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1. [bookmark: _Ref4683067] Introduction 
The objective for this agenda item, stated in [1], is given by
Enhancement on CSI measurement and reporting:
a.	Evaluate and, if needed, specify CSI reporting for DL multi-TRP and/or multi-panel transmission to enable more dynamic channel/interference hypotheses for NCJT, targeting both FR1 and FR2
b.	Evaluate and, if needed, specify Type II port selection codebook enhancement (based on Rel.15/16 Type II port selection) where information related to angle(s) and delay(s) are estimated at the gNB based on SRS by utilizing DL/UL reciprocity of angle and delay, and the remaining DL CSI is reported by the UE, mainly targeting FDD FR1 to achieve better trade-off among UE complexity, performance and reporting overhead 
In this contribution, we continue the discussion of CSI enhancement based on the outcome of the previous meetings.

2. CSI Enhancement: Multi-TRP
1. 
2. 
In the RAN1#106bis-e meeting, we have the following agreement for two CMRs in the same CMR pair [2]:
	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



In FR2, if two DL signals require different spatial Rx filters, it is common that they have different dynamic ranges. Then, while the automatic gain control (AGC) module adjusts the dynamic range during beam switching, the AGC module also incurs random phase rotation. As different phase rotations affect the CSI accuracy for an NCJT measurement hypothesis, a further restriction is preferable to avoid any undesired phase change:

Proposal 1: For CSI measurement associated with a CSI-ReportingConfig for NCJT, the UE expects that the two CSI-RS resources for channel measurement in a Resource Pair and any DL signal in a time interval between the two CSI-RS resources are resource-wise QCLed with respect to 'typeD'.


In the RAN1#106e meeting, it was agreed to further study UCI payload construction for reported CSIs [2]:
	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



First, it is desirable to have finer granularity for CSI omission so that gNB can at least acquire some partial CSI that are useful for scheduling. Second, considering limited schedule for R17, minimum specification impact is preferable. We propose that each CSI measurement hypothesis is mapped to a distinct CSI report. Comparing with mapping all hypotheses to a single CSI report, RAN1 does not need to further discuss how to divide the CSI into groups and then design new CSI omission rules accordingly.    
In the RAN1#106bis-e meeting, some companies raise the concern that Alt 1 will have a huge specification impact. To address their concern, we identify the required changes in TS 38.212, TS 38.213, and TS 38.214:
TS 38.212
· For NCJT measurement hypotheses, specify mapping order of CSI fields based on Table 6.3.1.1.2-7/9/10/11 for PUCCH and Table 6.3.2.1.2-3/4/5 for PUSCH
TS 38.213
· (If) a resource for a PUCCH transmission with HARQ-ACK information in response to SPS PDSCH reception and/or a resource for a PUCCH associated with a SR occasion overlap in time with two resources for respective PUCCH transmissions with two CSI reports
· the UE 
· multiplexes the HARQ-ACK information and/or the SR in the resource for the PUCCH transmission with the  a CSI report having the higher highest priority, and 
· does not transmit the PUCCH with the CSI report having the lower priority 
· For a transmission occasion of a single CSI report or multiple CSI reports with the same CSI-ReportConfigId, a PUCCH resource is provided by pucch-CSI-ResourceList. For a transmission occasion of multiple CSI reports, corresponding PUCCH resources can be provided by multi-CSI-PUCCH-ResourceList and the CSI reports with the same CSI-ReportConfigId are provided the same PUCCH resource.
· if any of the CSI reports with different CSI-ReportConfigIds are overlapping and the UE is provided by multi-CSI-PUCCH-ResourceList with [image: ] PUCCH resources in a slot, for PUCCH format 2 and/or PUCCH format 3 and/or PUCCH format 4, as described in clause 9.2.1, where the resources are indexed according to an ascending order for the product of a number of corresponding REs, modulation order [image: ], and configured code rate [image: ]
TS 38.214
· [bookmark: _Hlk523145131]A UE configured with DCI format 0_1 or 0_2 does not expect to be triggered with multiple CSI reports of the same hypothesis index with the same CSI-ReportConfigId.
· Specify the number of CPUs  for each of the X+1 CSI reports in Section 5.2.1.6
· Modify the priority equation in Section 5.2.5

Given the above analysis, the specification effort is clearly manageable.

Proposal 2: For Option 1 with X = 1, 2, each CSI measurement hypothesis is mapped to a distinct CSI report.

Then, the CSI priority formula needs to be updated. The following two CSI priority formulas are reasonable to us: Either
,
or 
,
where  for the NCJT measurement hypothesis,  for the first single-TRP measurement hypothesis, if reported, and  for the second single-TRP measurement hypothesis, if reported.  is the number of CSI reports in a CSI reporting setting. If UE is configured to report one single CSI report for a CSI reporting setting, then  and .
Proposal 3: The CSI priority formula is updated as: Either
,
or 
,
where  for the NCJT measurement hypothesis,  for the first single-TRP measurement hypothesis, if reported, and  for the second single-TRP measurement hypothesis, if reported.  is the number of CSI reports in a CSI reporting setting. If UE is configured to report one single CSI report for a CSI reporting setting, then  and .

In the RAN1#106bis-e meeting, we have the following agreements on CBSR [2]:
	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 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.



CBSR can be used to control inter-cell interference towards the other cells. As two TRPs are usually at different locations or at least face different directions, CBSR per TRP is more reasonable.

Proposal 4: For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, support 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.


For a single-TRP measurement hypothesis, the Frobenius norm of its precoder is normalized to one according the current specification. How about an NCJT measurement hypothesis? If we follow the current specification without change, then the normalization is performed per TRP and the total transmission power would be doubled for an NCJT measurement hypothesis. Alternatively, we can apply a scaling factor of  per TRP so that the total transmission power will be equal to a single-TRP measurement hypothesis. Finally, we can also apply a joint normalization across the layers, i.e., a scaling factor , where  is the rank for TRP . It is preferable to have a common understanding between UE and gNB on the normalization for NCJT as it may impact the reported number of layers and the reported measurement hypothesis (single-TRP vs. NCJT).


Proposal 5:  For an NCJT measurement hypothesis, decide the normalization for its two precoders  and :
· Alt 1:  (no specification change)
· Alt 2: 
· Alt 3: The power of each column in  and  is normalized to .
·  is the Frobenius norm


3. CSI Enhancement: FR1 FDD Reciprocity
In the RAN1#106bis-e meeting, the following agreements were made for Rel-17 port selection codebook enhancement in FR1 FDD [2]:
	Agreement
1. For Rel-17 PS codebook for rank 3 and 4, support layer-common port selection.
2. For Rel-17 PS codebook rank 3-4, support layer-specific non-zero coefficient selection (bitmap) of W2
3. 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.
4. 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.
5. 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
6. 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
7. For UCI part II of Rel-17 PS codebook, study the following alternatives and down-select one or more alternatives in RAN1 107
· 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 
8. 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.
9. 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 
10. 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
11. 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
12. 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.
13. 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 signalling is FFS, e.g. similar with Rel-16 eType II codebook
Conclusion: For Rel-17 PS codebook, CBSR to restrict port and corresponding amplitude is not needed



We provide our views on some remaining design issues of the Rel-17 port selection (PS) codebook.
3.1. On codebook parameter combinations
In the last meeting, it was agreed to support 8 parameter combinations for Rel-17 PS codebook. These parameter combinations provide a range of UPT vs feedback OH varying from low to high. In the following table, we provide the feedback overheads for Rel-16 eType II codebook and Rel-17 PS codebook considering 32 port CSI-RS, 20 MHz bandwidth with subband size 8, and RI 1-2.


	Rel-16 eType II
	PS Rel-17 FeType II PS

	
	OH
	
	OH

	
	115
	
	516

	
	171
	
	404

	
	209
	
	292

	
	321
	
	231

	
	433
	
	806

	
	541
	
	582

	
	469
	
	449

	
	637
	
	306


Table 1: Feedback overhead of Rel-16 and Rel-17 codebooks for 32 CSI-RS ports

From the above table, it is seen that for Rel-17 codebook, parameter combinations (2,1,3/4) and (2,1,1/2) have a large feedback overhead compared to the first 6 parameter combinations of Rel-16. With the intention of Rel-17 CSI enhancement being to reduce feedback overhead by exploiting channel reciprocity, such large overhead defeats the purpose of the new codebook.
Observation 1: For 32 CSI-RS ports, the parameter combinations  and  of the Rel-17 codebook incur a very large feedback overhead compared to Rel-16 eType II.
Further, the UE complexity of computing the precoder depends on . For 32 ports, the combinations  and  mean that the UE needs to compute the precoder of dimension 64. This increases the UE complexity significantly. Based on the above arguments, we propose that the above two parameter combinations are limited to 16 CSI-RS ports.
Proposal 6: Parameter combinations  and  are not applied for CSI-RS ports .
Parameter combinations with port selection coefficient  causes  and  for 4 port and 12 port CSI-RS, respectively. This makes it impossible to select  ports for each polarization. To accommodate these parameter combinations for 4 and 12 CSI-RS ports, the port selection matrix may be slightly modified to select  ports out of  ports for each polarization. 
Proposal 7: To accommodate parameter combinations with  for 4 and 12 CSI-RS ports, the port selection matrix may be slightly modified to select  ports out of  ports for each polarization. 
3.2. On UCI design
For Rel-17 codebook, it is agreed to report both the row and column index of the SCI using  bits unlike the SCI of Rel-16 codebook which is reported only using the row index. The mechanism which enables such reporting in Rel-16 codebook is the shifting/remapping operation for the linear combination coefficient matrix  and the FD basis matrix . This mechanism has the dual benefits of saving overhead of  bits and also being robust to UCI omission of FD indicator, since the gNB may use the SCI along with FD basis 0 to reconstruct a coarse precoder. However, the UE incurs an additional complexity of performing the remapping operations. For the Rel-17 codebook, the overhead saving of  bit is negligible and so the SCI reporting using  bits is agreed. However, the problem of accounting for UCI omission still persists. To account for this, we propose that the FD indicator of  bits be made part of UCI Group 0. In conjunction with the SCI report of  bits and port selection indicator in Group 0, this will enable the gNB to reconstruct a reasonable precoder in case of UCI omission. In our opinion, since CSI-RS is SD-FD precoded in Rel-17 PS codebook, it makes sense to include both SD and FD indicators in Group 0. This is in line with the design of Rel-16 regular and PS codebooks wherein CSI-RS is not precoded or SD precoded, respectively, and therefore SD indicators are placed in Group 0.
Observation 2: The port selection indicator, SCI, and FD indicator in Group 0 will together help reconstruct a reasonable precoder in case of UCI omission.
Proposal 8: For the Rel-17 PS codebook, port selection indicator of  bits, SCI of  bits, and FD indicator of  bits should be made part of UCI Group 0.
Proposal 9: For the Rel-17 codebook, Group 1 and Group 2 CSI feedback coefficients may be kept the same as Rel-16 eType II with the exception that FD indicator is placed in Group 0.
The final issue we discuss is regarding the priority rule for mapping the feedback coefficients. Rel-16 rule (Alt 2) gives a lower priority to the frequency domain indices and a higher priority to the layer indices such that a multilayer wideband precoder can be reconstructed in case of UCI omission. However, such ordering of coefficients introduces unnecessary UE complexity that all layer coefficients need to be known before UCI packing. Since the computation of the  linear combination coefficients happens in a layer independent manner, it is desired that UCI ordering rule follow the same design (Alt 1). Such a rule gives more priority to subband precoders with lower layers. Also, from a performance point of view, having lower layer precoders with subband granularity gives more opportunity for MU-MIMO and frequency domain scheduling. Based on the above discussion, we prefer Alt 1 for the priority rule mapping.
Proposal 10: For priority rule, support Alt 1, i.e., 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  .
In the last meeting, some companies also raise concern that since the port selection coefficient  may be up to 1, when the number of CSI-RS port is high, it may lead to dropping of second polarization coefficients when UCI omission occurs. To overcome this, a simple grouping of port indices from the two polarizations may be considered such that the priority for port indices within the group is the same. Such grouping reduces the number of priority values, which is useful from an implementation point of view as well.
For example, considering  port indices , a grouping could be defined as  for ,  for ,  for  and  for .
Proposal 11: To prevent dropping of second polarization port indices, a simple grouping of port indices across polarizations may be defined such that the priority for port indices within the group is the same. Such a rule is to be applied to Alt 1.


4. Conclusion
In summary, based on the above discussion we have the following observations and proposals:
Observation 1: For 32 CSI-RS ports, the parameter combinations  and  of the Rel-17 codebook incur a very large feedback overhead compared to Rel-16 eType II.
Observation 2: The port selection indicator, SCI, and FD indicator in Group 0 will together help reconstruct a reasonable precoder in case of UCI omission.
Proposal 1: For CSI measurement associated with a CSI-ReportingConfig for NCJT, the UE expects that the two CSI-RS resources for channel measurement in a Resource Pair and any DL signal in a time interval between the two CSI-RS resources are resource-wise QCLed with respect to 'typeD'.
Proposal 2: For Option 1 with X = 1, 2, each CSI measurement hypothesis is mapped to a distinct CSI report.
Proposal 3: The CSI priority formula is updated as: Either
,
or 
,
where  for the NCJT measurement hypothesis,  for the first single-TRP measurement hypothesis, if reported, and  for the second single-TRP measurement hypothesis, if reported.  is the number of CSI reports in a CSI reporting setting. If UE is configured to report one single CSI report for a CSI reporting setting, then  and .

Proposal 4: For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, support 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.
Proposal 5:  For an NCJT measurement hypothesis, decide the normalization for its two precoders  and :
· Alt 1:  (no specification change)
· Alt 2: 
· Alt 3: The power of each column in  and  is normalized to .
·  is the Frobenius norm

Proposal 6: Parameter combinations  and  are not applied for CSI-RS ports .
Proposal 7: To accommodate parameter combinations with  for 4 and 12 CSI-RS ports, the port selection matrix may be slightly modified to select  ports out of  ports for each polarization.
Proposal 8: For the Rel-17 PS codebook, port selection indicator of  bits, SCI of  bits, and FD indicator of  bits should be made part of UCI Group 0.
Proposal 9: For the Rel-17 codebook, Group 1 and Group 2 CSI feedback coefficients may be kept the same as Rel-16 eType II with the exception that FD indicator is placed in Group 0
Proposal 10: For priority rule, support Alt 1, i.e., 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  
Proposal 11: To prevent dropping of second polarization port indices, a simple grouping of port indices across polarizations may be defined such that the priority for port indices within the group is the same. Such a rule is to be applied to Alt 1.
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