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Introduction
In RAN1#106bis-e, several agreements were made for CSI enhancements under multi-TRP deployments, as well as CSI enhancements that exploit FDD channel reciprocity in FR1. For multi-TRP enhancements, agreements were made that refine the scope of enhancements for multi-TRP deployments, including CSI Report configuration, CSI-RS Resource grouping, and CSI report structure. For FDD reciprocity, companies have agreed on spatial and frequency precoding aspects of the codebook for up to Rank 4. In this contribution we provide our views on different aspects of the CSI enhancements under multi-TRP/panel transmission, as well as on CSI enhancements under FR1 FDD reciprocity based on the class of Type-II Port Selection codebooks.
CSI Reporting for DL multi-TRP/Panel Transmission
In RAN1#106bis-e [1], the following agreements were made for CSI enhancements under multi-TRP transmission:
	Agreement
For CSI measurement associated with a CSI-ReportingConfig for NCJT,
· Alt 1: It is expected by a UE that two CMRs within the same CMR pair configured for NCJT measurement hypothesis are within the same CDRX active time.
Agreement
For a NCJT measurement hypothesis, the powerControlOffset (“Pc”) ratio associated with a CMR within a CMR pair configured for the NCJT measurement hypothesis, is defined as 10log10(P_PDSCH/P_CSIRS)  dB
where
· P_PDSCH is the energy of PDSCH ports, which is associated with the CMR, multiplexed 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
Note that whether/how to above agreement is up to the editor. 

Agreement
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting 
· 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.
· FFS: Whether there can be multiple candidate values of X and Y
Agreement
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting
· Alt 1: CBSR is supported and can be applied for both single-TRP and Multi-TRP measurement hypotheses.
· FFS detailed CBSR signalling configured for Multi-TRP
 
Agreement
For CSI measurement associated with a CSI-ReportingConfig for NCJT, support two CMRs within the same CMR pair configured for NCJT measurement hypothesis to be restricted within X continuous slot(s) without DL/UL switch between two CMRs
· X=1, 2
· whereas X=1 implying the same slot and X=2 implying two adjacent slots
· FFS other restrictions for FR2
· FFS whether UE capability is needed for X=2

Agreement
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, down-select one alternative from the following in RAN1 107: 
· Alt 1: One CBSR can be configured per CodebookConfig, whereas CBSR is applied to all CMRs regardless measurement hypotheses or CMR groups.
· Alt 2: Two CBSRs can be configured per CodebookConfig, whereas one CBSR is applied to one CMR group in a CMR resource set respectively, i.e. per TRP.
Conclusion
· “N CMR pairs” and “Two CMR groups” are configured in NZP-CSI-RS-ResourceSet
· “sharedCMR” is configured in CSI-ReportConfig



CSI Report Priority for multi-TRP Transmission
In RAN1#105-e [2], it was agreed to discuss CSI prioritization for Option 1 reporting with X=1,2. First, we would like to emphasize that CSI prioritization is not only useful for CSI omission; it is also related to the mapping order of the CSI in the UCI sequence, i.e., for UCI payload generation. If CSI for more than one hypothesis is reported, e.g., Option 1 with X=1,2, there must be a rule/signaling/indication of which CSI is reported first in UCI, to avoid ambiguity when the gNB decodes the UCI sequence. Therefore, we believe ordering CSI based on hypothesis is needed.
Agreeing on CSI report priority for Option 1, X=1, 2 is necessary to characterize the UCI payload generation for multi-TRP CSI
In NR Rel. 15 and Rel. 16 codebooks, there are two levels of prioritization/ordering of CSI report: a first level is prioritization/ordering across CSI reports corresponding to different reporting configurations, which is discussed in Clause 5.2.5 of [3]. In summary, each CSI report is associated with a priority value, where a lower CSI priority value indicates higher priority, as follows

s: CSI reporting configuration index, where Ms is the maximum number of CSI reporting configurations
c: Cell index, and Ncells is the number of serving cells 
k: 0 for CSI reports carrying L1-RSRP or L1-SINR, and 1 otherwise
y: 0 for aperiodic reports, 1 for semi-persistent reports on PUSCH, 2 for semi-persistent reports on PUCCH, 3 for periodic reports
The second level of prioritization/ordering is within the fields of the same CSI report, which is provided in Clause 6.3.1.1.2 and Clause 6.3.2.1.2 of [4] for UCI on PUCCH and PUSCH, respectively. Note that different codebook types have different prioritization rules. In NR Rel. 17 codebook, some multi-TRP CSI reporting scenarios (Option 1 with X=1,2) are unconventional since the same CSI reporting configuration triggers CSI for multiple hypotheses. In our opinion two alternatives exist to govern the CSI prioritization under these scenarios, as follows: 
Alt1: Each CSI hypothesis is treated as a separate CSI report. This requires relaxing the Rel. 15/16 limitation of one CSI report per configuration, however the specification impact would be limited since only the CSI report priority formula in Clause 5.2.5 of [3] needs to be updated. 
In RAN1#06bis-e, the UCI payload construction for the reported CSIs under multi-TRP CSI reporting was further discussed, however no agreement was reached. One stable version of the proposal that was discussed in the meeting is provided below, as follows
	Proposal: 
To confirm the order of UCI payload construction for reported CSIs, down-select one from the following:
· Alt 1: modify priority equation, i.e., Section 5.2.5 in 38.214.
· i.e. introducing priority index corresponding to single-TRP or NCJT measurement hypothesis type. It also implies that one CSI reporting setting for NCJT measurement reporting can contain multiple CSI reports each of which corresponds to one single-TRP or NCJT measurement hypothesis
· 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 
· i.e. introducing mapping order of CSI fields in the order of MTRP CSI, the first TRP CSI, and the second TRP CSI. It also implies that one CSI reporting setting for NCJT measurement reporting contains single CSI report which corresponds multiple single-TRP and/or NCJT measurement hypotheses
· FFS whether modifying the table of priority reporting levels for Part 2 CSI is needed for prioritized single-TRP or NCJT measurement hypothesis type for Part 2 CSI


In our opinion, either alternative can be used to construct the UCI payload for the reported CSIs under multi-TRP CSI framework, however, different solutions may vary in terms of meaningfulness of CSI field ordering, which also impacts performance under UCI omission. Additionally, a clean solution that does not unnecessarily complicate the specification is preferred. Here, we provide  would provide different solutions under both Alt 1 and Alt 4, that strive to optimize the UCI payload generation with reasonable specification effort, as follows
Proposed solution based on Alt1: 
Under Alt1, multiple CSI reports are associated with the same CSI reporting configuration index for CSI reporting Mode 1 with X=1,2, with X+1 CSI reports. Hence, two modifications are required to generate UCI payload without ambiguity:
1. Update the CSI report priority function to include a parameter that represents the CSI report index within a CSI reporting configuration. One example of the updated CSI priority value is as follows

where n is the CSI report index within a CSI reporting configuration, taking on values {0,1,..,X}, and Nr is the maximum number of CSI reports per CSI reporting configuration in a serving cell. One way to break the tie between the CSI reports within the same CSI reporting configuration is to assign higher priority to legacy reporting corresponding to a single-TRP CSI report, compared with NCJT report. For the case of X=2 with two single-TRP CSI reports and one NJCT CSI report, the two CSI reports corresponding to single-TRP transmission can be given higher priority compared with NCJT CSI report, however, ties must be broken between the two single-TRP CSI reports, e.g., based on the CSI-RS resource ID corresponding to the CMR used for single-TRP hypothesis.
2. Update the mapping order of CSI fields of one CSI report in in Clause 6.3.1.1.2 and Clause 6.3.2.1.2 of [4] corresponding to Type-I single panel codebook to include NCJT hypothesis, i.e., extend the CSI report to include up to 2 PMI, 2 RI and 2 LI. Note that the same table(s) for mapping order of CSI fields for CSI reporting Mode 2 can be needed, without the need to introduce additional table(s) that are specific to CSI reporting mode 1. 
Alt1 for CSI reporting can be supported via introducing a new priority equation with reusing the table of CSI fields of CSI reporting Mode 2 for NCJT CSI

Proposed solution based on Alt4: 
Under Alt4, CSIs corresponding to the X+1 CSI hypotheses for CSI reporting mode 1 are stacked into a single CSI report, e.g., for X=2, 4 PMI, 4 LI, 4 RI and 3 CQI values are reported in one CSI report. This aligns with Rel. 15/16 in terms of one-to-one association between a CSI report and a CSI reporting configuration, however, it would require larger specification impact in Clause 6.3.1.1.2 and Clause 6.3.2.1.2 of [4] in order to accommodate for the new CSI report structure. Since the CSI fields of the CSI report under Alt4 would include a subset corresponding to Rel-15/16 CSI fields of a single-TRP CSI report, one way to reduce the specification impact under this alternative is to introduce a super-field that corresponds to all CSI fields in Rel-15/16 single CSI report. One example for CSI reporting mode 1 with X=2 for CSI Part 1 is provided in Table 1, as follows
	CSI report number
	CSI fields

	CSI report #n
CSI part 1
	CSI fields of CSI part 1 according to Table 6.3.1.1.2-9 of [4] for CMR group 1

	
	CSI fields of CSI part 1 according to Table 6.3.1.1.2-9 of [4] for CMR group 2

	
	CRI corresponding to CSI-RS resource pair from two CMR groups

	
	RI corresponding to rank pair for CSI-RS resource pair 

	
	WB CQI associated with CSI-RS resource pair from two CMR groups

	
	SB differential CQI associated with CSI-RS resource pair from two CMR groups


[bookmark: _Ref87013122]Table 1: CSI fields of CSI Part 1 corresponding to CSI Report Mode 1, X=2
Note from Table 1 that CSI fields corresponding to CSI Part 1 of a single-TRP hypothesis are represented in the table as only one field for simplicity, and to avoid repeating information. A similar approach can be used with CSI Part 2 wideband and Part 2 sub-band tables.
Alt4 for CSI reporting can be supported via introducing new tables for mapping order of CSI field for CSI Part 1, CSI Part 2 WB and CSI Part 2 SB
Based on the previous discussion, our preference is Alt1, with one CSI report per hypothesis, since this solution is more straightforward and would cause less specification impact, compared with Alt4.
A CSI report is defined for each CSI hypothesis, i.e., X+1 CSI reports are defined for CSI reporting Mode 1 with X single-TRP CSI reports  

Codebook subset restriction for multi-TRP based CSI Reporting
In RAN1#106bis-e [1], it was agreed that codebook subset restriction is supported for multi-TRP CSI framework, with two alternatives due for down selection in this meeting, as follows
· Alt 1: One CBSR can be configured per CodebookConfig, whereas CBSR is applied to all CMRs regardless measurement hypotheses or CMR groups.
· [bookmark: _Hlk86878457]Alt 2: Two CBSRs can be configured per CodebookConfig, whereas one CBSR is applied to one CMR group in a CMR resource set respectively, i.e. per TRP
[bookmark: _Hlk86878219]In general, the main functionality of CBSR configuration is allowing the network to restrict the UE from selecting specific beams that may cause strong inter-cell interference from the TRP(s) in the network. In order to have a reasonable selection of one of the two alternatives above, we provide an example that helps analyze the differences between the two alternatives. First, consider multi-TRP transmission from two TRPs, TRP A and TRP B, with a total of 4 spatial beams to select for the PMI corresponding to {v1, v2, v3, v4}. Furthermore, assume the network would restrict the UE from selecting {v1} and {v3} for the PMI corresponding to TRP A and TRP B, respectively. Under that setup, if Alt2 CBSR is supported, two CBSR configurations are shared with the UE, where the UE can select {v2, v3, v4} and {v1, v2, v4} for codebooks corresponding to TRP A and TRB B, respectively, i.e., only 25% of the beams are restricted per TRP. On the other hand, if Alt1 CBSR is supported with one CBSR configuration shared, the network would then have to restrict a union of both beams, {v1, v3}, for each of the TRPs, i.e., the set of valid beams for each of the two TRPs is {v2, v4}, i.e., 50% of the beams are restricted for each of the two TRPs, where {v3} and {v1} are unnecessarily restricted for TRP A and TRP B, respectively. In light of that, it is clear that system performance under Alt1 is expected to improve over that of Alt2, since Alt2 would result in unnecessarily restricting additional beams for each TRP, although they do not cause inter-cell interference. In light of that, we support Alt1 
CBSR Alt2 may unnecessarily restrict beams that do not cause inter-cell interference from a given TRP
Support Alt1 with two CBSRs configured per codebook configuration

Rank indicator restriction for multi-TRP based CSI Reporting
In RAN1#104bis-e [5], it was agreed to support the following RI pairs for NCJT: {1, 1}, {1, 2}, {2,1}, {2,2}, where the total number of layers is limited to 4, such that the difference between the number of layers corresponding to the two NCJT PMIs is no larger than one. It was agreed in RAN1#106bis-e to support two RI restrictions; one for single-TRP hypothesis and one for multi-TRP hypothesis. Details on whether specific combinations of rank restrictions would be supported was left FFS. In our opinion, RI restriction configuration should depend on the multi-TRP CSI reporting configuration, i.e., CSI mode and corresponding value of X, if applicable. For instance, under Mode 1 with X=0, only RI restriction bitmap of 4 bits is needed, corresponding to the four possible RI pairs under NCJT, whereas two bitmaps of sizes 4, 8, corresponding two RI restriction for NCJT and single-TRP transmission, respectively, should be configured
For CSI reporting Mode 1, X=0, support one RI restriction with 4 bits corresponding to all possible RI pairs of NCJT hypothesis. Otherwise, support two RI restrictions with 4 bits, 8 bits, respectively, corresponding to all possible RI pairs for NCJT hypothesis, and all possible RI for single-TRP transmission hypothesis, respectively

Non-PMI CSI reporting 
In RAN1#106-e, it was proposed to support non-PMI based port-selection for NCJT instead of Type-I and Type-II codebooks. While non-PMI CSI reporting can be of interest as a standalone topic, it is not clear however why such approach would be beneficial particularly for NCJT hypothesis, especially that performance gains of non-PMI based port-selection over conventional codebooks are yet to be justified. Given the notable shortage of time to finalize the CSI enhancements before the conclusion of Rel. 17 RAN1 discussions, we prefer to defer the support of non-PMI CSI reporting to future releases.
No clear justification is provided that shows the benefit of non-PMI based CSI reporting over legacy schemes
Non-PMI CSI reporting is not supported for multi-TRP CSI framework

CSI computation delay 
In RAN1#106-e, some companies suggested that CSI computation delays should be relaxed for multi-TRP CSI framework, since a UE needs to compute multiple PMI. On one hand, computing multiple PMI corresponding to different CSI-RS resources implies a larger number of CPUs, and hence the multiple PMI processing is already considered in complexity constraint. On the other hand, the multiple PMI in multi-TRP CSI reporting may require joint processing to handle the inter-TRP interference. In our opinion, one straightforward design implementation would be based on successive PMI design, i.e., when computing two PMI for NCJT, the first PMI is designed without constraint, whereas the second PMI design is conditioned on the first PMI, i.e., the two PMI calculations are successive. Given that, relaxing the CSI computation delay may be needed for some implementations
CSI computation delay relaxation is supported for multi-TRP CSI reporting
Type-II Port Selection Codebook Enhancement
[bookmark: _Hlk53958228]In RAN1#106-e [6], the following agreements were made for port-selection codebook enhancements under FDD channel reciprocity in FR1:
	Agreement
For Rel-17 PS codebook for rank 3 and 4, support layer-common port selection

Agreement
For Rel-17 PS codebook rank 3-4, support layer-specific non-zero coefficient selection (bitmap) of W2.

Agreement
To mitigate CSI overhead of Rel-17 PS codebook rank 3~4, the value of beta for rank 3 and 4 is the same with that for rank 1 and 2
· Limit the maximum number of non-zero coefficients across all layers to 2K1*Mv*beta and per layer to K1*Mv*beta
Agreement
For Rel-17 PS codebook, support RI restriction which is the same with Rel-16 PS codebook, i.e., 4 bits are used to indicate the applicable ranks separately.

Conclusion
For Rel-17 PS codebook, CBSR to restrict port and corresponding amplitude is not needed 

Agreement
For Rel-17 PS codebook for rank 3/4 and M> 1, 
· Support M=2, which is rank-common
· When N >= M, Wf is layer-common and reported by UE for N>M
· Note: Wf is layer-common for N=M

Agreement
For Rel-17 PS codebook rank 1~2 PMI, the bitmap(s) of indicating non-zero coefficients for corresponding layer(s) is absent if reported KNZ=K1*M*rank
· Where KNZ is the number of non-zero coefficients reported by UE 

Agreement
[bookmark: _Hlk86881849]For UCI part II of Rel-17 PS codebook, study the following alternatives and down-select one or more alternatives in RAN1 107
· [bookmark: _Hlk86881802]Alt 1: Report Port indicator, SCI, and FD indicator in Group 0
· Alt 2: Report bitmap in Group 0 or Group 1 without bitmap partition
· Alt 3: Three groups of UCI Part 2 for Rel-16 PS codebook is reused for Rel-17 PS codebook enhancement except that the starting position of the FD basis window is not needed
Note that other solutions of UCI part II design are not excluded. 

Agreement 
With regarding to parameter combinations, following 8 parameter combinations are supported in Rel-17 PS codebook:
	M
	Alpha
	Beta

	1
	1
	1

	1
	1
	3/4

	1
	1
	1/2

	1
	3/4
	1/2

	2
	1
	3/4

	2
	1
	1/2

	2
	3/4
	1/2

	2
	1/2
	1/2


FFS: whether further restrictions/dependences for given parameter combination(s) are needed 

Agreement 
For the priority of mapping coefficients for Rel17 PS codebook, study the following alternatives and down-select one or more alternatives in RAN1#107-e:
· Alt 1: Support mapping coefficients firstly across port indices, secondly across FD basis indices, and thirdly across layers, i.e. priority value is given by the priority value 
· Alt 2: Support mapping coefficients firstly across layers, secondly across port indices, and thirdly across FD basis indices, i.e., the priority value is given by 
· Alt 3: Support mapping coefficients firstly across layers, secondly across port indices, and thirdly across FD basis indices, i.e., the priority value is given by 
· FFS port permutation function 
Note that other solutions are not excluded. 

Agreement
For Rel-17 PS codebook, 
· pmi-FormatIndicator is not needed for Rel-17 PS codebook
· A CSI Reporting Setting is said to have a wideband frequency-granularity if "codebookType" is set to "typeII-PortSelection-r17" with M=1 and cqiFormat = WB. 
· To be captured in 5.2.1.4 of 38.214
· A unified codebook formula is used for M=1 and M=2 in 38.214

Agreement
In addition to N=2, N=4 is supported when M=2 for rank 1/2
· For rank 3/4, when M=2, N = 2 or 4 is supported and same with the value of N configured for rank 1/2
· FFS how to handle N3=3 case

Agreement
If M=2 and N>M, the non-zero offset between the lower and higher FD indices of Wf is reported by using ceiling(log2(N-1)) bits, assuming that the lower FD index (reference for the offset) of Wf is 0.
· Note: The phase shift/remapping of FD basis is up to UE implementation which may remap M FD components so that the lower FD index of Wf is assumed to be 0.


Agreement
For Rel-17 PS codebook, support R=2 when M=2
· Note that this R is optional, whereas how to support R=2 in Rel-17 UE capability signaling is FFS, e.g. similar with Rel-16 eType II codebook. 


UCI Part II content for FeType-II codebook
In RAN1#106bis-e [1], it was agreed to study the following alternatives for UCI part II design of FeType-II codebook, for down selection in RAN1#107-e, as follows:
· Alt 1: Report Port indicator, SCI, and FD indicator in Group 0
· Alt 2: Report bitmap in Group 0 or Group 1 without bitmap partition
· Alt 3: Three groups of UCI Part 2 for Rel-16 PS codebook is reused for Rel-17 PS codebook enhancement except that the starting position of the FD basis window is not needed
In our opinion, the three alternatives are not disjoint, and can be combined to establish a reasonable UCI Part II design. For instance, we support a CSI Part II decomposition of three groups, where Port indicator, SCI and FD indicator are included in CSI Part II Group 0 (Alt1), whereas the bitmap(s) are reported in Group 1 of CSI Part II (Alt2), and coefficient values are distributed among Group 1 and Group 2 of CSI Part II. 
Supporting a combination of the RAN1#106bis-e alternatives of UCI Part II content is possible
The reason we support this design over the legacy design in Alt3 is as follows: with reciprocity-based port selection codebook, the network may be able to reconstruct a rough estimate of the precoder based on the bitmap(s) by exploiting partial reciprocity, e.g., coefficient amplitude values, even if the corresponding coefficient values are not reported due to omission of Group 2 of CSI Part 2. In light of that, we have the following proposal
For UCI Part II content, support a three-group decomposition of UCI Part  II for FeType-II codebook, where Port indicator, SCI, and FD indicator are reported in Group 0, the bitmap(s) and the first of two partitions of the coefficient information are reported in Group 1,  and the second of two partitions are reported in Group 2 od UCI Part II

Priority of mapping the coefficients of FeType-II codebook
As discussed in the previous section regarding the UCI Part II decomposition for FeType-II codebook, coefficients’ information, i.e., amplitude and phase values, are expected to be partitioned into two partitions, in which the first partition is included in Group 1 of UCI Part II, and the second partition is included in Group 2 of UCI Part 2. In RAN1#106bis-e, the following alternatives were provided for down-selection in this meeting, as follows
·  Alt 1: Support mapping coefficients firstly across port indices, secondly across FD basis indices, and thirdly across layers, i.e. priority value is given by the priority value 
· Alt 2: Support mapping coefficients firstly across layers, secondly across port indices, and thirdly across FD basis indices, i.e., the priority value is given by 
· [bookmark: _Hlk86887276]Alt 3: Support mapping coefficients firstly across layers, secondly across port indices, and thirdly across FD basis indices, i.e., the priority value is given by 
· FFS port permutation function 
In the sequel we provide a quick comparison of the three alternatives above, assuming an example in which the reported rank is v=2, M=1, and beta=1, i.e., all coefficients are reported for all layers. Under this example, we showcase the coefficient grouping as well as the impact of CSI omission of one of the two coefficients partitions in Table 2, as follows
	Alternative
	Coefficient partitioning
	CSI omission

	Alt1
	First partition comprises coefficient information corresponding to layer 1, whereas the second partition comprises coefficient information corresponding to layer 2
	CSI omission of the second partition coefficient information would result in omitting layer 2 coefficient information

	Alt2
	First partition comprises coefficient information corresponding to ports with a first polarization, whereas the second partition comprises coefficient information corresponding to ports with a second polarization
	CSI omission of the second partition coefficient information would result in omitting  coefficient information corresponding to one polarization

	Alt3
	First partition comprises coefficient information corresponding to a first set of permuted ports, whereas the second partition comprises coefficient information corresponding to a second set of permuted ports
	CSI omission of the second partition coefficient information would result in omitting coefficient information corresponding to the second set of permuted ports


[bookmark: _Ref86884495]Table 2: Comparison of coefficient mapping alternatives for FeType-II codebook
Based on the comparison above, one disadvantage of Alt1 is that coefficient information corresponding to half of the total number of layers reported may be omitted, leading to significant drop in throughput. On the other hand, Alt2 would maintain coefficient information corresponding to the two layers, however, coefficients corresponding to one of the two polarizations would be omitted, leading to power inefficiency since one of the two antenna polarizations would be turned off. One solution to resolve this issue is to map the coefficients in an order of permuted port indices, as implied in Alt3, so that each partition includes a mixture of coefficients corresponding to both antenna polarizations. One example of such permutation function would be 

For instance, for L=4, if ports {0,1,2,3} and {4,5,6,7} are associated with the first and second polarizations, respectively, the coefficients would be grouped based on the following port groups {0,4,1,5} and {2,6,3,7}. Clearly, this permutation can help avoid the issues of Alt2, in which coefficients corresponding to the same antenna polarization may all be omitted. 
Alt1 coefficient mapping may result in omitting all coefficients’ information corresponding  to a layer in case of UCI omission, leading to reduction in transmission rank
Alt2 coefficient mapping may result in omitting all coefficients’ information corresponding to one polarization in case of UCI omission, leading to reduction in transmission power
Support Alt3 mapping coefficients firstly across layers, secondly across permuted port indices, and thirdly across FD basis indices, where an example of a port indices permutation function is 

Parameter combination configuration for FeType-II codebook
In RAN1#106bis-e, it was agreed to support two value R=1,2, where R is the number of PMI sub-bands per CQI sub-band with R=2 being optionally supported based on a UE feature. We prefer to follow the legacy values in Rel. 16 Type-II codebook with R=1, 2, with the value “2” being optional. Since a configuration with R=2 is only valid if M >1, we prefer including the parameter R to set of parameters of the parameter combination, as shown in Table 3, as follows
	M
	Alpha
	Beta
	R

	1
	1
	1
	1

	1
	1
	3/4
	1

	1
	1
	1/2
	1

	1
	3/4
	1/2
	1

	2
	1
	3/4
	1

	2
	1
	1/2
	1

	2
	3/4
	1/2
	2

	2
	1/2
	1/2
	2


[bookmark: _Ref86881201]Table 3: Proposed parameter combination table for FeType-II codebook
In the table above, only configurations associated with parameter combinations including both M=2, Alpha<1 are associated with R=2, in order to avoid further increasing the complexity for configurations with M=2, Alpha=1.
The parameter paramCombination-r17 configures the supported parameter combination values of the parameters (α, Mv, β, R)
Conclusion
This contribution addressed CSI enhancements for NR Rel. 17, including enhancements for NCJT as well as CSI enhancements under FDD channel reciprocity in FR1. 
For CSI enhancements for NCJT multi-TRP, we have the following observations:
1. Agreeing on CSI report priority for Option 1, X=1, 2 is necessary to characterize the UCI payload generation for multi-TRP CSI
1. Alt1 for CSI reporting can be supported via introducing a new priority equation with reusing the table of CSI fields of CSI reporting Mode 2 for NCJT CSI
1. Alt4 for CSI reporting can be supported via introducing new tables for mapping order of CSI field for CSI Part 1, CSI Part 2 WB and CSI Part 2 SB
1. CBSR Alt2 may unnecessarily restrict beams that do not cause inter-cell interference from a given TRP
1. Rel. 16 Type-II codebook achieves better performance compared with Type-I codebook, as well as being configurable for different performance/overhead tradeoff points
Based on the observations above, we have reached the following conclusions for CSI enhancements under NCJT:
1. A CSI report is defined for each CSI hypothesis, i.e., X+1 CSI reports are defined for CSI reporting Mode 1 with X single-TRP CSI reports
1. Support Alt1 with two CBSRs configured per codebook configuration
1. For CSI reporting Mode 1, X=0, support one RI restriction with 4 bits corresponding to all possible RI pairs of NCJT hypothesis. Otherwise, support two RI restrictions with 4 bits, 8 bits, respectively, corresponding to all possible RI pairs for NCJT hypothesis, and all possible RI for single-TRP transmission hypothesis, respectively
1. Non-PMI CSI reporting is not supported for multi-TRP CSI framework
1. CSI computation delay relaxation is supported for multi-TRP CSI reporting
For CSI enhancements under FDD channel reciprocity in FR1, we have the following observations: 
1. Supporting a combination of the RAN1#106bis-e alternatives of UCI Part II content is possible
1. Alt1 coefficient mapping may result in omitting all coefficients’ information corresponding  to a layer in case of UCI omission, leading to reduction in transmission rank
1. Alt2 coefficient mapping may result in omitting all coefficients’ information corresponding to one polarization in case of UCI omission, leading to reduction in transmission power
Based on the observations above, we have reached the following conclusions for CSI enhancements under FDD channel reciprocity in FR1:
1. For UCI Part II content, support a three-group decomposition of UCI Part  II for FeType-II codebook, where Port indicator, SCI, and FD indicator are reported in Group 0, the bitmap(s) and the first of two partitions of the coefficient information are reported in Group 1,  and the second of two partitions are reported in Group 2 od UCI Part II
1. Support Alt3 mapping coefficients firstly across layers, secondly across permuted port indices, and thirdly across FD basis indices, where an example of a port indices permutation function is 
1. The parameter paramCombination-r17 configures the supported parameter combination values of the parameters (α, Mv, β, R)
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