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6.7 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.
R1-070343
LTE MIMO email discussion summary
Samsung
Conclusion:

· Agreed on that codebook based precoding will be supported for TDD as well.
· Continue discussion on whether non-codebook based pre-coding shall be supported for TDD and if so, how.  
R1-070345
Text Proposal for MIMO resource definition for E-UTRA
Philips -> withdrawn
6.7.1 Mapping of codewords to layers
R1-070130
Considerations on codewords to layers mapping for downlink MIMO
Samsung

R1-070235
Codeword to layer mapping for SU-MIMO
LG Electronics

R1-070269
Multi-Codeword Principles for E-UTRA MIMO
Texas Instruments

R1-070385
Layer to Codeword mapping for DL SU-MIMO
Nokia
Conclusion:

· DL signaling supports for Node B’s overriding the rank reported from the UE (working assumption)
· Full flexibility for mapping between HARQ process ID and CW (working assumption)
· Fixed mapping between CWs to layers (working assumption)
· Rank1: CW1 to 1st layer (working assumption)
· Rank2: CW1 to 1st layer, CW2 to 2nd layer (working assumption)
· Rank3: CW1 to 1st layer, CW2 to 2nd and 3rd layers (working assumption)
· Rank4: 

· Working assumption: CW1 to 1st and 2nd layers, CW2 to 3rd and 4th layers

· Working assumption may be revisited in R1#48 meeting regarding the issues identified below

· FFS: CW1 to 1st layer, CW2 to 2nd, 3rd, 4th layers

· Issues identified (check the situation in the next meeting)

· Performance difference between 2+2 and 1+3

· Diversity aspect 2+2 vs 1+3 regarding CQI imperfection under practical conditions

· Implication of Node B overriding the rank reported from the UE on CQI mismatch.

· System operation scenario and UE implementation complexity

6.7.2 Precoding details 

Codebook based vs non-codebook based precoding for TDD

R1-070201
Non-codebook based precoding in E-UTRA TDD 
ZTE

R1-070293
Single user throughput simulation results for non-codebook based pre-coding in EUTRA TDD
CATT

R1-070294
Link level simulation results for non-codebook based pre-coding in EUTRA TDD (GBF)
CATT

R1-070295
Link level simulation results for non-codebook based pre-coding in EUTRA TDD (SVD)
CATT

R1-070482
On MIMO operation in TDD
Ericsson

R1-070576
R1-070490
Consideration on non-codebook based pre-coding for TDD
IPWireless

Way forward:
Try to make the final decision in R1#48 meeting. 

R1-070062
Mobile Assisted Non-codebook based precoding for TDD
Motorola

R1-070491
Comparison between codebook and non-codebook based pre-coding for TDD
IPWireless -> withdrawn
Precoding codebook proposals

R1-070093
Investigations on Codebook Size for MIMO Precoding in E-UTRA Downlink
NTT DoCoMo


Proposing 5 and 10 RBs for 10MHz system BW and 10 TTIs assuming low speed.

R1-070236
Precoding for E-UTRA downlink MIMO
LG Electronics, Samsung, NTT-DoCoMo

Precoding codebook construction (focusing on optimizing SU-MIMO)

Conclusion:

· Working assumption: Rank non-specific precoding codebook
· For a given codebook, predefine (i.e. no dynamic update) a set of M precoding matrices of 2x2 for 2tx antenna, where 2x2 identity matrix may be configured by the network to be included in the set. 

· For a given codebook, predefine (i.e. no dynamic update) a set of N precoding matrices of 4x4 for 4tx antenna, where 4x4 identity matrix may be configured by the network to be included in the set.

· Rank adaptation by selecting a non-square precoding matrix that is a part of a square precoding matrix.
· FFS: 

· Performance benefit of less restrictive approaches 

· The working assumption may be revisited in R1#48 meeting if needed.

· Can UE assume that Node B should use the precoding matrix reported by the UE?

· Further limitation on the codebook (including the associated signalling scheme)
· UE capability
· Node B’s expectation on the usage of the codebook 
R1-070094
Multi-Codebook Pre-coding Scheme for MIMO in E-UTRA Downlink
NTT DoCoMo
R1-070119
Inter-cell interference rejection performance for CDD-type transmission
Huawei

R1-070131
MIMO precoding for E-UTRA Downlink
Samsung

R1-070237
System Level Evaluation of the CDD-based Precoding
LG Electronics

R1-070238
Codebook evaluation for E-UTRA MIMO precoding - 2Tx and 4Tx rank 1
LG Electronics

R1-070360
Codebook based precoding for MIMO EUTRA
NEC Group

R1-070434
Precoding details for DL MIMO
Qualcomm Europe

R1-070168
Beamforming Compact Codebook Method and Results in E-UTRA
Broadcom

R1-070202
Codebook Design for E-UTRA MIMO  
ZTE
R1-070239
Codebook design and evaluation for E-UTRA MIMO precoding - 4Tx rank 1~2 scheme
LG Electronics -> withdrawn
6.7.3 UE feedback

UE feedback granularity
R1-070125
Effects of frequency selective feedback on precoding in E-UTRA downlink
Alcatel-Lucent

R1-070154
Further results on Frequency Domain Adaptive Precoding for E-UTRA MIMO
Motorola

R1-070155
Frequency-Domain Adaptive Precoding Granularity for EUTRA
Motorola

R1-070191
Frequency selective/non-selective precoding for SU-MIMO
Panasonic

R1-070220
Overview and Way forward on MIMO Precoding in DL EUTRA
Freescale Semiconductor

R1-070120
On the precoding feedback granularity for DL MIMO
Huawei
R1-070577
R1-070133
MIMO System Performance with variable frequency granularity of UE feedback
Samsung

R1-070134
MIMO Link Performance with variable frequency granularity of UE feedback
Samsung

R1-070274
Rank Feedback For MIMO E-UTRA
Texas Instruments

R1-070386
Performance of frequency dependent precoding for 2x2 LTE DL SU-MIMO
Nokia

R1-070387
On UL Feedback of DL SU-MIMO Rank and DL SU-MIMO Rank Adaptation
Nokia

R1-070460
Further results on the impact of speed, feedback period, and sub-channel bandwidth on the performance of downlink closed loop schemes for 4-Tx LTE
Nortel

R1-070169
Beamforming Frequency and Time Update Requirements in E-UTRA
Broadcom
R1-070240
Link Performance Evaluation of Precoding Scheme According to the Cluster Size
LG Electronics

Conclusion:
Frequency granularity for UE feedback

· Precoding feedback information

· Working assumption: one per 2/5/10/whole RBs (configured by the network)

· Motorola, Samsung, Nortel, TI, Alcatel-Lucent, IDC, LGE, DoCoMo, Panasonic, ZTE, NEC, Broadcom, Ericsson, Huawei (single report over the selected best RBs in case of whole RBs), Freescale, Qualcomm

· FFS: single report over the selected best RBs

· Huawei, Nokia

· Working assumption may be revisited in R1#48 meeting if needed.

· Rank feedback information

· Working assumption: single report over the whole bandwidth (pending the results for the >5MHz system BW)

· TI, Broadcom, Qualcomm, Nokia, Huawei, IDC, DoCoMo, Nortel, Ericsson, Panasonic, Siemens, NEC, Freescale

· FFS: same as the precoding (configured by the network) (there may be a mechanism for reducing the overhead when combined with the precoding feedback information)

· Samsung, Alcatel-Lucent

· Working assumption may be revisited in R1#48 meeting if needed.

· CQI feedback: ?

Time granularity
· Working assumption: configured by the network (similar to CQI in HSDPA)
Number of bits for precoding-related UE feedback

R1-070193
MIMO codebook size discussion for both MU- and SU-MIMO
Panasonic

R1-070132
Performance of Precoded Single User MIMO with LMMSE receiver
Samsung

R1-070270
Further Details on Codebook-Based Pre-coding for E-UTRA
Texas Instruments

R1-070271
Precoding Codebook Design For 2 Node-B Antennas
Texas Instruments

R1-070272
Precoding Codebook Design For 4 Node-B Antennas
Texas Instruments
R1-070573
R1-070466
Precoding Considerations in LTE MIMO Downlink
Ericsson

Initial estimate of upper bound on number of precoding possibilities per a selected rank 
(Note: the initial estimate should not imply any limitation on the selection of the precoding scheme)
Upper bound for SU-MIMO with 2 tx antennas at Node B: 2 - 12
· TI: 8 
· Huawei: 8

· Samsung: 12

· Motorola: 8

· Ericsson: 8 (>= 2)
· IDC: 8

· DoCoMo: 8

· NEC: 8

· Nokia: 8 (>= 4)

· Freescale 8
· LGE: 8

· Panasonic: 8

· Qualcomm: 12
Upper bound for SU-MIMO with 4 tx antennas at Node B: 16 - 32
· TI: 16

· Huawei: 16

· Samsung: 24

· Motorola: (roughly) 16

· Ericsson: 16

· IDC: (roughly) 16

· DoCoMo: 16

· NEC: 32

· Nokia: 32 

· Freescale 32

· LGE: 16

· Panasonic: 16
· Nortel: 32

· Qualcomm: 24
Upper bound for MU-MIMO with 2 tx antennas at Node B: ? - ?
· TI: ?

· Huawei: ?

· Samsung: ?

· Motorola: ?

· Ericsson: 4

· IDC: ?

· DoCoMo: ?

· NEC: ?

· Nokia: ?

· Freescale: 32

· LGE: ?

· Panasonic: 4

· Nortel: ?

· Qualcomm: ?

Upper bound for MU-MIMO with 4 tx antennas at Node B: ? - ? 
· TI: ?

· Huawei: ?

· Samsung: ?

· Motorola: ?

· Ericsson: 4

· IDC: ?

· DoCoMo: ?

· NEC: ?

· Nokia: ?

· Freescale: 32

· LGE: ?

· Panasonic: 4

· Nortel: ?

· Qualcomm: ?

R1-070457
On Codebook Index Feedback and Beamforming Matrix Verification
Nortel

R1-070574
R1-070467
CQI delay impact on downlink multi-antenna systems for E-UTRA
Ericsson
Feedback information 

R1-070157
Uplink sounding for obtaining channel state information at Node B in EUTRA
Motorola

R1-070296
Uplink transmit diversity scheme to provide full CSI to support downlink MIMO transmission for TDD operation
CATT

R1-070207
Assistant Feedback Channel for E-UTRA TDD to Report Downlink Transmission CQI and ACK/NACK 
ZTE -> withdrawn
R1-070156
Direct channel feedback for obtaining channel state information at Node B in EUTRA
Motorola

R1-070192
UE feedback information for MIMO support
Panasonic
R1-070200
UE Feedback Aspects for Downlink MIMO in E-UTRA 
ZTE

R1-070543 
R1-070170
UE Feedback Classification and CQI Characterization in E-UTRAN
Broadcom

Feedback scheme
R1-070221
Efficient method for feedback reduction and feedback mechanism for precoded MIMO in EUTRA
Freescale Semiconductor

R1-070273
Views on MIMO-Related UE Feedback
Texas Instruments

R1-070309
Dual tracking mode feedback for unitary precoding
Siemens

R1-070388
Reduced CQI design for DL SU-MIMO
Nokia

R1-070435
UE feedback for DL MIMO
Qualcomm Europe
R1-070158
Precoding Feedback Overhead
Motorola
R1-070458
Differential Codebook for LTE Downlink Closed-Loop MIMO
Nortel
6.7.4 MU-MIMO

R1-070222
Aspects of SU/MU Switching and MU-MIMO in DL EUTRA 
Freescale Semiconductor
Working assumption for support of SU- and MU-MIMO:

· Semi-static configuration of SU-MIMO or MU-MIMO per a UE

· Only one layer (in another word, only transmission rank of one) is allocated to a UE configured to be in MU-MIMO transmission

R1-070608
R1-070223
Scheme for MU-MIMO in DL EUTRA
Freescale Semiconductor

R1-070318
Link-level results for multiuser eigenmode transmission with limited feedback
Alcatel-Lucent

R1-070346
Comparison of MU-MIMO feedback schemes with multiple UE receive antennas
Philips

R1-070347
Receiver Phase Reference for Support of MU-MIMO
Philips
Topics for further discussion:
· Performance gain taking into account the required overhead

· What should be specified in the standard?

· Signalling to be specified should be able to be tested resulting in a set of performance requirements defined in the standard.
6.7.5 Transmit diversity

Tx Diversity for SCH, Tx Diversity for the other channels
Conclusion: email discussion to be held (to be moderated by Juho Lee)
TxD for SCH

R1-070023
Comparison of SCH diversity schemes in initial cell search
ETRI

R1-070446
Transmit Diversity for Synchronization and Cell Search in a Synchronized System
Nortel

TxD for other channels

R1-070015
Open Loop Transmit Diversity for Downlink Channels with 4 Transmit Antennas in E-UTRA
Agere Systems

R1-070022
Intra- and/or Inter-Sector Diversity Scheme for P-BCH using S-SCH
ETRI

R1-070095
Transmit Diversity Scheme for Common/Shared Control Channel in E-UTRA Downlink
NTT DoCoMo, Fujitsu, Mitsubishi Electric, NEC, Panasonic, Sharp

R1-070096
Transmit Diversity Scheme for MBMS in E-UTRA Downlink
NTT DoCoMo, Fujitsu, Institute for Infocomm Research, Mitsubishi Electric, NEC, Panasonic, Sharp

R1-070124
Comparison of SFBC and CDD for E-UTRA in noise and interference limited cases
Alcatel-Lucent

R1-070135
Transmit diversity performance for the control channels
Samsung

R1-070136
Transmit diversity performance for the shared data channels
Samsung

R1-070137
A Way Forward on Transmit Diversity for E-UTRA Downlink
Samsung

R1-070159
E-UTRA Open Loop Transmit Diversity Performance in Correlated Channels
Motorola

R1-070160
E-UTRA Open Loop Transmit Diversity
Motorola

R1-070214
System Level Simulations of Transmit Diversity for CCPCH
Huawei

R1-070215
Link Level Simulations of Transmit Diversity for CCPCH with IRC Receiver
Huawei

R1-070218
Performance Comparison between the Conventional CDD and a Sub-carrier Grouping CDD scheme for the common control channel in the E-UTRA Downlink
Sharp

R1-070598
R1-070241
Evaluation of SFBC and CDD for control channel with real channel estimation
LG Electronics

R1-070252
E-MBMS inter resource block combining
Alcatel-Lucent
-> withdrawn
R1-070389
Open Loop DL Transmit Diversity for the Shared Data Channel
Nokia

R1-070390
Open Loop DL Transmit Diversity for Common Control Channels
Nokia

R1-070455
Further Performance Evaluation of Downlink Transmit Diversity Schemes for 2- and 4-Branch L1/L2 Control
Nortel

R1-070468
Two- and four-antenna transmit diversity performance for the SCCH
Ericsson
6.8 Uplink MIMO and Transmit Diversity
(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.
6.8.1 SU-MIMO
R1-070138
Performance of MIMO for E-UTRA uplink
Samsung

R1-070165
System Performance Evaluation of Uplink Single User MIMO for E-UTRA
InterDigital

R1-070391
Single-user MIMO support in E-UTRA uplink
Nokia

R1-070449
System Level Performance Comparison for UL MIMO
Nortel

R1-070469
SU-MIMO and 64-QAM in E-UTRA Uplink
Ericsson
R1-070436
Aspects of UL MIMO
Qualcomm Europe
Discussion on the support of SU-MIMO as an UE capability
· Following alternatives were identified 
· Alt1: SU-MIMO to be a feature of the E-UTRA uplink from the start, conditioned on that it does not delay the time table
· Alt2: Continue work on SU-MIMO without spending considerable time. If SU-MIMO turns out to not be supported initially in the standard (set an appropriate timeline for checking the situation), the first release should at least be such that it facilitates introducing uplink SU-MIMO at a later stage. (IDC, Alcatel-Lucent)
· If the SU-MIMO will be turned out not to be included in the first release, the SU-MIMO signaling support will be defined later so that legacy LTE UEs should not be affected.

· Alt3: SU-MIMO should be addressed in a future release (Nokia, Motorola, Nortel, T-Mobile, Vodafone, Samsung, Ericsson, Siemens, Mitsubishi, TI, DoCoMo, Freescale, Panasonic, ETRI, Sharp)
· The first release should at least be such that it should not preclude introducing uplink SU-MIMO at a later stage
· Signaling support to be defined later (legacy LTE UEs should not be affected)
Conclusion: 


SU-MIMO should be addressed in a future release.

· The first release should at least be such that it should not preclude introducing uplink SU-MIMO at a later stage
· Signaling support to be defined later (legacy LTE UEs should not be affected)

Discussion on the support of 64QAM to be continued in the main session
· Yes/No

· If yes, mandatory or optional

6.8.2 SDMA
R1-070139
Hybrid ARQ for multi-user MIMO in E-UTRA uplink
Samsung

R1-070199
UE Paring for E-UTRA Uplink Multiuser MIMO
ZTE

6.8.3 Transmit diversity
R1-070097
Performance Evaluation of Closed Loop-Based Antenna Switching Transmit Diversity in E-UTRA Uplink
NTT DoCoMo

R1-070392
Benchmarking of antenna switching and frequency hopping for LTE FDD UL
Nokia
R1-070470
Antenna hopping for LTE uplink
Ericsson

R1-070448
Open-loop Adaptive Antenna Switching for UL MIMO
Nortel

R1-070523
Comparison of closed-loop antenna selection with open-loop transmit diversity (antenna switching within a TTI)
Mitsubishi Electric

R1-070524
Comparison of closed-loop antenna selection with open-loop transmit diversity (antenna switching between TTIs)
Mitsubishi Electric
Conclusion:
Not specify the blind antenna switching/hopping in the standard. 
Note:
Adaptive antenna selection should be discussed as a part of scheduling of the spatial resource (if needed), and hence the related contributions are recommended to be under UL MIMO AI. 
R1-070174
Performance Evaluation of SC-FDMA with STBC in E-UTRA Uplink
Alcatel-Lucent

Noted without presentation as the SU-MIMO discussion conclusion implies that only one PA will be available for the UEs of the first LTE release.















































































































