[bookmark: OLE_LINK3]3GPP TSG RAN WG1 #106bis-e	R1-2109664
e-Meeting, October 11th – 19th, 2021
Source:	NTT DOCOMO, INC.
Title:	Discussion on CSI enhancements		
[bookmark: Source]Agenda Item:	8.1.4
[bookmark: DocumentFor]Document for: 	Discussion and Decision
Introduction
In this contribution, we discuss CSI enhancements for both DL multi-TRP/panel transmission and Type II port selection codebook focusing on aforementioned agreements from RAN1#106-e meeting. 
CSI enhancement for MTRP 
CMR configuration and codebook configuration
In last RAN1 meeting, following agreement was made on the CMRs configuration restriction.
	Agreement
For CSI measurement associated with a CSI-ReportingConfig for NC-JT, study following restriction(s) for two CMRs within the same CMR pair configured for NCJT measurement hypothesis:
· FFS: two resources are restricted within the same DL slot
· FFS: two resources are restricted with the same CDRX active time




Some companies raised the concern that there is random phase rotation on each receiving antenna port, hence two CMRs within the same CMR pair should be within the same DL slot to mitigate the impact of random phase rotation on measurement. However, in our understanding, CMR and IMR for the same CSI measurement can come from different slots in existing specification, hence, such optimization seems not needed. On the other hand, to avoid UE memory increase, restricting the two CMR resources within the same CMR pair within the same CDRX active time seems to be sufficient.

Proposal 1
· For CSI measurement associated with a CSI-ReportingConfig for NC-JT, two CMRs within the same CMR pair are restricted with the same CDRX active time.

Following agreement is related to Pc ratio for CSI-RS.
	Agreement
For a CMR pair configured for a NCJT measurement hypothesis, study following Alternatives:
· Alt 1: a separate powerControlOffset (Pc ratio) shall be configured for the NCJT measurement hypothesis by re-defining such Pc ratio as 10log10(P_PDSCH/P_CSIRS) dB, whereas
· P_PDSCH is the energy of PDSCH ports with a same TCI state as the CMR on one subcarrier of one OFDM symbol
· P_CSIRS is the energy of all CSI-RS ports of the CMR multiplexed on one subcarrier of one OFDM symbol
· Alt 2: re-interpret two Pc ratios configured for the CMR pair for the NCJT measurement hypothesis, FFS detailed impact of specification
· Alt 3: No change to definition or configuration of Pc ratio
· Note that other solutions are not excluded.



For a CMR pair configured for NCJT measurement hypothesis, the power of CSI-RS for single-TRP measurement and that for NCJT measurement can be the same. Hence, there is no issue on Pc for CSI-RS, and Alt.3 is supported.

Proposal 2
· For Pc ratio for a CMR pair for NCJT measurement hypothesis, support Alt 3: No change to definition or configuration of Pc ratio.

Following agreement is related to RI restriction configuration.
	Agreement
· For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, support RI restriction by selecting at most one alternative from the following in RAN1#106bis-e: 
· [bookmark: _Hlk83306322]Alt 1: One RI restriction is configured per CodebookConfig, whereas the RI restriction is applied to both Single-TRP and NCJT measurement hypotheses. 
· If rank restriction of X is configured, reported rank is X for a Single-TRP measurement hypothesis and sum of two reported ranks is X for a Multi-TRP measurement hypothesis. 
· Alt 2: Two RI restrictions can be configured per CodebookConfig, whereas one RI restriction is applied to one CMR group in a CMR resource set respectively, i.e. per TRP. 
· If rank restriction of (X, Y) is configured, reported rank is X for the CMR in the first CMR group and Y for the CMR in the second CMR group, regardless single-TRP and NCJT measurement hypotheses. 
· Alt 3: Multiple RI restrictions can be configured per CodebookConfig, whereas RI restriction is applied to per each CMR in CMR pair for NCJT and per each CMR for Single-TRP.  
· Alt 4: Two RI restrictions can be configured per CodebookConfig, whereas one RI restriction is applied to all Single-TRP measurement hypotheses, and another one is applied to all NCJT measurement hypotheses. 
· If rank restriction of (X, Y) is configured, reported rank is X for all single-TRP measurement hypotheses and reported rank (1 out of 4 possible rank combinations) is Y for all NCJT measurement hypotheses. 
· Alt 5: Three RI restrictions can be configured per CodebookConfig, whereas two RI restrictions are applied to two CMR groups in a CMR resource set respectively for Single-TRP measurement hypothesis, and the third one is applied to all NCJT measurement hypotheses. 
· If rank restriction of (X1, X2, Y) is configured, reported rank is X1, X2 for each CMR group respectively for single-TRP measurement hypotheses and reported rank (1 out of 4 possible rank combinations) is Y for all NCJT measurement hypotheses.
· Alt 6: Switch between Alt 4 and Alt 5 where gNB can configure via RRC signaling which alternative to use
Note that if none of above Alternatives is agreed in Rel-17, RI restriction is only applied for Single-TRP measurement hypotheses and no RI restriction is applied for Multi-TRP measurement hypotheses.



In Rel-15/16, RI restriction is configured under CodebookConfig. In NCJT transmission, it is highly possible that the two TRPs have the same configuration and support the same max. number of DL transmission layers for UEs with single-TRP transmission. Hence, there is no need to configure different RI restrictions for single-TRP measurement for different TRPs. From UE perspective, for single-TRP transmission, if the UE supported max. rank is 4, it means that for NCJT transmission, UE supported sum rank from two TRPs could not exceed 4. Hence, based on analysis above, one RI restriction configuration per CodebookConfig is sufficient, whereas the RI restriction is applied to both single-TRP and NCJT measurement hypotheses. So that Alt 1 is supported.

Proposal 3
· For RI restriction, support Alt 1: One RI restriction is configured per CodebookConfig, whereas the RI restriction is applied to both Single-TRP and NCJT measurement hypotheses. 
· If rank restriction of X is configured, reported rank is X for a Single-TRP measurement hypothesis and sum of two reported ranks is X for a Multi-TRP measurement hypothesis.

For CBSR configuration, considering that the beam conditions from two TRPs are different, separate CBSR configurations for each TRP can be supported with each CBSR configuration applied to a CMR group. For different measurement hypothesis for a CMR group, e.g., single-TRP measurement and NCJT measurement, either the same or different CBSR configuration could be fine. Hence, we support to configure multiple CBSR configurations for two CMR groups for single-TRP CSI measurement and/or NCJT CSI measurement. At least two CBSR configurations for two CMR groups for a CSI-ReportingConfig with NCJT CSI measurement should be supported.
 
Proposal 4
· Support to configure multiple (at least two) CBSR configurations for two CMR groups for single-TRP CSI measurement and/or NCJT CSI measurement.

CSI priority and mapping order
In last RAN1 meeting, following agreement was made for CSI priority and mapping order.
	Agreement
To confirm the order of UCI payload construction for reported CSIs, study following Alternatives and down-select one or more Alternative(s) for required specification changes in RAN1 106bis:
· Alt 1: modify priority equation, i.e., Section 5.2.5 in 38.214.
· Alt 2: modify the table of priority reporting levels for Part 2 CSI, i.e., Table 5.2.3-1 in 38.214.
· [bookmark: _Hlk82011695]Alt 4: modify mapping order of CSI fields of one CSI report, i.e., Table 6.3.2.1.2-3/4/5 in 38.212




In existing specification, the issues in Alt 1/2/4 are defined per CSI report#n. If we keep this concept, the X+1 CSIs (Option1) with different measurement hypotheses are within one CSI report#n and share the same priority. So that if omission is decided for a given reportConfigID with a CSI priority value, all the X+1 CSIs would be impacted. In addition, the mapping order of CSI fields of one CSI report should be defined for X+1 CSIs for different X values (X=0/1/2). And the new mapping order tables for CSI report#n CSI part1/CSI part2 wideband/CSI part2 subband are needed for different X values, which requires large specification changes. Hence, the concept of CSI report#n can be changed.
[bookmark: _Hlk68098233]For X+1 CSIs within a CSI reporting with the same reportConfigID, based on Rel-16 CSI priority rule , a new parameter j can be introduced to indicate different priority for X=2 CSIs for single-TRP and 1 CSI for NCJT measurement hypotheses, e.g., j=0 for single-TRP CSI of the first TRP, j=1 for single-TRP CSI of the other TRP, and j=2 for NCJT CSI. Hence, a new CSI report #m with a CSI priority value can correspond to either a single-TRP measurement hypothesis (TRP#0 or TRP#1), or a NCJT measurement hypothesis.
For a CSI report #m corresponding to a single-TRP measurement hypothesis, the mapping order of CSI fields of one CSI report is the same as Rel-16. For a CSI report #m corresponding to NCJT measurement hypothesis, the mapping order of CSI fields of one CSI report, including CSI part 1 and CSI part 2, should be enhanced, considering two LIs and two PMIs. But the specification impact is smaller as we only need to define new mapping order tables for 1 NCJT CSI (for X=0 only). In addition, for mapping order tables for CSI report#n CSI part2 subband, if even subbands CSI and odd subband CSI are clearly defined, there is no need to further modify the table of priority reporting levels for Part2 CSI. Hence, we only need to enhance Alt 1 and Alt 4.

Proposal 5
· Support Alt 1. On CSI priority calculation, introduce a new parameter j, where j=0 for single-TRP CSI of the first TRP, j=1 for single-TRP CSI of the other TRP, and j=2 for NCJT CSI.
· A new concept of CSI report #m with a CSI priority value corresponds to a single-TRP measurement hypothesis (TRP#0 or TRP#1), or a NCJT measurement hypothesis.
· Support Alt 4. For the new CSI report #m corresponding to NCJT measurement hypothesis, the mapping order of CSI fields of one CSI report should consider two LIs and two PMIs.
· Not support Alt 2. There is no need to modify the table of priority reporting levels for Part2 CSI.

CSI enhancement for other scenarios
For single-DCI based NCJT, it has been agreed to support two RIs, two PMIs, two LIs and one CQI per codeword, when the maximal transmission layer is less than or equal to 4. The CSIs for different URLLC transmission schemes should be also enhanced. In NR Rel-17, new MTRP transmission scheme in HST-SFN is introduced, which can be also considered for CSI enhancement. For HST-SFN, one RI, two PMIs, one LI and one CQI can be reported by UE. 

Proposal 6
· For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting for single-DCI based NCJT, support CSI enhancement for URLLC schemes and HST-SFN scheme.

Type II port selection codebook enhancement

Codebook structure for W2
In last RAN1 meeting, following agreement was made on absent non-zero coefficients for W2.
	Agreement
If a bitmap for indicating non-zero coefficients can be absent, down-select one Alt from the following for Rel-17 PS codebook:
· Alt 1: At least for rank 1 PMI, the bitmap of indicating non-zero coefficients is not needed if Mv=1 and Beta=1.
· FFS the need for Mv>1 and/or Beta<1
· Alt 2: For rank 1 /2 PMI, the bitmap(s) of indicating non-zero coefficients for corresponding layer(s) is absent if reported KNZ=K1*Mv*rank
· Where KNZ is the number of non-zero coefficients
· Alt 3: In addition to Alt 2, additional field is reported by UE to inform whether the bitmap of indicating non-zero coefficients for specific layer is absent if rank>1.
· Alt 4: The bitmap of indicating non-zero coefficients is not needed if the number of coefficients is sufficiently small, i.e. K1Mv ≤ δ
Note: If none of above Alternative is agreed in RAN1#106bis-e, the bitmap for indicating non-zero coefficient is always present by default.




Per our understanding, the bitmap for indicating non-zero coefficient can be absent. For example, when the reported non-zero coefficient by UE is equal to the max. number of K1*Mv*rank, there is no need to report the bitmap. On the other hand, when Mv=1, since the reported overhead is small if all the LC coefficients are reported, it is also okay to not report the bitmap.

Proposal 7
· Support the bitmap for indication non-zero coefficient can be absent. Either Alt 1 or Alt 2 can be supported.

Codebook structure for Wf
In last RAN1 meetings, following agreements were made related to .
	Agreement (RAN1#106-e)
Following working assumption is confirmed (with revision in RED):
· [bookmark: _Hlk83382164]At least for rank 1 and 2, FD bases used for Wf quantization are limited within a single window with size N configured to the UE whereas FD bases in the window must be consecutive from an orthogonal DFT matrix, i.e. Alt 1.
· FFS other restrictions, e.g. value(s) of N, if the value of N3 is small
· FFS other restrictions, e.g. when the number of CSI-RS ports is small

Agreement (RAN1#106-e)
At least for rank 1/2 and Mv > 1, for relationship between N and Mv, support following alternative
· Alt 2-1: N >= Mv, Wf is layer-common and reported by UE for N>Mv.
· For Mv=2, N=2 and one value from {3, 4, 5}
· RAN1 to select one value from {3, 4, 5} in RAN1#106bis-e
· FFS: how to report Wf in terms of reporting mechanism and associated bits when Mv=2 and N=one value from {3, 4, 5}
Note: Wf is layer-common for N=Mv
Note: For all alternatives, a layer-common window/set of size N is configured.

Agreement (RAN1#105-e)
For Rel-17 port selection codebook, study following Alternatives and down-select in RAN1 106e:
· Alt 1: Wf OFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length N3. Wf as an all-one vector of length 1 is not needed
· Alt 2: Wf OFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length 1, i.e., a scalar. Wf as an all-one vector of length N3 is not needed.
· Alt 3: Keep both Wf OFF and Wf ON with Mv=1.
· If PMI format is SB, Wf  is an all-one vector of length N3 
· Informative note: this case is considered as “Wf ON with Mv=1” in the agreement in RAN1 104e 
· If PMI format is WB, Wf is an all-one vector of length 1, i.e., a scalar 
· Informative note: this case is considered as “Wf OFF” in the agreement in RAN1 104e
· Note: N3 = NCQISubband*R. 
· FFS: the case when no SB size is configured. 



For the agreed FD bases from a configured single window with size N, it can be applied to any values of N3 or CSI-RS port number. Hence, there is no need to add restrictions for the FD bases.
For Mv = 2, N >= Mv has been supported. For one value of N from {3, 4, 5}, either 4 or 5 is fine considering the tradeoff between flexibility and complexity. In that case, UE should report Mv from N, and -bit is needed considering that the SCI is not always on index 0.

Proposal 8
· For FD bases for Wf, there is no need to add restrictions on value of N or the number of CSI-RS port.
· For N > Mv =2, either N=4 or N=5 is supported. And Mv is reported with bit number of . 

Regarding Wf OFF and Wf ON with Mv=1, there was extensive discussion in last RAN1 meetings. For the three alternatives, UE implementation would be the same. Hence, one alternative is sufficient. But Alt.3 seems to be redundant. Either Alt.1 or Alt.2 is fine to us.

Proposal 9
· Regarding Wf OFF and Wf ON with Mv=1, support either Alt.1 or Alt.2.
· Alt 1: Wf OFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length N3. Wf as an all-one vector of length 1 is not needed.
· Alt 2: Wf OFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length 1, i.e., a scalar. Wf as an all-one vector of length N3 is not needed.

Rank 3 and 4
In last RAN1 meeting, following agreement was made on support of rank 3 and 4.
	Agreement
Support rank 3 and 4 for Rel-17 PS codebook with following:
· Supporting ranks 3 and 4 is optional with separate UE capability (same as Rel-16 PS codebook)
· The maximal CSI overhead of rank 3 and 4 is comparable to rank 2
· FFS: use a smaller K1 (or alpha) or beta for ranks 3 and 4, or limit the maximum number of non-zero coefficients across all layers to 2K0 and per layer to K0 with the same beta
· FFS: limit Mv=1 for ranks 3 and 4 PMI



In our understanding, simple extension of what we have designed for rank 1/2 to rank 3/4 is sufficient. So that there is no need to limit the values of K1, beta, or Mv. Similar as Rel-16, we can just limit the maximum number of non-zero coefficients across all layers to 2K0 and per layer to K0 with the same beta, to control the max. CSI overhead for rank 3/4.

Proposal 10
· For rank 3 and 4 for Rel-17 PS codebook, support to limit the maximum number of non-zero coefficients across all layers to 2K0 and per layer to K0 with the same beta.

Summary
In this contribution, we discussed possible CSI enhancements for DL multi-TRP/panel and Type II PS codebook. Based on the discussion, we have made following proposals.
Proposal 1
· For CSI measurement associated with a CSI-ReportingConfig for NC-JT, two CMRs within the same CMR pair are restricted with the same CDRX active time.
Proposal 2
· For Pc ratio for a CMR pair for NCJT measurement hypothesis, support Alt 3: No change to definition or configuration of Pc ratio.
Proposal 3
· For RI restriction, support Alt 1: One RI restriction is configured per CodebookConfig, whereas the RI restriction is applied to both Single-TRP and NCJT measurement hypotheses. 
· If rank restriction of X is configured, reported rank is X for a Single-TRP measurement hypothesis and sum of two reported ranks is X for a Multi-TRP measurement hypothesis.
Proposal 4
· Support to configure multiple (at least two) CBSR configurations for two CMR groups for single-TRP CSI measurement and/or NCJT CSI measurement.
Proposal 5
· Support Alt 1. On CSI priority calculation, introduce a new parameter j, where j=0 for single-TRP CSI of the first TRP, j=1 for single-TRP CSI of the other TRP, and j=2 for NCJT CSI.
· A new concept of CSI report #m with a CSI priority value corresponds to a single-TRP measurement hypothesis (TRP#0 or TRP#1), or a NCJT measurement hypothesis.
· Support Alt 4. For the new CSI report #m corresponding to NCJT measurement hypothesis, the mapping order of CSI fields of one CSI report should consider two LIs and two PMIs.
· Not support Alt 2. There is no need to modify the table of priority reporting levels for Part2 CSI.
Proposal 6
· For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting for single-DCI based NCJT, support CSI enhancement for URLLC schemes and HST-SFN scheme.

Proposal 7
· Support the bitmap for indication non-zero coefficient can be absent. Either Alt 1 or Alt 2 can be supported.
Proposal 8
· For FD bases for Wf, there is no need to add restrictions on value of N or the number of CSI-RS port.
· For N > Mv =2, either N=4 or N=5 is supported. And Mv is reported with bit number of . 
Proposal 9
· Regarding Wf OFF and Wf ON with Mv=1, support either Alt.1 or Alt.2.
· Alt 1: Wf OFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length N3. Wf as an all-one vector of length 1 is not needed.
· Alt 2: Wf OFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length 1, i.e., a scalar. Wf as an all-one vector of length N3 is not needed.
Proposal 10
· For rank 3 and 4 for Rel-17 PS codebook, support to limit the maximum number of non-zero coefficients across all layers to 2K0 and per layer to K0 with the same beta.
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