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Introduction
In the previous meeting, there were several agreements related to CSI enhancements [1]. The agreements are captured in the relevant subsection in section 2.
Discussion
Enhancements on multi-TRP transmission
The followings show the agreements related to the enhancement on multi-TRP transmission in the previous meeting.
	Agreement
For the UE configured to report X CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis (i.e. Option 1), the bitwidth associated to X+1 CRI(s) are given as following:
· Ceil(log2(N)) for X=0
· Ceil(log2(N)) in CSI associated with NCJT measurement hypothesis and Ceil(log2(M1+M2)) in CSI associated with Single-TRP measurement hypothesis for X=1
· Ceil(log2(N))  in CSI associated with NCJT measurement hypothesis and Ceil(log2(M1))  and  Ceil(log2(M2)) in CSI associated with Single-TRP measurement hypothesis for X=2
· Note that M1 (M1<=K1) and M2 (M2<=K2) is the number of CMRs configured for Single-TRP measurement hypothesis in the first and second CMR groups respectively in a CMR measurement set.

Agreement
For the UE be configured to report one CSI associated with the best one among NCJT and single-TRP measurement hypotheses (i.e. Option 2),
· Alt 1: the first M1+M2 codepoints of CRI corresponds to M1+M2 CMRs for Single-TRP measurement hypothesis and the second N codepoints corresponds to N CMR pairs for NC-JT measurement hypothesis.
· Note that M1 (M1<=K1) and M2 (M2<=K2) is the number of CMRs configured for Single-TRP measurement hypothesis in the first and second CMR groups respectively in a CMR measurement set. 

Agreement
For CSI measurement associated to a NCJT measurement hypothesis in Rel-17, the maximal number of total transmission layers is up to 4 layers.  

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

Agreement
For CSI measurement associated with a CSI-ReportConfig for NC-JT, support following Alt:
· Alt 3: For CMRs configured in the CSI-RS resource set, support RRC signalling to enable/disable single-TRP measurement hypothesis using CMRs configured within CMR pairs for NCJT measurement hypothesis

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: 
· 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.

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.
· 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

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.

Agreement
For CSI computation delay requirement associated with a CSI-ReportingConfig for a NCJT measurement hypothesis, study following alternatives:
· Alt1: introducing new/relaxed values on Z and Z’, FFS exact values or other conditions
· Alt2: No changes of values on Z and Z’

Agreement
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT measurement hypothesis, study whether to support non-PMI CSI reporting with reportQuantity set to "CRI-RI-CQI" in Rel-17
· Related details, if needed, are to be discussed in RAN1#106bis.
· Interested companies are encouraged to share details and related specification impact if support

Conclusion: 
Default value of Ks, max can be discussed later with Rel-17 MIMO UE capability.



Regarding the order of UCI payload construction for reported CSIs, the following three alternatives were agreed for further study in the last meeting. 
- 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.
- 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 our perspective, Alt 2 can provide benefits as follows. In the case of CSI report setting with Option 1 and X=1 or 2, the probability that the entire CSI report is dropped can increase due to the large payload size. So, additional priority rule can be defined based on Alt2 in order to avoid dropping of the entire CSI report. In the current specification, Part 2 subband CSI of even subbands has priority over that of odd subbands for the same CSI report. To support additional priority rule with low specification impact, single TRP CSI and NCJT CSI for the same subband CSI with the same priority can be divided into different priorities as follows.
· Part2 subband CSI of even subbands for STRP CSI for CSI report K > Part2 subband CSI of even subbands for NCJT CSI for CSI report K > Part2 subband CSI of odd subbands for STRP CSI for CSI report K > Part2 subband CSI of odd subbands for NCJT CSI for CSI report K
 Proposal #1: Support Alt 2 to define the order of UCI payload construction for reported CSI, and for Part 2 subband CSI of even or odd subbands, STRP CSI has higher priority over NCJT CSI when UCI payload size exceeds allocated PUSCH resources. 
- Alt 2: modify the table of priority reporting levels for Part 2 CSI, i.e., Table 5.2.3-1 in 38.214.

In the last meeting, six alternatives for RI restriction were agreed. Among the alternatives, the following Alt 3 can be the most flexible configuration method for RI restriction. So, Alt 3 should be supported for flexible RI restriction configuration. 
- 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.
Furthermore, in the current specification, CBSR can be configured based on n1-n2 in CodebookConfig IE, and n1-n2 can be defined based on a specific antenna structure of gNB among different antenna structures. Therefore, if single configuration for the same CBSR is used, the same antenna structure should be assumed for different TRPs. However, different TRPs can have different antenna structures, i.e., different value of (N1, N2), and single CBSR cannot support such deployment. Consequently, different CBSRs should be supported in order to support different antenna structures for different TRPs. 
Proposal #2: Support Alt 3 for multiple RI restrictions. 
- 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.
Proposal #3: Support multiple codebook subset restrictions for different TRPs.

Regarding CSI computation delay requirement associated with a CSI-ReportingConfig for a NCJT measurement hypothesis, introducing relaxed values on Z and Z’ should be considered. For a NCJT measurement hypothesis, UE should calculate interference between CMRs in a CMR pair. For this purpose, a NCJT measurement hypothesis can be calculated based on a large number of combinations for different PMIs for the CMRs. So, the relaxed values on Z and Z’ should be supported in order to provide sufficient time for UE to calculate the accurate NCJT CSI. 
Proposal #4: Support relaxed values on Z and Z’ for CSI computation delay requirement associated with a CSI-ReportingConfig for a NCJT measurement hypothesis.

In the last meeting, there was an agreement for further study of Pc ratio (i.e., powerControlOffset). And three alternatives were made. Regarding Pc ratio, the definition of Pc ratio was concluded at RAN1 #96bis meeting as follows. 
	Conclusion
It is common understanding in RAN1 that:
· 
The powerControlOffset (“Pc”) ratio is defined as  dB
· Where
· PPDSCH is the energy of total PDSCH ports multiplexed on one subcarrier of one OFDM symbol
· PCSIRS is the energy of all CSI-RS ports multiplexed on one subcarrier of one OFDM symbol



Based on the above definition, PPDSCH corresponding to a certain CSI-RS can be naturally inferred based on PCSIRS and Pc ratio values of the corresponding CSI-RS. And UE may select the most preferred CSI-RS from STRP CSI perspective based on the inferred PPDSCH. In NCJT CSI perspective, NCJT CSI can also be calculated by UE implementation based on the inferred PPDSCH for each CSI-RS. For example, each inferred PPDSCH for different CSI-RSs may be obtained and averaged. And this average value can be assumed as the inferred PPDSCH for the case of NCJT PDSCH. Therefore, NCJT CSI can also be calculated by UE implementation based on the current definition. 
Proposal #5: Support Alt 3 for definition of Pc ratio.
- Alt 3: No change to definition or configuration of Pc ratio

Enhancements on Type II port selection codebook
The followings show the agreements related to the enhancement on Type II port selection codebook in the previous meeting. 
	Agreement
Support parameter combinations represented by (alpha, Mv, beta) with K1 = alpha*P for Rel-17 PS codebook
· The candidate values of alpha are {1/2, 3/4, 1}
· Note that exact parameter combination will be discussed from RAN1 106bis: 
· based on trade-off among UPT performance, feedback overhead, and complexity
· based on all supported ranks
· Limit total number of parameter combinations comparable to Rel-16 eType II
· Mv={1, 2} and beta = {[1/4], 1/2, 3/4, 1} are from previous agreements

Agreement
For Rel-17 PS codebook, support layer-common port selection for rank 2.

Agreement
For Rel-17 PS codebook, the reserved state for reference amplitude is to be reserved as Rel-16 PS codebook. 

Agreement
For Rel-17 PS codebook, support reporting of the position, [il*, fl*], of the strongest coefficient (SCI) of layer l, using ceil(log2(K1*Mv)) bits

Agreement
For Rel-17 PS codebook with Rank 2, support layer-specific bitmap for indicating non-zero coefficient selection of 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.

Agreement
Following working assumption is confirmed (with revision in RED):
· 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

Conclusion
For Rel-17 PS codebook, there is no consensus on the support of Mv>2 for Wf.

Agreement
For Rel-17 PS codebook, following values of R are supported:
· R = 1 and
· At most one value from {2, D* NPRBSB}
· FFS: which one is to be decided in RAN1#106bis if support, and applicable conditions, e.g. whether the support of this feature when Mv=1
· D is the density of CSI-RS in frequency domain and NPRBSB is the subband size in PRBs
· Note that this R is optional if supported

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

Agreement
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.



Regarding meaning of Wf OFF, three alternatives were agreed in 105-e meeting. As agreed at the #104-e meeting, Wf means the DFT based FD compression matrix introduced in Rel-16. Based on the Rel-16 codebook structure, a UE can report Mv coefficients corresponding to Mv DFT vectors. So, if Mv equals to 1, a single coefficient corresponding to a specific DFT vector can be reported rather than coefficients corresponding to configured subbands. Based on this reporting procedure that is a UE does not report coefficients for subbands, Alt 1 can be more appropriate description for the agreed Rel-17 codebook structure rather than Alt 2. Moreover, commonality can be supported for both cases of Mv=1 and Mv=2 if Alt 1 is supported. Alt 3 is also not suitable due to the same reason. Furthermore, a UE is not expected to be configured with pmi-FormatIndicator if Rel-16 codebook structure is configured. 
 Proposal #6: Support Alt 1 for meaning of Wf OFF.
· 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

The bitmap for indicating non-zero coefficients for W2 can help to lower CSI overhead by not reporting meaningless coefficients corresponding to selected ports and FD bases. Therefore, even when specific Mv and Beta values are configured, e.g., Mv=1 and Beta=1, it is possible to avoid an unnecessary increment in CSI overhead by indicating non-zero coefficients. Furthermore, if a bitmap for indicating non-zero coefficients is absent, coefficients which are close to zero should be reported. The minimum value for amplitude reporting may be  based on Rel-16 value. So performance loss may be caused from inaccurate CSI if the minimum value is used for reporting of zero coefficients. So, the bitmap for indicating non-zero coefficients for W2 should be always present. 
Proposal #7: The bitmap for indicating non-zero coefficients for W2 is always present.

In the last meeting, there was a discussion to decide the value of R. It was agreed to support R=1, but it has not been decided yet whether to support R=2 or R=D*NPRBSB. In perspective of trade-off between UE complexity and performance gain, R=2 which is supported in Rel-16 should be supported in addition to R=1. If R=2 can be configured, Rel-17 Type II CSI may provide more performance gain than the case of configuring only R=1 with an acceptable UE complexity which was considered in Rel-16. In case of R=D*NPRBSB, {2, 4, 8, 16, 32} may be supported as R values. However, for values exceeding 2, it is not clear how much performance gain can be obtained compared to an increase in UE complexity. So, R=2 should be supported for R value greater than 1 considering trade-off between UE complexity and performance gain. 
Proposal #8:  Support R=2 for R value greater than 1 considering trade-off between UE complexity and performance gain.

Conclusion
In this contribution, we discuss on enhancement on CSI measurement and reporting and propose the following based on the discussion.
Proposal #1: Support Alt 2 to define the order of UCI payload construction for reported CSI, and for Part 2 subband CSI of even or odd subbands, STRP CSI has higher priority over NCJT CSI when UCI payload size exceeds allocated PUSCH resources. 
- Alt 2: modify the table of priority reporting levels for Part 2 CSI, i.e., Table 5.2.3-1 in 38.214.
Proposal #2: Support Alt 3 for multiple RI restrictions. 
- 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.
Proposal #3: Support multiple codebook subset restrictions for different TRPs.
Proposal #4: Support relaxed values on Z and Z’ for CSI computation delay requirement associated with a CSI-ReportingConfig for a NCJT measurement hypothesis.
Proposal #5: Support Alt 3 for definition of Pc ratio.
- Alt 3: No change to definition or configuration of Pc ratio
Proposal #6: Support Alt 1 for meaning of Wf OFF.
· 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
Proposal #7: The bitmap for indicating non-zero coefficients for W2 is always present.
Proposal #8:  Support R=2 for R value greater than 1 considering trade-off between UE complexity and performance gain.
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