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Notes from the Wednesday evening offline session on UL MIMO follow.  Agreements and possible agreements from prior discussions as well as other material are provided as background.  Offline agreements are listed, and offline proposals (both those that were discussed and not discussed) are shown.  Capturing both the offline proposals as well as offline agreements in the MIMO session notes is suggested as a basis for further discussion.
1.1 MIMO
1.1.1 Multi-antenna scheme
Physical control channel related issues are to be discussed in the agenda item for scheduling/HARQ aspects.
R1-1718681
Open issues on RRC parameters for Multi-antenna scheme
Ericsson
1.1.1.1 Remaining details on codeword mapping 
1.1.1.2 Codebook based transmission for UL 
R1-1718856
Summary of Issues and WFs on Codebook based transmission for UL
Intel
Agreement:

· For single SRS resource case with CP-OFDM with 2 ports 

· Use Alt 1 from RAN1#90: include TPMIs 4 & 5 for rank 1 and TPMI 2 for rank 2, except the scale factor is FFS

Possible agreement:
· For CP-OFDM, the 4Tx codebook should support both antenna selection and combining.

· For wideband precoding, single-stage codebook is used.

· For subband precoding, dual-stage codebook is used: the first stage is used for antenna selection and the second stage is used for antenna combining.
More offline discussions

· Possible agreement:
· Support at least the joint encoding of wideband TPMI and TRI in DCI to save the overhead, and down-select one alternative from the following in this meeting:

· Alt1: joint encoding of SRI, wideband TPMI and TRI

· Alt2: independent coding of SRI and joint coded wideband TPMI and TRI

· More offline discussions

R1-1718897
WF on 4Tx UL codebook for DFTs-OFDM
LG Electronics, CATT, Intel, Nokia, NSB
Agreement:
· At least for the case where single SRS resource is configured and for DFT-S-OFDM, support additional 4Tx rank 1 codebook below
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· Send an LS to RAN4 to inform that RAN1 has agreed to support the above UL codebook (codebook indices 16~27) for 4TX UEs and request feedback from RAN4 (ex: MPR) on feasibility – Peter (will comeback on Thursday)
1.1.1.2.1          4 Tx codebook

Offline Agreement:
· For 4 Tx with wideband TPMI, use at least single stage DCI

· FFS for 2 stage DCI
· For wideband TPMI, for NR 4 Tx codebook for CP-OFDM, downselect one of:
· Alt 1: Rel-10 UL, possibly with additional entries: 

· Alt 2: Rel-15 DL, possibly with additional entries: 
· Alt 3: Rel-8 DL, possibly with additional entries
· Evaluate performance of candidate codebooks & decide by RAN1#91

1.1.1.2.2          Non-Coherent Operation and Multiple SRI transmission
Agreements:

· For 2 Tx, use single stage DCI with a semi-statically configured size to convey TPMI, SRI, TRI in Rel-15

· Total combined DCI size of TPMI, TRI, and SRI does not vary with PUSCH resource allocation for single stage DCI

· Specify UE capability identifying if UL MIMO capable UE can support coherent transmission across its transmit chains

· FFS: if UE capability identifies if coherent transmission is supported on all of, vs. none of, vs. on a subset, of its transmit chains

· FFS: how UL MIMO precoding design takes into account the above capability

Agreements:

· Codebook based transmission for UL is supported at least by following signaling in UL grant:

· SRI+TPMI+TRI, where 

· The TPMI is used to indicate preferred precoder over the SRS ports in the selected SRS resource by the SRI.

· No SRI when a single SRS resource is configured

· The TPMI is used to indicate preferred precoder over the SRS ports in the configured single SRS resource.

· Support indication on selection of multiple SRS resources 

· FFS details

Offline Agreement:
· NR supports 3 levels of UE capability for UL MIMO transmission 
· Full coherence

· All ports can be transmitted coherently

· Partial coherence

· Port pairs can be transmitted coherently
· Non-coherence

· No port pairs can be transmitted coherently

· TPMI codewords from the codebook are used by gNB accordingly

Offline Agreement:
· For TPMI size, 
· By RAN1#91, downselect to one alternative among:
· Alt 1: Restrict codewords from 2 or 4 Tx codebooks, reducing TPMI bitwidth:  
· Alt 1.1 From RRC configuration, UE can be configured with a table that maps codepoints to codewords in a table

· Alt 1.2 Restriction is determined according to UE coherence capability

· Alt 2: Use same TPMI size for coherent, non-coherent, and partially coherent operation: 

· Note: There is no RRC impact for this alternative

Offline Agreement:
For 1 SRS resource

· Full coherence
· All ports corresponding to ports in an SRS resource can be transmitted coherently

· Non-coherence

· All ports corresponding to ports in an SRS resource are not transmitted coherently
· Partial coherence

· Ports pairs corresponding to ports in an SRS resource can be transmitted coherently
Offline Agreement:
· Specify at least one of the following alternatives for UE capability, for codebook based transmission, concluding in RAN1#91
· Alt 1: Non-coherent inter-SRS resource transmission: 
· FFS: use of two DCI, with one TPMI per DCI

· One TPMI/TRI per SRS resource is signaled: 
· Alt 2: Codebook based uses one SRS resource

· No need for indication on selection of multiple SRS resources 

· Note: Indication of selection of multiple SRS resources was agreed
· Note: this precludes selection of subsets of more than 4 SRS ports

Offline Proposal (not discussed):
· For codebook based UL transmission, a total of up to 4 SRS ports can be indicated using SRI(s):

· The total number of indicated SRS ports can be 2 or 4 


· Note: codebook design can be independent of the total number of ports indicated by SRI(s)
Offline Proposal (not discussed):
· TPMI, TRI, and SRI fields are jointly encoded for codebook based operation: 


· If a field is not configured, the remaining fields are jointly encoded
R1-1718477
TPMI Indication for Frequency Selective UL Precoding 
InterDigital, Inc.

R1-1717807
Further discussion on codebook based transmission for UL
CATT

R1-1718024
Remaining issues on UL codebook design
Guangdong OPPO Mobile Telecom

R1-1717362
Remaining issues on codebook based UL transmission
Intel Corporation

R1-1717417
Codebook based UL transmission
ZTE, Sanechips

R1-1717467
Discussion on codebook based UL transmission
vivo

R1-1717595
Codebook-Based UL Transmission
Samsung

R1-1717864
Discussion on Codebook based UL transmission
Lenovo, Motorola Mobility

R1-1717936
Discussion on codebook based transmission for UL
LG Electronics

R1-1718188
Codebook design for uplink
NTT DOCOMO, INC.

R1-1718237
Codebook based transmission for UL MIMO
Huawei, HiSilicon

R1-1718336
Codebook based transmission for UL
MediaTek Inc.

R1-1718385
On UL MIMO with Codebbok
AT&T

R1-1718425
Codebook Based UL MIMO
Ericsson

R1-1718507
UL Codebook Based Transmission and Codebook Design
Nokia, Nokia Shanghai Bell

R1-1718536
Codebook based UL transmission
Qualcomm Incorporated
1.1.1.3 Non-codebook based transmission for UL
R1-1718871
Summary of issues on UL non-codebook based transmission
Nokia, Nokia Shanghai Bell
Agreement:
· Only wideband SRI is supported in Rel-15 for non-codebook based UL transmission
· The above does not preclude frequency selective precoding on SRS

Agreement:
· For non-codebook based UL transmission, a total of up to 4 SRS ports can be indicated by SRI(s) using one DCI field

Agreement:
· Confirm the following working assumption:

· For non-codebook based precoding, each SRS resource contains one port

1.1.1.3.1 SRI Signaling Details
[image: image2.emf] 


Figure 2: Example of UE with two antenna subsets, each antenna subset with four analog beams (from R1-1718426)
Agreement:
· For PUSCH precoder determination in non-codebook-based UL MIMO, support Alt.1, (i.e., at least SRI(s) only without TPMI indication in the UL grant) for wideband indication.

· Note: The gNB should only signal SRI(s) such that the UL precoding transmission inferred from the signaled SRI(s) can be simultaneously conducted by the UE. 

· FFS details

· FFS: If sub-band indication is supported, down-select Alt. 1-3 for it

Agreements:

· Support gNB to configure one or more groups where each group contains one or more SRS resource(s) to UE

· Note: different groups may be for different purposes, e.g., one or more groups for beam management, one for DL CSI acquisition, one for UL CSI acquisition, etc.

Offline Proposal:
· A UE can be assumed to be able to transmit only one SRS resource [or a pair of SRS resources] in an SRS resource group at a time, 
· a UE can simultaneously transmit one SRS resource [or an SRS resource pair] from each of multiple SRS resource groups.
R1-1718917
WF on DL measurement RS indication for non-codebook based transmission for UL MIMO
Huawei, HiSilicon, Intel, Nokia, NSB, Ericsson, DCM
Possible Agreement:
· Support indicating DL measurement RS for UE to calculate UL candidate precoders for precoded Ap-SRS resource via DCI
· The DL measurement RS is the CSI-RS for CSI acquisition

· Specify the following mechanism for DCI signalling:

· Using the same field for Ap-SRS resource triggering 

· Association between triggering state, triggered SRS resource(s) and the CSI-RS resource is high layer configured

· Support indicating DL measurement RS for UE to calculate UL candidate precoders for precoded P/SP-SRS resource via higher layer signalling.
· The DL measurement RS is the CSI-RS for CSI acquisition

More offline discussions
R1-1717296
Non-codebook based transmission for UL MIMO
Huawei, HiSilicon

R1-1717753
PUSCH precoder determination for non-codebook-based UL MIMO transmission
Spreadtrum Communications

R1-1717596
Discussion on Non-Codebook-Based UL Transmission
Samsung

R1-1717363
Remaining issues on non-codebook based UL transmission
Intel Corporation

R1-1717418
Non-Codebook based UL transmission
ZTE, Sanechips

R1-1717468
Discussion on non-codebook based UL transmission
vivo

R1-1717808
Further discussion on non-codebook based transmission for UL
CATT

R1-1717937
Discussion on non-codebook based transmission for UL
LG Electronics

R1-1718025
Further discussion on uplink non-codebook transmission
Guangdong OPPO Mobile Telecom

R1-1718189
Non-codebook based transmission for uplink
NTT DOCOMO, INC.

R1-1718386
On Non Codebook based UL MIMO
AT&T

R1-1718426
Non-Codebook Based UL MIMO
Ericsson

R1-1718478
On Non-Codebook UL Transmission 
InterDigital, Inc.

R1-1718508
Non-codebook based UL-MIMO transmission
Nokia, Nokia Shanghai Bell

R1-1718537
Non-codebook based UL transmission
Qualcomm Incorporated
1.1.1.4 PRB bundling for DL
1.1.1.5 Other 
R1-1718755
Summary of offline discussion on UL MIMO Open Issues
Ericsson
R1-1717298
Rate matching for data channels
Huawei, HiSilicon

R1-1717365
On antenna calibration signal
Intel Corporation

R1-1717420
Discussion on rate matching
ZTE, Sanechips

R1-1717421
On Transmission Setting
ZTE, Sanechips

R1-1717598
Discussion on DL/UL multi-TRP/-panel supports
Samsung

R1-1717599
Continuous precoding for NR DMRS in time domain
Samsung

R1-1717600
CSI Feedback Overhead Reduction for NCJT
Samsung

R1-1717601
Discussion on transmission parameter sets
Samsung

R1-1717602
Discussion on transition between NR network coordination schemes
Samsung

R1-1718026
Discussion on UL transmission mode design
Guangdong OPPO Mobile Telecom

R1-1718423
Differential Rank Indication for Multi-subband UL MIMO
Huawei, HiSilicon

R1-1718428
Scrambling for data channels
Ericsson

R1-1718429
Single Antenna and Antenna Selection UL Transmission
Ericsson

R1-1718430
Uplink Transmission on Non-homogeneous Arrays
Ericsson

R1-1718480
On PDSCH rate matching for NR 
InterDigital, Inc.

R1-1718734
UL MIMO Signaling Details
Ericsson

