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Introduction
In [1], two work-item were scoped for Rel-17 further CSI enhancement:
4. 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.
For mTRP CSI, we discuss some remaining details related to NCJT CSI for single-DCI based multi-TRP schemes.
For FDD CSI, we remaining details in UCI.
Discussion on CSI enhancement for mTRP
[bookmark: o1]In this section, we discuss the remaining aspects for NCJT CSI with single reporting setting for single-DCI based mTRP NCJT.
The following were agreed in the previous meetings:
For future RAN1 meeting:
For a CSI report setting with Option 1 and X=1 or 2, study prioritizing CSI associated with reported CSI hypotheses within a CSI Reporting Setting
· FFS potential impact for UCI payload generation
· FFS whether/how to update CSI priority formula, and additional specification impact due to updated formula
· FFS whether/how to update CSI omission rules for Part 2 CSI based on prioritized CSI
· FFS: whether the X+1 CSI hypotheses per CSI Reporting Setting are mapped to a single CSI report or X+1 CSI reports
· Companies are encouraged to discuss and justify purposes of prioritizing CSI associated with reported CSI hypotheses. 

Agreement
To confirm the order of UCI payload construction for reported CSIs, study following Alternatives and down-select one or more Alternative(s) for required specification changes in RAN1 106bis:
· Alt 1: modify priority equation, i.e., Section 5.2.5 in 38.214.
· Alt 2: modify the table of priority reporting levels for Part 2 CSI, i.e., Table 5.2.3-1 in 38.214.
· Alt 4: modify mapping order of CSI fields of one CSI report, i.e., Table 6.3.2.1.2-3/4/5 in 38.212

We highlight some aspects below in light of the discussions in the previous meeting:
· It would be helpful to first make a decision for Option 1 with X=1 or 2. In other cases, a single CSI is reported and the issue under discussion does not exist (UCI payload order for the NCJT CSI alone irrespective of the number of sTRP CSIs X is a separate issue). 
· It should be noted that Alt2 is not a solution for UCI payload construction order, i.e., even if the table is modified, other changes are needed for UCI payload construction order. 
· Alt1 and Alt4 can both be used for this problem (UCI payload construction order) in principle, but Alt1 is unified approach since 
· a) It does not require to add separate tables (Table 6.3.2.1.2-3/4/5) for each of X=1 and X=2 in Option 1; This leads to large specification efforts and unnecessary discussions.
· b) Alt1 can also address the issues of CSI omission for CSI part 2 as well as CPU occupation in a consistent and unified way.
· Given the large payload for NCJT CSI in the case of Option 1 with X=1 or 2, UL resources may not be always enough to carry the payload. In such cases, CSI omission rule is an effective and simple way to transmit the CSI partially, and is consistent with the legacy behavior. Otherwise, 
· Similarly, for CPU occupation, given the large number of CPUs required in the case of X=1 or X=2 in Option 1, and the fact that UE anyway evaluated the group of CSI hypotheses separately, there is no additional complexity (and UE implementation effort is actually reduced) if different groups of hypotheses are treated similar to different CSI report configs from CPU occupation point of view. 

In addition, we would like to highlight that the claim from some of the companies that changing the priority formula has many impacts in other places is not very accurate, and we do not see a big issue. For example, 38.213 mentions that
-	if the UE is not provided multi-CSI-PUCCH-ResourceList or if PUCCH resources for transmissions of CSI reports do not overlap in the slot, the UE determines a first resource corresponding to a CSI report with the highest priority [6, TS 38.214]
-	if the first resource includes PUCCH format 2, and if there are remaining resources in the slot that do not overlap with the first resource, the UE determines a CSI report with the highest priority, among the CSI reports with corresponding resources from the remaining resources, and a corresponding second resource as an additional resource for CSI reporting 

Obviously, since the PUCCH resource is the same for all CSIs in Option 1 with X=1 or 2, the above rule is not impacted by the update in CSI priority formula. Note that this rule above is for selecting a resource (and not a CSI within the resource). Hence, we do not think there is any issue. 
As another example, it was mentioned that Alt1 may conflict with some of the existing specification text such as “A UE configured with DCI format 0_1 or 0_2 does not expect to be triggered with multiple CSI reports with the same CSI-ReportConfigId”, or there may be a need to change CPU occupation text in the spec. We think these are not real issues and are only a matter of terminology. As it was also pointed out by others, the following can be one way to avoid any confusion while obviously the choice of words is up to the editor:
Example 1: “A UE configured with DCI format 0_1 or 0_2 does not expect to be triggered with multiple CSI reports with the same CSI-ReportConfigId and the same hypothesis group index when applicable.”
Example 2: “For a CSI report associated with a hypothesis group index when applicable with CSI-ReportConfig with higher layer parameter reportQuantity not set to 'none', the CPU(s) are occupied for a number of OFDM symbols as follows: …”
Then, Alt1 can work as follows: , where  corresponds to single-TRP CSI and  corresponds to the NCJT CSI for X=1, or  corresponds to single-TRP CSI and  corresponds to the NCJT CSI for X=2.
Proposal 1: For a CSI report setting with Option 1 with X=1 or 2 and reportConfigID=s, CSI priority is , where  is the hypothesis group index within the CSI report setting with reportConfigID=s.
·  correspond to single-TRP hypothesis group(s) and NCJT CSI hypothesis group, respectively
· This ordering is for the purpose of UCI payload construction, CSI omission for CSI part 2, and CPU occupation priority.
The following was agreed before regarding UCI of a NCJT CSI:
Agreement 
A 2-part CSI report is supported in Rel-17 for a CSI reporting configuration associated with NCJT measurement hypothesis with following clarifications:
· Within CSI part 1
· CRI, RI, WB CQI and SB CQI for the first CW are reported with consistent payload and zero padding (if needed). FFS further details
· FFS whether RI can be shared between NCJT CSI and single-TRP CSIs to reduce CSI feedback overhead
· FFS whether additional field is needed, at least for Option 2
· Within CSI part 2:
· FFS further compression/omission/Sharing of PMI among Single-TRP and NCJT hypotheses

With respect to CSI part 2 of a NCJT CSI (in either Option 1 or Option 2), it should include two PMIs and two LIs. Furthermore, for the NCJT CSI in the subband part of CSI part 2, the order between even/odd subbands versus first/second PMIs should be decided. The two possibilities are illustrated in Figure 1. In each Alt, UCI packing is from top to bottom and UCI omission is from bottom to top.
[image: ]
[bookmark: _Ref68121879]Figure 1: Subband part of CSI part 2 for NCJT CSI.
Proposal 2: In the NCJT CSI, for subband part of CSI part 2, adopt one of the following alternatives for the order between even/odd subbands versus first/second PMIs:
· Alt1: Even and odd subbands of the first PMI are placed first followed by even and odd subbands of the second PMI.
· Alt2: Even subbands of the first and second PMIs are placed first followed by the odd subbands of the first and second PMIs.
Discussion on CSI enhancement for FR1 FDD reciprocity
In last meeting, the codebook structure and reporting mechanism of Rel-17 Type II port-selection codebook are finalized. In this section, we discuss remaining details in UCI designs and other leftovers.
UCI design considerations
UCI grouping
In last meeting, the study of UCI components grouping was triggered as follows.
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. 
In our view, since Rel-17 Type II port-selection codebook has same structure as Rel-16 Type II codebook, it is preferred to reuse the UCI grouping principles/implementation in Rel-16 codebook, unless there is clear benefit justified. From this perspective, Alt3 is considered as a baseline. In Alt1, the difference compared Alt3 is reporting FD indicator in Group 0 rather than Group 1. Its intention is to obtain a full PMI even if Group 1 and 2 are both omitted, but the usefulness of such PMI in real-world is doubtful because all the coefficients other than the strongest one is omitted. For Alt2, the benefit of not performing bitmap partition is also unclear. Based on the discussion, we propose
Proposal 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.
Proposal 4: UCI group packing order of UCI Part 2 for Rel-16 PS codebook, and the UCI omission order of UCI part 2 for Rel-16 PS codebook, are reused for Rel-17 PS codebook enhancement.
Coefficient priority function
The next remaining issue lies in how the coefficients and bitmap sequence is ordered in Group 1 and Group 2, following three alternatives are agreed in last meeting.
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. 
In Rel-16 eType II CSI, the coefficients and bitmap are packed based on priority function. The priority function first maps coefficients across layers, secondly maps coefficients across port indices and thirdly maps coefficients across FD basis indices (as described in Alt2 above). The motivation of these packing order is to keep high rank as much as possible. In addition, the FD bases are permuted based on their offset to FD basis 0, and this permutation keeps coefficients close to FD basis 0 as much as possible when UCI omission occurs. In our view, such FD permutation and coefficient shuffling across layers require unnecessary implementation complexity but the gain in throughput in unclear. The reason is that UCI omission only occurs in corner case, and optimization for such corner case is unnecessary because the omitted PMI can be hardly used in scheduling and MU pairing. 
Hence, based on the discussion, we prefer a more natural order for coefficient mapping i.e., Alt1. That is, first across port indices, secondly across FD basis indices, and thirdly across layers. In addition to complexity reduction, another benefit is that the coefficient of the 1st layer can be kept as much as possible even though UCI omission occurs. For instance, if UE reports rank-2, UE may omit large proportion of the coefficients in 2nd layer and all coefficients in 1st layer may be kept (if 2nd layer has larger or equal number of coefficients as 1st layer). Such omitted PMI can be still used in scheduling rank-1 transmission. Moreover, since CQI is calculated assuming rank-2, it can be still used for rank-1 transmission with BLER<=0.1. 
Observation 1: In Rel-16 eType II UCI packing and omission, FD permutation and coefficient shuffling across layers require unnecessary implementation complexity but the gain in throughput in unclear.
Observation 2: mapping coefficients per layer can keep full precoder of the 1st layer as much as possible when UCI omission occurs.
Observation 3: By mapping coefficients per layer, the CQI can be still used in satisfying BLER<=0.1 if the coefficients of a few layer is omitted.
Proposal 5: For Rel-17 FDD CSI, do not support FD permutation in UCI packing and omission, and support mapping coefficients first across port indices, secondly across FD basis indices, and thirdly across layers.
Other remaining issues
Restriction on parameter combinations
In the last meeting, following 8 parameter combinations are agreed, and the remaining issue is that whether there is restriction/dependency on applicable scenarios.
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 
In our view, one of the objective of this WID is to reduce the overhead but maintain similar or even better performance compared to Rel-16 Type II port-selection codebook. For Rel-16/17 Type II codebook, the payload is largely determined based on the number of non-zero coefficients. In Rel-16 Type II port-selection codebook, the highest payload is resulted by parameter combination {L,p,beta}={4,1/2,1/2}. With this parameter combination, the total number of non-zero coefficients is 2K0=56 for 13 subbands (e.g., 20MHz bandwidth) and 2K0=70 for 19 subbands (e.g., 100MHz bandwidth). It is expected that the total number of non-zero coefficients of these 8 parameter combinations for Rel-17 Type II port-selection codebook does not exceed 56 as 13 subbands is a typical configuration.
With this in mind, one can see that 1) parameter combination {M,alpha,beta}={1,1,1} and{M,alpha,beta}={2,1,1/2} yield 64 NZCs for 32 CSI-RS ports; 2) parameter combination {M,alpha,beta}={2,1,3/4} yields 72 NZCs for 24 CSI-RS ports and yields 96 NZCs for 32 ports. Hence, in our view, these configurations are needed to be avoided. 
Moreover, from implementation perspective, limiting the total number of coefficients to a reasonable range can save the complexity as large K0 value needs more effort in coefficients ordering and quantization. Based on the discussion, we propose
Proposal 6:  Parameter combinations {M,alpha,beta}={1,1,1} and{M,alpha,beta}={2,1,1/2} are only applied to <= 24 ports, while parameter combination {M,alpha,beta}={2,1,3/4} is applied to <=16 ports.
CSI reporting on PUSCH
For Rel-16 Enhanced type II codebook, only CSI reporting on PUSCH is supported. In our view, the same principle should be applied to Rel-17 Type II port-selection codebook as well. The main reason of not supporting CSI reporting on PUCCH is large payload. Hence, we propose
Proposal 7: For Rel-17 Type II port-selection codebook, only CSI reporting on PUSCH is supported.
Conclusion
In this contribution, we discuss issues related to CSI enhancement for mTRP and FR1 FDD reciprocity. 
For mTRP CSI, we propose:
Proposal 1: For a CSI report setting with Option 1 with X=1 or 2 and reportConfigID=s, CSI priority is , where  is the hypothesis group index within the CSI report setting with reportConfigID=s.
·  correspond to single-TRP hypothesis group(s) and NCJT CSI hypothesis group, respectively
· This ordering is for the purpose of UCI payload construction, CSI omission for CSI part 2, and CPU occupation priority.
Proposal 2: In the NCJT CSI, for subband part of CSI part 2, adopt one of the following alternatives for the order between even/odd subbands versus first/second PMIs:
· Alt1: Even and odd subbands of the first PMI are placed first followed by even and odd subbands of the second PMI.
· Alt2: Even subbands of the first and second PMIs are placed first followed by the odd subbands of the first and second PMIs.
For Rel-17 port-selection Type II codebook, we observe and propose
Observation 1: In Rel-16 eType II UCI packing and omission, FD permutation and coefficient shuffling across layers require unnecessary implementation complexity but the gain in throughput in unclear.
Observation 2: mapping coefficients per layer can keep full precoder of the 1st layer as much as possible when UCI omission occurs.
Observation 3: By mapping coefficients per layer, the CQI can be still used in satisfying BLER<=0.1 if the coefficients of a few layer is omitted.
Proposal 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.
Proposal 4: UCI group packing order of UCI Part 2 for Rel-16 PS codebook, and the UCI omission order of UCI part 2 for Rel-16 PS codebook, are reused for Rel-17 PS codebook enhancement.
Proposal 5: For Rel-17 FDD CSI, do not support FD permutation in UCI packing and omission, and support mapping coefficients first across port indices, secondly across FD basis indices, and thirdly across layers.
Proposal 6:  Parameter combinations {M,alpha,beta}={1,1,1} and{M,alpha,beta}={2,1,1/2} are only applied to <= 24 ports, while parameter combination {M,alpha,beta}={2,1,3/4} is applied to <=16 ports.
Proposal 7: For Rel-17 Type II port-selection codebook, only CSI reporting on PUSCH is supported.
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