transmit Diversity Schemes for MBMS in E-UTRA Downlink
NTT DoCoMo

Conclusion:
No TxD scheme is specified for MBSFN MBMS.
7.9.4 Beamforming
R1-071755
R1-071608
Beamforming with eight transmit antennas for E-UTRA DL
Ericsson

R1-071748
Improving Cell-edge Data Rate with Beam-forming for EUTRA TDD
CATT, ZTE
Agreed observations on the dedicated beamforming:

· Assuming the ideal channel estimation for both demodulation and forming the beam, going from 4 to 8 antennas is helpful for improving the cell-edge data rate (with 8 antenna assumed), compared to the fixed precoding, but not for improving the common channel coverage. 

· Beamforming with the half lambda spacing assumed.
· Needed to consider additional cost for Node  B implementation and the related overhead (feedback signalling, reference signal etc.) if exists
· For the alternative frame structure, it was previously observed that the dedicated beamforming (with real channel estimation) is helpful for improving the cell-edge data rate compared to the single antenna transmission.

· Needed to consider additional cost for Node  B implementation and the related overhead (feedback signalling, reference signal etc.) if exists

· It was noted that multi-antenna beamforming is being used for 1.28Mcps TDD

· For both FDD and TDD, coverage of the common channel can be improved by another way e.g. power boosting.

R1-071427
Beamforming - DL SU-MIMO Schemes for cross-polarised Antennas
Alcatel-Lucent

