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Introduction
In RAN1#106 e-meeting, CSI enhancement for M-TRP transmission and FDD reciprocity in FR1 was discussed. The following agreements were made in the meeting: 
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 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 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. 

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, we will discuss the enhancement of CSI measurement and reporting for M-TRP and FDD reciprocity.  
Discussions
1.1. FR1 FDD reciprocity
The following subsections discuss the remaining issues for Rel-17 port selection codebook.
· UCI
One of remaining issue is the UCI group of part 2. Rel-17 UCI is same as Rel-16 except FD indicator/Minit/SCI, Rel-16 3 groups structure can be reused. Group 0 includes port indicator and SCI per layer. Since the FD and SD basis of strongest coefficients depends on SCI indicator and FD indicator when N > 2. The group of SCI/FD indicator in group 0 is reasonable, anyway the bit-width of FD indicator is only 2 bits.
 Proposal 1: For Rel-17 PS codebook, Group 0 includes port indicator, SCI and FD indicator
· Priority of coefficients
[image: ]
[bookmark: _GoBack]The power on each antenna port is shown in figure 1 assuming eigen-beamforming and gNB assign beam for CSI-RS port in descending order. It seen 1) the power of two polarization are almost equal.  2) for each polarization, power on each port may be descending. Polarization-shuffled coefficients ordering is reasonable in our view . For example, the priority of port pair (x,x+L) are same. In principle, we think the permutation of SD can be, such as   , where N is a constant group size , e.g, 1,2,4 etc. However, the perm function may looks a bit complicated. For simplicity, we prefer to  , i.e., [0, 2, 4, 2L-2, …,1, 3, 5 …2L-1] . 
Proposal 2: Support SD permutation for Rel-17 PS codebook
1.2. CSI enhancement for M-TRP
For NC-JT measurement, two CPUs will be assigned to each measurement hypothesis. However, the calculation complexity of CSI for NC-JT is not simply doubled for NC-JT. The RI/PMI/CQI for TRPs are jointly calculated, and compared to independent calculation, inter-TRP interference needs to be further considered. With current CSI computation delay requirement, UE cannot apply an optimal CSI measurement algorithm. To ensure the CSI accuracy for NC-JT, it is proposed to relax the value of Z and Z’ for NC-JT. 
Proposal 3: For CSI computation delay requirement associated with a CSI-ReportingConfig for a NCJT measurement hypothesis, consider to introduce relaxed values on Z and Z’.
For option 1 with X=1,2, more than one CSIs will be reported by UE based on one CSI report configuration. There can be two ways to report multiple CSIs associated with the same report configuration and different measurement hypotheses.
· Method 1: The multiple CSIs are treated as multiple CSI reports as in Rel-15/16. The UCI payload generation for S-TRP can be reused, while a new payload generation can be defined for NC-JT. A CSI priority should be defined between S-TRP and NC-JT measurement, e.g. the CSI priority formula can be updated to reflect different measurement hypotheses. Accordingly, the PUCCH resource determination, CSI omission for part 2 CSI and CSI dropping due to CPU occupation, which are based on the CSI priority formula, need to be updated. In this case, one CSI associated with a measurement hypothesis for a CSI report configuration may be dropped while the other CSI for another hypothesis can be reported. 
· Method 2: The multiple CSIs are treated as one CSI reports as in Rel-15/16. In this case, the CSI priority formula can reuse that of Rel-15/16. The PUCCH resource determination, CSI omission for part 2 CSI and CSI dropping due to CPU occupation, which are based on the CSI priority formula, can also reuse that of Rel-15/16. The only specification effort is to specify the UCI payload generation for the X+1 CSIs within a CSI report. A mapping order should be defined for CSI associated with different CSI hypotheses.
Between the two methods, the specification impact of Method 1 is significantly larger than Method 2. For Method 2, the X+1 CSIs will be dropped/not updated as a whole due to CPU overload or UCI omission, while CSI for part of CSI hypotheses can still be reported for Method 1. However, since the priority is pre-defined, the reported CSI may not be better than the dropped CSI for Method 1. Then Method 1 is not expected to provide additional gain over Method 2. In this case, Method 2 and Alt 4 is preferred to minimize the specification effort. 
Proposal 4: For CSI priority within a CSI report configuration for Option 1
· The X+1 CSI hypotheses per CSI Reporting Setting are mapped to a single CSI report 
· The CSI priority formula is not changed.
· The PUCCH resource determination, CSI omission for part 2 CSI and CSI dropping due to CPU occupation, which are based on the CSI priority formula, reuses that of Rel-15/16
· Support Alt4: 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.
Conclusion
In this contribution, we presented our view on CSI measurement and reporting. The following observations and proposals are provided:
Proposal 1: For Rel-17 PS codebook, Group 0 includes port indicator, SCI and FD indicator
Proposal 2: Support SD permutation for Rel-17 PS codebook
Proposal 3: For CSI computation delay requirement associated with a CSI-ReportingConfig for a NCJT measurement hypothesis, consider to introduce relaxed values on Z and Z’.
Proposal 4: For CSI priority within a CSI report configuration for Option 1
· The X+1 CSI hypotheses per CSI Reporting Setting are mapped to a single CSI report 
· The CSI priority formula is not changed.
· The PUCCH resource determination, CSI omission for part 2 CSI and CSI dropping due to CPU occupation, which are based on the CSI priority formula, reuses that of Rel-15/16
· Support Alt4: 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  
Reference
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