
3GPP TSG RAN WG1 Meeting #107-e                                       	                                             R1-2111227
e-Meeting, November 11th – 19th, 2021

Source:	CATT
[bookmark: Title]Title:	Remaining issues on CSI enhancement
[bookmark: Source]Agenda Item:	8.1.4
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction
In RAN1#106bis-e meeting, the following agreements on CSI enhancements for FDD with partial reciprocity and Multi-TRP/Panel transmission were achieved [1].
	On FDD CSI

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
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. 
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 signalling is FFS, e.g. similar with Rel-16 eType II codebook. 

On M-TRP CSI
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 


In this contribution, remaining issues on CSI enhancements are discussed.
Enhancement on port selection codebook
In this section, for Rel-17 port selection (PS) codebook, the remaining issues on parameter combinations, the value of N when N3=3, the grouping of UCI Part 2 and the priority of coefficients for CSI omission are discussed. 
Parameter combinations
According to the agreements on CSI enhancement for Rel-17 PS codebook in [1], eight parameter combinations are identified and given in Table 1.
Table 1: Parameter combination for Rel-17 PS codebook
	The index of Row
	M
	
	

	1
	1
	1
	1

	2
	1
	1
	3/4

	3
	1
	1
	1/2

	4
	1
	3/4
	1/2

	5
	2
	1
	3/4

	6
	2
	1
	1/2

	7
	2
	3/4
	1/2

	8
	2
	1/2
	1/2


Assume the number of CSI-RS ports P is configured as 32, and N = M = 2. The overhead of parameter combinations Row 5 and Row 6 for rank = 1 and 2 is respectively calculated and given in Table 2. 
Table 2: The overhead comparisons of parameter combinations for Rel-16 Type II PS codebook and Rel-17 PS codebook
	The value of rank
	Parameter combination-6 for Rel-16 PS codebook (bits)
	Parameter combination Row 5 for Rel-17 PS codebook (bits)
	Parameter combination Row 6 for Rel-17 PS codebook (bits)

	1
	276
	403
	291

	2
	526
	813
	589  


As a comparison, the overhead of the six-th parameter combination for Rel-16 Type II PS codebook which is denoted by Parameter combination-6  is also given, and the number of PMI subbands N3 is set to 13. Note that the overhead of Parameter combination-6 is the maximal among six parameter combinations for rank = 1 or 2. We can observe that the overhead of Row 6 for Rel-17 PS codebook is comparable to that of Parameter combination-6. However, the overhead of Row 5 for Rel-17 PS codebook is significantly larger than that of Parameter combination-6.  In [2], our simulation results show that the performance gain of parameter combination Row 5 is no more than 2% over that of Row 6 for Rel-17 PS codebook when P = 32 and rank = 1 or 2. But Row 5 consumes more than 200 bits over Row 6 for rank = 2.  Hence, the Row 5 should not be applicable for P = 32.
Observation-1: When P = 32, the performance gain of the parameter combination, and  is no more than 2% over the parameter combination , and  , but the overhead of former is significantly larger. 
The following agreement has been achieved in RAN1#105-e meeting [3].
	Agreement
At least for rank 1, candidate values of K1 for port selection matrix W1 in NP*K1 are {2, 4, 8, 12, 16, 24, 32}. 
· Note: for polarization-common based free-selection, it means to select the same L=K1/2 ports out of P/2 ports for both polarizations


However, according to current parameter combination configurations, the value of K1 may be not in {2, 4, 8, 12, 16, 24, 32} when   or 3/4. For example, when P = 12,,  is not a candidate value.  Since  has been introduced to control the number of selected port, it is not necessary to restrict the value of K1. Hence, the restriction on candidate values of K1 should be relaxed.
It has been agreed that port selection is polarization-common based free-selection which means to select the same  ports out of   ports for both polarizations. Therefore,  should be an even integer. Since  may be set to 3/4, it does not guaranty that is always an even integer. For example, when P = 4 or 12 and ,  = 3 or 9. For such cases, it is impossible to select the same ports for both polarizations. In order to address this issue, one solution is that  is not applied to P = 4 or 12. The other way is that  is upper round to an even integer, i.e., . This does not introduce restriction on the number of CSI-RS ports for . Hence, it is a simply and general way. According to above observation and discussions, we have the following proposal.
Proposal-1: 
· The parameter combination, and  should be not applicable to P = 32.
· The same  ports out of P/2 ports for both polarizations are selected.
The value of N when N3=3
According to the agreement on Rel-17 PS codebook in [1], N = 2 or 4 is supported when M = 2. One remaining issue how to configure the value of N when N3 = 3. The following options can be considered to solve the issue when N3 = 3.
· Option1: Only N = 2 is configured.
· Option2: N = 2 or 4 can be configured. The last FD basis in the window is not used by UE for N=4.  
Compared with Option1, Option2 can allow UE selects FD basis freely from the three candidate FD bases when N = 4. Therefore, Option2 is preferred.   
Proposal-2: When N3 = 3, N = 2 or 4 can be configured, and the last FD basis in the window is not used by UE for N=4.
The grouping of UCI Part 2 for CSI omission
For Rel-16 Type II PS codebook, a CSI report comprise of two parts, i.e., Part 1 and Part 2. Part 1 contains RI, CQI, and an indication of the overall number of NZC across layers. Part 2 contains the indication of port selection, the indication of the strongest coefficients, the indication of the selected FD basis, the starting point of the FD basis window for, the reference amplitude, the indication of non-zero coefficients (NZC), amplitude and phase of NZC. The codebook structure of Rel-17 ports selection codebook is  which is same to that of Rel-16 Type II PS codebook. The coefficient quantization and indication of NZC of Rel-17 PS codebook are same to that of Rel-16 Type II PS codebook. Except the starting position of the FD basis window for, the other reported contents are same for both codebook types. Hence, the CSI reporting design of Rel-17 Type II PS codebook should comprise of two parts as well, and the contents of Part 1 and Part 2 are given in Table 3.
Table 3: Part 1 and Part 2 for CSI reporting of Rel-17 PS codebook
	Two parts of CSI reporting
	The content of each part

	Part 1
	RI
	CQI
	The overall number of NZC across layers

	Part 2
	The indication of port selection
	The indication of the strongest coefficients
	The indication of the selected FD basis
	The reference amplitude
	The indication of NZC
	The amplitude of NZC
	The phase of NZC


In this table, the contents of Part 1 for Rel-17 PS codebook are same with that of Part 1 for Rel-16 Type II PS codebook. In order to clarify the contents of Part 1 for Rel-17 PS codebook, we give the following proposal.
Proposal-3: The contents of Part 1 for Rel-17 PS codebook are same with that of Part 1 for Rel-16 Type II PS codebook.
In current specification, it is supported that CSI omission occurs when the allocated uplink resource for UCI is not sufficient for full CSI reporting. During discussion on CSI omission on Rel-16 Type II PS codebook, the contents of Part 2 are divided into three groups where Group n is of a higher priority than Group (n+1), n=0, 1. The lower priority is firstly omitted. 
For Rel-17 PS codebook, three alternatives are provided to divide Part 2 in the agreement of last meeting [1]. Considering the similar contents of Part 2 for Rel-17 PS codebook and Rel-16 Type II PS codebook, Alt 3 suggests to reuse three groups of UCI Part 2 of Rel-16 Type II PS codebook for Rel-17 PS codebook except that the starting position of the FD basis window is not needed. For Rel-16 Type II PS codebook, the strongest coefficient always corresponds to the first FD basis due to the FD basis indices remapping. Therefore, gNB can still calculate meaningful PMI even if the other selected FD bases are not omitted.  However, for Rel-17 PS codebook, the strongest coefficient may correspond to the higher FD index when M = 2. If the higher FD index is omitted, gNB cannot calculate the PMI according to  due to FD basis missing. Therefore, the indication of strongest coefficient and the indication of selected FD basis should be put into the same group of UCI Part 2 and reported together. Alt2 requires reporting bitmap in a group without bitmap partition. In our view, the reported bitmap is useless if all NZCs are dropped. Hence, both bitmap and NZCs should be located the same group, which results in the fact that the overhead of this group is too large. CSI omission cannot be effectively implemented.  
Proposal-4: Alt 1, i.e., report port indicator, SCI, and FD indicator in Group 0, is support for UCI part II design, and the other contents of Part 2 is same to Rel-16 Type II port selection codebook except that starting position of the FD basis window is not needed.
The priority of coefficients for CSI omission
For Rel-16 Type II PS codebook, priority value  is defined to distinguish which NZC or indication of NZC has higher priority. For Rel-17 PS codebook, three alternatives for the priority of mapping coefficients were given in the agreement of last meeting [1]. Alt 1 can save the coefficients of one layer as many as possible once CSI omission occurs. The result is that all the coefficients of other layers may be totally dropped. Alt 2 can save the coefficients of all layers as many as possible. Since the number of selected ports is quite large, e.g., K1 = 32, all coefficients of one polarization for all layers may be totally dropped, leading to significant performance loss. In order to address this issue, Alt 3 introduces port permutation function, such that there are NZCs in both polarizations when CSI omission occurs. The port permutation function  is FFS. In our view, port permutation function can be simply defined as follows:

where , mod (A, B)  denote modulus operation. 
In addition to the above three alternatives, the following alternative should also be considered.
· Alt 4: Support mapping coefficients firstly across port indices, secondly across layers, and thirdly across FD basis indices, i.e., the priority value is given by , where ,  and .
When M = 1, Alt 4 is same with Alt 1 for the priority of mapping coefficients. However, when M = 2, Alt 4 is different from Alt 1. If CSI omission occurs, Alt 4 may still report the NZCs of all layers, while Alt 1 may only report the NZCs of partial layers 
Proposal-5: The following two alternatives can be considered for the priority of mapping coefficients:
· 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 , where  ,  and .
· Alt 4: Support mapping coefficients firstly across port indices, secondly across layers, and thirdly across FD basis indices, i.e., the priority value is given by , where ,  and .
1. CSI enhancement for Multi-TRP/panel Transmission
[bookmark: _GoBack]In this section, the remaining issues on CSI enhancement for multi-TRP/panel transmission are discussed.
1.1 
2.1 
CSI enhancement of S-DCI for NCJT
Non-PMI based feedback for m-TRP 
Due to the advantage in accurate CSI acquisition and better performance, non-PMI based feedback has already been adopted since Rel-15 for the scenarios with channel reciprocity. To enhance the CSI feedback for M-TRP in Rel-17, it’s natural to extend non-PMI based feedback mechanism to the case with more than one TRP. At least for TDD system, the system can benefit from accurate CSI feedback and lower feedback overhead. Meanwhile, the complexity with precoder selection at UE side can be avoided. 
Proposal-6: For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT measurement hypothesis, non-PMI based feedback should be supported in Rel-17.
CSI-RS port indication and CSI reporting for non-PMI based feedback
Based current specs, each CSI-RS port is associated with a potential layer for non-PMI based feedback. In order to reduce overhead of reporting the set of CSI-RS ports, gNB can indicate a set of CSI-RS ports for each value of RI if the UE is configured with higher layer parameter non-PMI-PortIndication. Then, the assumed set of CSI-RS ports in CSI calculation is reflected by the reported RI; if the UE is not configured with higher layer parameter non-PMI-PortIndication, the default association of CSI-RS port index and rank is pre-defined in the current specs.
For NCJT transmission scheme,   layers are transmitted form TRP 1 and  layers are transmitted form TRP 2 in SDM scheme. According to current agreement on NCJT measurement hypothesis, up to 4 layers are considered in CSI enhancement for NCJT. Furthermore, only four combinations of RI are supported. Therefore to associate CSI-RS ports and RI in non-PMI based CSI reporting, the following two cases should be considered.
· Case 1: when the UE is configured with higher layer parameter non-PMI-PortIndication, one of the following alternatives is needed.
· 


Alt 1: a sequenceof port indices are configured for each CMR used for NCJT measurement, where and  are the sets of CSI-RS port indices associated with rank=1 and 2 respectively. For each CMR in the selected CMR pair, UE reports a RI. Therefore, for NCJT hypothesis, one CRI, two RIs and one CQI are reported.  In such case, up to 2 bits are needed for reporting of two RIs.
· 

Alt 2: a sequenceof port indices are configured for each CMR pair used for NCJT measurement, where  are the sets of CSI-RS port indices associated with the total rank.  
· 

For total rank=2 (i.e., v1=1, v2=1), and are port indices from resource 1 and 2 respectively. 
· 

For total rank=3 while v1=2 and v2=1, and  are sets of port indices from resource 1 and 2 respectively.
· 

For total rank=3 while v1=1 and v2=2,  and  are sets of port indices from resource 1 and 2 respectively.
· 

For total rank=4 (i.e., v1=2, v2=2), and  are sets of port indices from resource 1 and 2 respectively.
· For each CMR pair, UE reports a RI wherein the set of CSI-RS port indices combined from the pair of CMRs is indicated. Therefore, for NCJT hypothesis, similar to legacy report quantities of non-PMI feedback, one CRI, one RI and one CQI are reported. In this case, up to two bits are needed for RI reporting.
· Case 2: when the UE is not configured with higher layer parameter non-PMI-PortIndication, one of the following alternatives is needed.
· Alt 1: The CSI-RS port indices  of the first CMR and the CSI-RS port indices  of the second CMR are associated with the rank combination  reported for the first and second CMRs respectively.
· Alt 2: The CSI-RS port indices of the CMR pair are associated with the total rank. 
· For total rank=2 (i.e., =1, =1),  and  are ports indices from resource 1 and 2 respectively. 
· For total rank=3 while =2, =1, and  are sets of ports indices from resource 1 and 2 respectively.
· For total rank=3 while =1, =2, and   are sets of ports indices from resource 1 and 2 respectively.
· For total rank=4 (i.e., =2, =2),  and   are sets of ports indices from resource 1 and 2 respectively.
· For each CMR pair, UE reports a RI wherein the set of CSI-RS port indices combined from the pair of CMRs is indicated. Therefore, for NCJT hypothesis, similar to legacy report quantities of non-PMI feedback, one CRI, one RI and one CQI are reported. In this case, up to two bits are needed for RI reporting.
Through the summary of the above two cases, it can be seen that the CSI reporting overhead of both Alt 1 and Alt 2 is up to 2 bits regardless of whether the UE is configured with higher layer parameter non-PMI-PortIndication. Besides, Alt 2 is more aligned with legacy report quantities of non-PMI feedback, i.e. one CRI, one RI and one CQI are reported for each CMR pair. Hence, Alt 2 is slightly preferred.
Proposal-7: For non-PMI based feedback, when the UE is configured with higher layer parameter non-PMI-PortIndication, one of the following alternatives is needed.
· 


Alt 1: a sequenceof port indices are configured for each CMR used for NCJT measurement, where and  are the sets of CSI-RS port indices associated with rank=1 and 2 respectively. For each CMR in the selected CMR pair, UE reports a RI. Therefore, for NCJT hypothesis, one CRI, two RIs and one CQI are reported.  In such case, up to 2 bits are needed for reporting of two RIs.
· 

Alt 2: a sequenceof port indices are configured for each CMR pair used for NCJT measurement, where  are the sets of CSI-RS port indices associated with the total rank.  
· 

For total rank=2 (i.e., v1=1, v2=1), and are port indices from resource 1 and 2 respectively. 
· 

For total rank=3 while v1=2 and v2=1, and  are sets of port indices from resource 1 and 2 respectively.
· 

For total rank=3 while v1=1 and v2=2,  and  are sets of port indices from resource 1 and 2 respectively.
· 

For total rank=4 (i.e., v1=2, v2=2), and  are sets of port indices from resource 1 and 2 respectively.
· For each CMR pair, UE reports a RI wherein the set of CSI-RS port indices combined from the pair of CMRs is indicated. Therefore, for NCJT hypothesis, similar to legacy report quantities of non-PMI feedback, one CRI, one RI and one CQI are reported. In this case, up to two bits are needed for RI reporting.
Proposal-8: For non-PMI based feedback, when the UE is not configured with higher layer parameter non-PMI-PortIndication, one of the following alternatives is needed.
· Alt 1: The CSI-RS port indices  of the first CMR and the CSI-RS port indices  of the second CMR are associated with the rank combination  reported for the first and second CMRs respectively.
· Alt 2: The CSI-RS port indices of the CMR pair are associated with the total rank. 
· For total rank=2 (i.e., =1, =1),  and  are ports indices from resource 1 and 2 respectively. 
· For total rank=3 while =2, =1, and  are sets of ports indices from resource 1 and 2 respectively.
· For total rank=3 while =1, =2, and   are sets of ports indices from resource 1 and 2 respectively.
· For total rank=4 (i.e., =2, =2),  and   are sets of ports indices from resource 1 and 2 respectively.
· For each CMR pair, UE reports a RI wherein the set of CSI-RS port indices combined from the pair of CMRs is indicated. Therefore, for NCJT hypothesis, similar to legacy report quantities of non-PMI feedback, one CRI, one RI and one CQI are reported. In this case, up to two bits are needed for RI reporting.
Reference resource for non-PMI based feedback
In this case, as discussion in section 3.1.1, each CSI-RS port is associated with a potential layer in non-PMI based feedback. Depending on whether higher layer parameter non-PMI-PortIndication is configured or not, the following mapping rules can be assumed by the UE for CQI calculation. 
· Case 1: When the UE is configured with higher layer parameter non-PMI-PortIndication, as shown below,   and are the sets of layers transmitted from TRP 1 and TRP 2 respectively while   and  are the sets of CSI-RS ports from the two paired CMRs respectively.  Meanwhile is the identity matrix scaled by   , whereis rank of TRP i.
 = 
 = 
· Case 2: When the UE is not configured with higher layer parameter non-PMI-PortIndication, similar to case 1,   and are the sets of layers transmitted from TRP1 and TRP2 respectively while    and  are the sets of CSI-RS ports from the two paired CMRs respectively. Meanwhile is the identity matrix scaled by   , whereis rank of TRP i.
 = 
 = 
Proposal-9: For non-PMI based feedback, CSI reference resource definition the assumption of mapping between layers and CSI-RS ports should be specified and the rules elaborated in section 3.1.1 can be considered. 
Codebook subset restriction for NC-JT
According to the agreement in #106bis-e meeting, CBSR is supported and can be applied for both single-TRP and multi-TRP measurement hypotheses for a CSI report associated with a NCJT measurement hypothesis configured by single CSI reporting setting. Furthermore, CBSR configuration for NCJT should be discussed.
· 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.
· Alt 3: Two CBSRs can be configured per CodebookConfig, whereas one CBSR is applied to all Single-TRP measurement hypotheses, and another one is applied to all NCJT measurement hypotheses.
In our opinion, the channel conditions for the UE-TRP links can be different for two TRPs, so Alt 2 is more accurate for M-TRP measurement hypotheses and CBSR should be configured per TRP. Besides, the same CBSR for a TRP can be applied to both STRP CSI and NCJT CSI in Alt 2.
Proposal-10: For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, 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.
CSI priority among multiple CSI measurement hypotheses
For the order of UCI payload construction for reported CSIs, the following alternatives are agreed in the #106-e 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
Based on current agreement, for CSI reporting option 1, each CSI reporting setting includes multiple measurement hypotheses, and UE can report X CSIs for single-TRP measurement hypotheses and one CSI for multi-TRP/panel NCJT measurement hypothesis in single CSI reporting setting. Therefore, before discussing this issue, one question needs to be discussed is whether to map one measurement hypothesis to a CSI report, or map multiple measurement hypotheses to one CSI report. 
If one CSI reporting setting contains multiple CSI reports and each CSI report corresponding to a hypothesis, the simpler solution is modifying priority equation, i.e., Section 5.2.5 in 38.214 which can minimize specification impact. However, if one CSI reporting setting corresponds to one CSI report that contains all measurement results of all hypotheses, one CSI report would include 4 PMI, 4 RI, 4 LI, 3 CQI, modifying mapping order of CSI fields of one CSI report (i.e., Alt 4) is unavoidable which leads to significant impact on Table 6.3.2.1.2-3/4/5 in TS38.212. Hence, our understanding for M-TRP CSI enhancement is that one CSI reporting setting contains multiple CSI reports and each CSI report corresponding to a hypothesis. Besides, Alt 1 is more preferred for less specification impact at such late stage in Rel-17.
Proposal-11: For reporting CSI of X multi-TRP/panel NCJT and one single-TRP measurement hypotheses configured by single CSI reporting setting (i.e. option 1), one CSI reporting setting contains multiple CSI reports and each CSI report corresponding to a hypothesis. Besides, modifying priority equation, i.e., Section 5.2.5 in 38.214 is preferred.
CSI enhancement of M-DCI for NC-JT
CSI measurement of M-DCI for NCJT 
In the #103e meeting, the following two options were listed as working assumption for CSI measurement of M-DCI based NCJT.
· Option 1 (Explicit): CMRs corresponding to different TRPs can be associated with different reporting settings respectively, with the same configurations between two settings except for PUCCH/PUSCH resources and CMR/IMR resources setting(s)
· Option 2 (Implicit): a single CSI reporting setting associated with each TRP where a NZP CSI-RS is configured for interference measurement from another TRP
It seems that based on current spec, inter-TRP interference measurement can already be realized with option 2. However, it’s also noted that in current spec, NZP CSI-RS based interference can only be configured for aperiodic CSI reporting. Furthermore, in previous meeting, it’s agreed that only ‘periodic’ and ‘semiPersistentOnPUCCH’ cases are supported for the above two options. Therefore, if option 2 is to be adopted, NZP CSI-RS based interference measurement has to be supported even in ‘periodic’ and ‘semiPersistentOnPUCCH’ cases.  
If option 1 is to be adopted, the configuration/indication of CMR association needs to be specified in spec. Similar to single report setting case, inter-TRP interference can be reflected in CSI calculation by assuming NCJT transmission over the channels measured from the associated CMRs. Considering the impacts of the two options on spec, option 1 is slightly preferred.
Proposal-12: Considering the impacts of the two options on spec, option 1 is slightly preferred.
· Option 1 (Explicit): CMRs corresponding to different TRPs can be associated with different reporting settings respectively, with the same configurations between two settings except for PUCCH/PUSCH resources and CMR/IMR resources setting(s).
CSI reporting of M-DCI based NCJT
For M-DCI based NCJT, the following two alternatives can be considered for CSI reporting.
· Alt 1: two independent reports, for different TRPs respectively
· Alt 2: one set of report quantities for NCJT can be reported to any of the two TRPs
If the backhaul is not ideal, supporting two independent reports, i.e. Alt-1, is a reasonable choice. However, if ideal backhaul can be assumed, similar to joint feedback of ACK/NACK via PUCCH for M-DCI based NCJT, joint feedback of CSI, i.e. Alt-2, can be considered as well. If Alt-2 can be adopted, the CSI feedback overhead can be reduced. Meanwhile, as there is only one resource needs to be occupied with Alt-2, rather than two resources towards different TRPs, the system may benefit from higher flexibility in PUCCH resource allocation. 
Furthermore, the combination of Alt-1 and 2 can be considered as well. In such case, separate reports can be used if the resources for CSI reporting towards different TRPs are different. If resources for CSI reporting towards different TRPs are overlapped, joint CSI reporting can be used.
Proposal-13: Further discuss the following alternatives for CSI reporting of M-DCI based NCJT.
· Alt 1(separate feedback): Two independent reports, for different TRPs respectively
· Alt 2(joint feedback): One set of report quantities can be reported to any of the two TRPs
· Alt 3: Separate reports (i.e., Alt 1) can be used if the resources for CSI reporting towards different TRPs are different. If resources for CSI reporting towards different TRPs are overlapped, joint CSI reporting (i.e., Alt 2) can be used.
Conclusions
In this contribution we discussed the remaining issues of enhanced Type II port selection codebook and CSI enhancement for multi-TRP/panel. Our observations or proposals are summarized below.
Observations: 
Observation-1: When P = 32, the performance gain of the parameter combination, and  is no more than 2% over the parameter combination , and  , but the overhead of former is significantly larger. 
Proposals on port selection codebook:
Proposal-1: 
· The parameter combination, and  should be not applicable to P = 32.
· The same  ports out of P/2 ports for both polarizations are selected.
Proposal-2: When N3 = 3, N = 2 or 4 can be configured, and the last FD basis in the window is not used by UE for N=4.
Proposal-3: The contents of Part 1 for Rel-17 PS codebook are same with that of Part 1 for Rel-16 Type II PS codebook.
Proposal-4: Alt 1, i.e., report port indicator, SCI, and FD indicator in Group 0, is support for UCI part II design, and the other contents of Part 2 is same to Rel-16 Type II port selection codebook except that starting position of the FD basis window is not needed.
Proposal-5: The following two alternatives can be considered for the priority of mapping coefficients:
· 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 , where  ,  and .
· Alt 4: Support mapping coefficients firstly across port indices, secondly across layers, and thirdly across FD basis indices, i.e., the priority value is given by , where ,  and .
Proposals on multi-TRP/panel:
Proposal-6: For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT measurement hypothesis, non-PMI based feedback should be supported in Rel-17.
Proposal-7: For non-PMI based feedback, when the UE is configured with higher layer parameter non-PMI-PortIndication, one of the following alternatives is needed.
· 


Alt 1: a sequenceof port indices are configured for each CMR used for NCJT measurement, where and  are the sets of CSI-RS port indices associated with rank=1 and 2 respectively. For each CMR in the selected CMR pair, UE reports a RI. Therefore, for NCJT hypothesis, one CRI, two RIs and one CQI are reported.  In such case, up to 2 bits are needed for reporting of two RIs.
· 

Alt 2: a sequenceof port indices are configured for each CMR pair used for NCJT measurement, where  are the sets of CSI-RS port indices associated with total rank.  
· 

For total rank=2 (i.e., v1=1, v2=1), and are port indices from resource 1 and 2 respectively. 
· 

For total rank=3 while v1=2 and v2=1, and  are sets of port indices from resource 1 and 2 respectively.
· 

For total rank=3 while v1=1 and v2=2,  and  are sets of port indices from resource 1 and 2 respectively.
· 

For total rank=4 (i.e., v1=2, v2=2), and  are sets of port indices from resource 1 and 2 respectively.
· For each CMR pair, UE reports a RI wherein the set of CSI-RS port indices combined from the pair of CMRs is indicated. Therefore, for NCJT hypothesis, similar to legacy report quantities of non-PMI feedback, one CRI, one RI and one CQI are reported. In this case, up to two bits are needed for RI reporting.
Proposal-8: For non-PMI based feedback, when the UE is not configured with higher layer parameter non-PMI-PortIndication, one of the following alternatives is needed.
· Alt 1: The CSI-RS port indices  of the first CMR and the CSI-RS port indices  of the second CMR are associated with the rank combination  reported for the first and second CMRs respectively.
· Alt 2: The CSI-RS port indices of the CMR pair are associated with the total rank. 
· For total rank=2 (i.e., =1, =1),  and  are ports indices from resource 1 and 2 respectively. 
· For total rank=3 while =2, =1, and  are sets of ports indices from resource 1 and 2 respectively.
· For total rank=3 while =1, =2, and   are sets of ports indices from resource 1 and 2 respectively.
· For total rank=4 (i.e., =2, =2),  and   are sets of ports indices from resource 1 and 2 respectively.
· For each CMR pair, UE reports a RI wherein the set of CSI-RS port indices combined from the pair of CMRs is indicated. Therefore, for NCJT hypothesis, similar to legacy report quantities of non-PMI feedback, one CRI, one RI and one CQI are reported. In this case, up to two bits are needed for RI reporting.
Proposal-9: For non-PMI based feedback, CSI reference resource definition the assumption of mapping between layers and CSI-RS ports should be specified and the rules elaborated in section 3.1.1 can be considered. 
Proposal-10: For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, 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-11: For reporting CSI of X multi-TRP/panel NCJT and one single-TRP measurement hypotheses configured by single CSI reporting setting (i.e. option 1), one CSI reporting setting contains multiple CSI reports and each CSI report corresponding to a hypothesis. Besides, modifying priority equation, i.e., Section 5.2.5 in 38.214 is preferred.
Proposal-12: Considering the impacts of the two options on spec, option 1 is slightly preferred.
· Option 1 (Explicit): CMRs corresponding to different TRPs can be associated with different reporting settings respectively, with the same configurations between two settings except for PUCCH/PUSCH resources and CMR/IMR resources setting(s).
Proposal-13: Further discuss the following alternatives for CSI reporting of M-DCI based NCJT.
· Alt 1 (separate feedback): Two independent reports, for different TRPs respectively
· Alt 2 (joint feedback): One set of report quantities can be reported to any of the two TRPs
· Alt 3: Separate reports (i.e., Alt 1) can be used if the resources for CSI reporting towards different TRPs are different. If resources for CSI reporting towards different TRPs are overlapped, joint CSI reporting (i.e., Alt 2) can be used.
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