3GPP TSG RAN WG1 Meeting #48

R1-071228
St. Louis, USA, February 12 – 16, 2007
Source: 
AH Chairman

Title:
LTE MIMO AH Summary
Document for:
Decision

Tdoc request:
The deadline is 5 February 18.00 CET

Tdoc submission:
The deadline is 6 February 9.00 CET (for AI 5: 5 February 18.00 CET)
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. Check if there are issues regarding the mapping of codewords to layers.
R1-070967
LTE MIMO email discussion summary
Samsung

Transmit diversity scheme for SCH (treated in cell search session on Tuesday afternoon)
R1-070659
Transmit diversity for DL Common channels
Qualcomm Europe

R1-070746
Comparison of SCH diversity schemes
ETRI

R1-071151
R1-071116 R1-070697 Transmit diversity for P-SCH and S-SCH
Nortel

Agreed way forward (from cell search session):

Optimize the SCH assuming one transmit antenna and specify (if needed to specify) the SCH TxD scheme to achieve additional benefit for the Node B’s having multiple transmit antennas.
CW to layer mapping

R1-071199
R1-070727
Codeword-to-Layer Mapping for E-UTRA MIMO
Texas Instruments

R1-071191
A response to R1-070727 on the discussion of 1+3 vs. 2+2 codeword to layer mapping
Samsung
R1-070943
Performance and complexity analysis of 1+3 vs. 2+2 codeword to layer mapping
Samsung
R1-070902
Way Forward on Codeword-to-Layer Mapping for E-UTRA MIMO
Ericsson, Texas Instruments, Nokia, Motorola, LG Electronics, NTT DoCoMo, Panasonic, NEC, Qualcomm Europe, Siemens
R1-071053
Views on Codeword to layer mapping for DL MIMO
Freescale Semiconductor
Conclusion:
Keep the working assumption i.e. 2+2 mapping for rank4 case.
6.7.1 Precoding details 
Way forward proposals on precoding codebook
R1-070728
Proposed Way Forward on Codebook Design for E-UTRA 
Texas Instruments, Motorola, Nokia, NTT DoCoMo, NEC Group, Freescale Semiconductor

R1-071194
Way forward on precoding codebook for 2 TX SU-MIMO
Ericsson et al
R1-071043
CQI delay impact on codebook based precoding for E-UTRA DL
Ericsson

Working assumption:
· Table 1 for 2-TX SU-MIMO
· Introduce support in LTE for codebook and rank subset restriction for 2-Tx as well as for 4-Tx.
Table 1: Codebook for 2-Tx antennas SU-MIMO

	Tx Rank
	Codebook per Rank
	Size per Rank
	Total Size

	1
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Agreed way forward:

· Address the concern on the performance impact of having PI/4 in next meeting for both rank1 and rank2.
· This does not rule out the availability of an additional codebook tailored for UEs capable of receiving only rank one transmission. In addition, this does not mandate any UE feedback signaling structure including PMI and rank feedback.

· It should also be noted that possible CDD components should be investigated separately. The selected codebook(s) is not precluding CDD operation. 
· It is FFS if the UE is informed about the precoding vector/matrix used by the NodeB by means of signalling, or is provided with a phase reference by means of dedicated pilots.
Precoding codebook proposals for SU-MIMO (not including CDD aspects)
4TX antennas

R1-070654
Choice of Precoding matrices for DL SU-MIMO - link analysis
Qualcomm Europe
R1-070730
Precoder codebook design for 4 Node-B Antennas
Texas Instruments

R1-070771
Four Antenna Precoding Codebook for EUTRA MIMO Downlink
Motorola

R1-071188
R1-070800
Compact Codebook Design for Unitary Precoding MIMO w/Support for Rank Reduction for E-UTRA
Broadcom

R1-070878
Codebook design for EUTRA MIMO
NEC Group

R1-070914
Codebook design and evaluation for E-UTRA MIMO precoding - 4Tx rank adaptation scheme
LG Electronics

R1-070936
MIMO codebook design for both MU/SU-MIMO
Panasonic

R1-070945
Precoding for 4-Tx Polarized Antennas
Samsung
R1-071044
Precoding Considerations in LTE MIMO Downlink
Ericsson

Way forward: 

· try to make decision in the next meeting w.r.t. the codebook design

Agreed guideline for further evaluations/comparisons (pending channel model)
Antenna configurations to be considered
· Case 1A: linear antenna array with equal spacing (small separation, 4 lambda)
· Case 1B: linear antenna array with equal spacing (large separation, 10 lambada)

· Case 2: linear antenna array large separation between two antenna pairs (narrow space within each pair)

· Case 3: two polarized antenna pairs are closely located
· Case 4: two polarized antenna pairs have large separation

Channel model
· Being worked offline
Type of simulations

· Link level simulation as baseline
· System level simulation as addition

Precoding granularity at Node B transmitter

· 2/5/10/whole RBs

Baseline precodings for comparison
· Physical antenna selection

Antenna selection codebook for 4 tx antennas SU-MIMO. (applied on physical antenna)
	Tx Rank
	Codebook per Rank
	Size per Rank
	Total Size

	1
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R1-070729
Precoder codebook design for 2 Node-B Antennas
Texas Instruments

R1-070915
Codebook design and evaluation for E-UTRA MIMO precoding - 2Tx rank adaptation scheme
LG Electronics

R1-070946
Performance of Precoded Single User MIMO with LMMSE receiver
Samsung

R1-070991
Precoding performance for 2 TX antennas
Nokia

R1-070992
Precoding performance for 4 TX antennas
Nokia

R1-071056
Views on Precoding for DL MIMO
Freescale Semiconductor
CDD based precoding

R1-070655
CDD based precoding for DL MIMO
Qualcomm Europe
R1-070856
Multi-Codebook Pre-coding Scheme for MIMO in E-UTRA Downlink
NTT DoCoMo

R1-070895
Intercell interference rejection performance for open loop CDD-type transmission
Huawei

R1-070912
System Level Evaluation of the CDD-based Precoding
LG Electronics

R1-070913
Delay Samples for CDD-based Precoding with Codebook-based Precoding
LG Electronics

R1-071193
System level evaluation of the CDD-based precoding with rank adaptation
LG Electronics
R1-071204
Way forward on CDD-based precoding for SU-MIMO
Ericsson, LGE, NTT DoCoMo, Samsung, Qualcomm, Panasonic
R1-071217
Way Forward on CDD-based Precoding for SU-MIMO
Ericsson, LGE, NTT DoCoMo, Samsung, Qualcomm, Panasonic, Huawei, ETRI, Sharp, Institute for Infocomm Research (10)
Conclusion: the following way forward agreed as the working assumption

· Support of rank adapted spatial multiplexing including rank-1 non-TxD combined with CDD using slow phase variations (also known as small delay CDD).

· Support of rank adapted spatial multiplexing combined with CDD using fast phase variations (also known as large delay CDD). Such large delay CDD operation for rank  > 1 is carried out only among the virtual antennas corresponding to the selected rank.
· Support of zero delay, a single large delay value and a single small delay value for 2 Tx, and similarly for 4 Tx.

· For 2 Tx MIMO, a single small delay corresponds to either 1 or 2 samples.
· Possibility of alternative optimal delay value replacing 1 or 2 samples FFS
· For 4 Tx MIMO, the small delay phase shifts are FFS.

· For 2 Tx MIMO, “large delay CDD” means phase variation in line with Nfft/2 delay difference between (virtual) antennas is used.
· Possibility of alternative optimal delay value replacing Nfft/2 delay FFS
· For 4 Tx MIMO, “large delay CDD” means phase variation in line with Nfft/4 delay difference between consecutive (virtual) antennas is used.
· Possibility of alternative optimal delay value replacing Nfft/4 delay FFS
· Explicitly tailored signalling (downlink and feedback including e.g. CQI reporting) for the large delay case to avoid unnecessary signalling overhead. 

· For 2-Tx MIMO, CDD is applied on top of the default precoding codebook, or a subset thereof, for rank adapted spatial multiplexing.

· NodeB has the ability to select (and signal on the downlink) the possible CDD delay values per UE on a semi-static basis.

· Support of rank adapted spatial multiplexing with CDD is considered separate from the techniques supported in transmit diversity mode.

Companies’ opinions
· Yes: Ericsson, LGE, NTT DoCoMo, Samsung, Qualcomm, Panasonic, Huawei, ETRI, Sharp, Institute for Infocomm Research, ITRI, NEC (12)
· No: Nokia, Motorola, Siemens, Philips, Broadcomm (5)
R1-070944
MIMO precoding for E-UTRA Downlink
Samsung

Codebook vs non-codebook based precoding

R1-070838
Simulation results for pre-coding (codebook vs. non-codebook)
CATT

R1-070977
Comparison between codebook and non-codebook based pre-coding for E-UTRA TDD
IPWireless

Conclusion:
Come back after discussion on beamforming. (Whether to introduce additional feature for supporting non-codebook based precoding for TDD?)
Others

R1-070706
Pre-coding matrix verification
Nortel
R1-070947
Signaling for support of SU-MIMO in the Downlink
Samsung
R1-070684
TB size of PDSCH match for DL MC MIMO 
ZTE

R1-070855
Investigation on Codebook Design for MIMO Precoding in E-UTRA Downlink
NTT DoCoMo

6.7.2 UE feedback
Rank report

R1-070657
UE feedback on chanel rank - system analysis
Qualcomm Europe

R1-070948
Performance of common vs. subband-based rank feedback for SU-MIMO
Samsung
Conclusion: 

· Working assumption: UE reports a single rank report 
· Frequency-selective rank report FFS (take into account the following aspects). Simulation results (preferably both link and system level) should be provided.
· Fractional frequency reuse

· Non-ideal scheduling in frequency domain e.g. round robin scheduling

· Traffic model
Precoding report

R1-070658
UE feedback with precoding granularity - system analysis
Qualcomm Europe
R1-070689
Frequency selective feedback for precoding in E-UTRA downlink with low feedback bit rate
Alcatel-Lucent

R1-071146
R1-070731
Views on MIMO-Related UE Feedback
Texas Instruments
R1-070772
Precoding and CQI feedback for E-UTRA
Motorola

Working assumption: number of RBs represented by a single precoding report
· 1.25/1.6/2.5MHz: whole or subset of RBs
· 5/10/15/20MHz: order of 5 (e.g. 4, 5, or 6) adjacent RBs (exact single value to be decided in relation to the CQI discussion) / whole or subset of RBs

Note: 
definition of “subset” depends on e.g. the feedback report optimization scheme or the configured reporting band (due to e.g. fractional frequency reuse) etc.
CQI 
R1-070656
Delta SNR based UE feedback for DL MIMO
Qualcomm Europe
R1-070916
Investigation on the reduction of CQI overhead for DL MIMO
LG Electronics

R1-070993
Spatial CQI definition for E-UTRA DL SU-MIMO
Nokia

R1-070994
Reduced CQI design for DL SU-MIMO
Nokia

MIMO mode

R1-070937
Evaluation of slow MIMO mode adaptation
Panasonic

R1-071092
Specifications required for support of precoding feedback for SU- and MU-MIMO
Philips
Detailed feedback mechanisms
R1-070707
Differential Codebook for LTE Downlink Closed-Loop MIMO
Nortel
R1-070773
Direct channel feedback for obtaining channel state information at Node B in EUTRA
Motorola

R1-070774
Uplink sounding for obtaining channel state information at Node B in EUTRA
Motorola

R1-070839
Uplink transmit diversity scheme to provide full CSI to support downlink MIMO transmission for TDD operation 
CATT

R1-071055
Efficient method for feedback reduction and feedback mechanism for precoded MIMO in EUTRA
Freescale Semiconductor

R1-071135
R1-071103
"Binary Differential Feedback Scheme for Downlink MIMO Pre-coding for E-UTRA"
InterDigital
6.7.3 MU-MIMO
R1-070774
Uplink sounding for obtaining channel state information at Node B in EUTRA
Motorola
R1-071047
MU-MIMO Operation in E-UTRA DL
Ericsson

R1-071054
Results on Zero-forcing beamforming Multi-user MIMO scheme
Freescale Semiconductor
6.7.4 Transmit diversity

Note: Tx Diversity for SCH, Tx Diversity for BCH, Tx Diversity for the other channels
R1-071222
Transmit Diversity Way Forward for E-UTRA Downlink Shared Data Channel
Nortel, Ericsson, Alcatel-Lucent, Nokia, Huawei, Siemens, Broadcom
Way Forward Proposal for E-UTRA Downlink Shared Data Channel

As a way forward in the Tx diversity discussion, we propose to start by focusing solely on the shared data channel to simplify the discussions. We further propose to adopt SFBC based transmit diversity for downlink shared data channel in TxD mode for two transmit antennas

Comment:

This is not precluding CDD precoding operation for rank adapted spatial multiplexing mode.
R1-070952
A Way Forward on Transmit Diversity for E-UTRA Downlink
Samsung
Propose to use CDD as a single diversity scheme for all DL physical channels other than the SCH.
SFBC vs CDD for shared data channel with two transmit antennas
· Coding rates: CDD is worse for high coding rates (HARQ retransmissions can fix?)

· Correlated channel: different views (1: CDD is worse, 2: no difference)

· Scalability: different views (1: SFBC is worse, 2: no problem)

· Interference rejection: different views (1: CDD is better, 2: no difference)

· Performance where the open loop TxD for shared data channel is applicable: different views (1: SFBC is always better, 2: no difference)

· Major issue in each proposal

· CDD proponents are mainly concerned on the complexity of SFBC

· SFBC proponents are mainly concerned on the performance of CDD

SFBC: Nortel, Ericsson, Alcatel-Lucent, Nokia, Huawei, Siemens, Broadcom, Qualcomm (8)
CDD: Samsung, Sharp, I2R, Motorola, Panasonic, ITRI, Philips, DoCoMo, ETRI (9)
Conclusion: 
continue discussion in the next meeting. Have email discussion until the next meeting including the available simulation results. Discussion on the simulation assumptions/configurations and the simulation way forward for 2 antenna TxD (4 antenna TxD as well if possible) for the shared data channel will take place between interested companies on Friday (exact time TBC and to be announced). Provide the outcome via email reflector within one week after R1#48 meeeting.
General
R1-070775
E-UTRA Open Loop Transmit Diversity Performance in Correlated Channels
Motorola

SFBC-based

R1-070690
Comparison of SFBC and CDD for E-UTRA in noise and interference limited cases
Alcatel-Lucent

R1-070696
Discussion on Transmit Diversity for Downlink Control and Data Channels 
Nortel
R1-070698
Further performance evaluation of Tx diversity schemes for downlink control channel 
Nortel
R1-070896
Link Level Simulations of Transmit Diversity for P-BCH with IRC Receiver
Huawei

R1-070897
System Level Simulations of Transmit Diversity for P-BCH
Huawei

R1-070995
Open Loop DL Transmit Diversity for the Shared Data Channel
Nokia

R1-070996
Open Loop DL Transmit Diversity for Common Control Channels
Nokia

R1-071046
Two- and four-antenna transmit diversity performance for the SCCH
Ericsson

Non-SFBC-based

R1-070694
P-BCH location and detection 
Nortel

R1-070695
Performance Evaluation of Transmit Diversity Schemes for BCH
Nortel

R1-070747
Open-loop transmit diversity scheme for P-BCH using S-SCH
ETRI

R1-070776
E-UTRA Open Loop Transmit Diversity
Motorola

R1-070659
Transmit diversity for DL Common channels
Qualcomm Europe

R1-070850
Performance Comparison between the Conventional CDD and a Sub-carrier Grouping CDD scheme for the common control
Sharp

R1-070857
Transmit Diversity Scheme for Common/Shared Control Channel in E-UTRA Downlink
NTT DoCoMo, Fujitsu, Institute for Infocomm Research, Mitsubishi Electric, NEC, Panasonic, Sharp

R1-070858
Transmit Diversity Scheme for MBMS in E-UTRA Downlink
NTT DoCoMo, Fujitsu, Institute for Infocomm Research, Mitsubishi Electric, NEC, Panasonic, Sharp

R1-070917
Evaluation of SFBC and CDD for control channel with real channel estimation
LG Electronics

R1-070950
Transmit diversity performance for the control channels
Samsung

R1-070951
Transmit diversity performance for the shared data channel
Samsung

Others
R1-071114
Transmitting Diversity for MBMS
ITRI

6.7.5 Beamforming
R1-070840
Beam-forming in E-UTRA and Way forward
CATT, CMCC, RITT, Huawei, ZTE

R1-070997
Beamforming versus Precoding
Nokia
R1-070859
Adaptive Beam-forming in E-UTRA
NTT DoCoMo, Fujitsu, Mitsubishi Electric, NEC, Sharp

Issues discussed
· Major target of the dedicated beamforming is to improve the coverage of low data rate (from DoCoMo perspective)

· High speed?

· RS overhead: dedicated + common

· Precoding vs beamforming
· Precoding has more strict limitation due to RS than the beamforming with half lambda spaced elements (when >4 antenna elements are used)

· SCH/BCH, on which the beamforming cannot be applied, would mainly limit the cell coverage

· Power boosting of SCH/BCH can help in case of 10MHz (a question remains if it feasible)
· May rely on diversity scheme e.g. CDD

· Cell search time degradation in rural area, where is considered as a typical case for dedicated beamforming is not considered to be problematic.

· Difference in coverage between common and dedicated RS

· Power boosting can be used to improve the coverage of the common RS

· Concern on feasibility of power boosting is equally applicable to the dedicated beamforming and the common RS based precoding.

· Higher sectorization vs dedicated beamforming w/ dedicated RS (same number of antennas in a Node B assumed)
· Coverage limitation due to

· SCH/BCH 

· Power boosting can help to improve SCH/BCH coverage

· Data channel (coverage for a certain data rate)

· Precoding w/ common RS as well as beamforming w/ dedicated RS can help. 
· CQI estimation in case that the UE is configured the dedicated RS

· Based on common RS?

· Based on dedicated RS?

Support of the dedicated RS for the dedicated beamforming (UE-specific semi-static configuration, for both FDD and TDD)
· Make decision now: Alcatel-Lucent, Philips, Freescale

· Continue discussion: Ericsson, Nokia, Motorola, Nortel, CATT

Conclusion:
Continue discussion.
6.8 Uplink MIMO
(Parallel session on Wednesday/Thursday)
Summary of the conclusions from email ad hoc and conference call on MIMO to be prepared by Juho Lee. Focus on MU-MIMO
SU-MIMO (treated in main session on Monday)
R1-070713
On the discussion of MU-MIMO and SU-MIMO for UL
Nortel

R1-071063
SU MIMO and Tx diversity for LTE uplink
Vodafone group

Closed loop antenna switching

R1-070692
Closed Loop Mobile Transmit Diversity
Magnolia Broadband Inc.

R1-070712
Adaptation between Closed-loop and Open-loop Switching Transmit Diversities for UL MIMO
Nortel

R1-070860
Closed Loop Antenna Switching in E-UTRA Uplink
NTT DoCoMo, Institute for Infocomm Research, Mitsubishi Electric, NEC, Sharp, Toshiba Corporation

R1-070953
Multi-user MIMO and Antenna Selection for E-UTRA uplink
Samsung

R1-071212
R1-071057
Adaptive antenna switching for radio resource allocation in the EUTRA uplink
Mitsubishi Electric, Nortel, NTT DoCoMo, Sharp, Toshiba
R1-071166
Way forward on Antenna selection ofr E-UTRA Uplink
Mitsubishi Electric, Samsung, Nortel, LG Electronics, NTT DoCoMo
Inclusion of closed loop antenna selection for data channel
Discussions:

· Benefits in both user experience and system throughput improvement observed by the proponents

· User experience (e.g. user throughput CDF) in lightly loaded situation: proponents expect there should be gain. 

· Duplexer impact for operation in different frequency bands

· Should be defined as a UE capability

· Enough gain in user experience (e.g. user throughput CDF) needed to justify a UE capability.

· Reliability of Node B’s estimation on spatial channel condition in realistic situation: realistic situations were assumed in the provided results
· Spatial correlation between transmission antennas: taken into account in simulations
· Outer loop control: primary antenna
· TDD aspect

· Potential increase in sounding RS overhead: Node B configures the overhead
· Switching loss for the UEs in cell border

· Number of users per cell assumed in the simulation results provided

· Mitsubishi: feedback delay, practical channel estimation, all of realistic situation assumed

· DoCoMo: 24 (sounding RS per 2ms R1-070097, per 10ms R1-063314, ideal CQI and channel estimation, fading correlation of 0 and 0.3, antenna gain difference 0dB and 3dB)
· Nortel: 20 (realistic sounding signal, sounding RS per 2ms in R1-070448, realistic CQ estimation )

Conclusion:
the working assumption below agreed
Working assumption: 
closed loop antenna selection for data channel is supported as an option for FDD and half duplex FDD (note: there is concern on the benefit in terms of the user experience as a UE option from opposing companies)
· Yes: Mitsubishi Electric, Samsung, Nortel, LG Electronics, NTT DoCoMo, Sharp, Toshiba, I2R, ETRI, ITRI (10)

· No: Motorola, Nokia, Ericsson, Siemens, IDC, Freescale (6)

R1-071119
R1-070918 A new DM-RS transmission scheme for antenna selection in E-UTRA uplink
LG Electronics

Others
R1-070954
Performance of orthogonal Hybrid ARQ for multi-user MIMO in E-UTRA uplink
Samsung

R1-071120
R1-070919 Enhanced bit-level operation for H-ARQ in uplink multi-user MIMO
LG Electronics
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