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Introduction
In RAN1#105-e, several agreements were made for CSI enhancements under multi-TRP deployments, as well as CSI enhancements that exploit FDD channel reciprocity in FR1. For multi-TRP enhancements, agreements were made that refine the scope of enhancements for multi-TRP deployments, including CSI Report configuration, CSI-RS Resource grouping, and CSI report structure. For FDD reciprocity, companies have agreed on spatial aspects of the codebook structure. In this contribution we provide our views on different aspects of the CSI enhancements under multi-TRP/panel transmission, as well as on CSI enhancements under FR1 FDD reciprocity based on the class of Type-II Port Selection codebooks.
CSI Reporting for DL multi-TRP/Panel Transmission
In RAN1#105-e [1], the following agreements were made for CSI enhancements under multi-TRP transmission:
	Agreement
Whether a NZP CSI-RS resource can be referred by both a CMR pair configured for NCJT measurement hypothesis and a CMR configured for Single-TRP measurement hypothesis:
· It is feasible in both FR1 and FR2 but subject to UE capability for FR2. If a UE supports and the sharing is also enabled by gNB, two CMRs from a CMR pair configured for a NCJT measurement hypothesis can be used for Single-TRP measurement hypotheses, otherwise they cannot.

Conclusion
Whether to support interference measurement based on NZP CSI-RS outside the CMR pair configured for NCJT measurement hypothesis, in addition to CSI-IM
Alt 2: No, it is not supported

Agreement
Whether a NZP CSI-RS resource m can be referred by two CMR pairs (m, a) and (m, b) configured for NCJT measurement hypotheses
· Alt 1: It is feasible for FR1 but not for FR2.

Agreement
A CSI-IM resource is configured to be associated with either a CMR for Single-TRP measurement hypothesis or a CMR pair for NCJT measurement hypothesis:  
· One-to-one mapping between M+N CSI-IM resources versus M NZP CSI-RS resources for single-TRP measurement hypothesis and N NZP CSI-RS resource pairs for NCJT measurement hypothesis configured in a CSI-RS resource set.
· FFS the value/definition of M 
Note: it is possible to configure the same value of CSI-IM resource ID for both NCJT and Single-TRP measurement hypotheses in FR1 and FR2, subject to QCL-Type D consistency between measurement hypotheses of the shared CMR in FR2

Agreement
For a CSI-RS resource set with Ks NZP CSI-RS resources configured for CMR and N NZP CSI-RS resource pairs configured for NCJT measurement hypotheses, study following default value of Ks,max,
· Alt 1: Ks,max = 4
· Alt 2: Ks,max = 2
· Alt 3: Ks,max = 4 for FR2, and Ks,max = 2 for FR1
· Note that default value means the minimal supported value for Ks,max in UE capability reporting, if UE support this feature.

Agreement
For CSI measurement associated with a CSI-ReportConfig for NC-JT, study whether/how to support following dynamic updating on, e.g. by MAC-CE
· Alt 1: CMR pairs for NCJT measurement hypotheses
· Alt 2: CMRs for Single-TRP measurement hypotheses
· Alt 3: TCI states in CMRs
· Alt 4: the number of single-TRP CSIs (i.e. X=0/1/2) in a NCJT CSI report

Conclusion:
There is no consensus to go with either of the following options in RAN1 #105e:
· Option 1: Confirm the Working Assumption from RAN1#103e
· Option 2: The UE can be expected to report one RI, one PMI, one LI and one CQI per TRP, up to 2 TRPs, for Multi-DCI based NCJT

Agreement
For Rel-17 Multi-TRP CSI enhancement, companies are encouraged to study following potential specification impact: 
· CRI codepoint mapping order with CMRs and CMR pairs
· Whether/how to configure RI restriction/CBSR configuration for NCJT CSI measurement
· Whether/how to enhance the CSI updating rule to address CPU overbooking
· Whether/how to introduce new CSI computation delay requirement for NCJT CSI calculation
· Whether/how to support wideband CSI report

Agreement 
For CSI measurement associated with CSI-ReportConfig for NCJT down-select one or more Alt in RAN1#106-e:
· Alt 2: additional RRC signalling is needed to configure M (M≤ Ks) CMRs from the CSI-RS resource set for CMR for Single-TRP measurement hypotheses
· Example: For a given set of {{#0, #1}, {#2, #3}} with N=1, {#0, #2} are for NCJT measurement hypothesis. Additional RRC signaling may select {#0,#3} (if sharing is allowed), or {#1, #3} (if not allowed), or select any from the set for single-TRP measurement hypotheses. 
· Alt 3: For CMRs configured in the CSI-RS resource set, support RRC signalling to enable/disable single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement hypothesis
· Example: For a given set of {{#0, #1}, {#2, #3}} with N=1, {#0, #2} are for NCJT measurement hypothesis. If gNB enables the sharing, {#0, #1, #2, #3} are for single-TRP measurement. If gNB disable the sharing, {#1, #3} are for single-TRP measurement hypotheses. 
· Alt 4: CMR sharing between single-TRP measurement hypothesis and NCJT measurement hypothesis is realized by configuring the same value of CMR ID for single-TRP CMR and NCJT CMR pair.
· Example: When the UE supports sharing, for a given set of {{#0, #0}, {#2, #3}} with N=1, {#0, #2} are for NCJT measurement hypotheses, the rest {#0, #3} are for single-TRP measurement hypotheses. The CMRs for STRP can be updated by re-configuring the CSI resource set.
Note that above examples are only for the purpose of illustrating/discussing Alternatives. 

Agreement
For Option 1 CSI reporting associated with NCJT and X single-TRP measurement hypotheses, study whether to support following PMI/RI sharing mechanisms between NCJT CSI and single-TRP CSI(s):
· Enabling/Disabling PMI, RI sharing via higher-layer configuration
· Dynamic indication of PMI, RI sharing in the CSI report
· FFS: other details
· FFS: applicable conditions/restrictions of CMR sharing among Single-TRP and NCJT hypotheses, if above PMI/RI sharing mechanism can be applied 

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. 



CSI-RS Resource Configuration 
It was agreed in RAN1#104-e [2] that a UE can be configured with two CMR groups with Ks=K1+K2 CMRs for multi-TRP transmission, where a subset of the Ks CMRs can be used for single-TRP hypothesis. It was later agreed in RAN1#104bis-e [3] that the number of CMRs per group, K1, K2 are selected freely as long as K1+K2=Ks. A few details still remain, including whether a CMR can be reused for more than one hypothesis, and the limits on the configured Ks,max, Nmax values, in addition to the CMR selection process for CSI reporting. 
CMR sharing across multiple hypotheses
[bookmark: _Hlk71285784]It was discussed in prior RAN1 meetings how a CMR corresponding to one TRP for NCJT transmission can be reused for single-TRP transmission from the same TRP. In RAN1#105-e, it was agreed that reusing a CMR associated with an NCJT hypothesis for a single-TRP hypothesis is allowed in FR1 without restriction, however for FR2 it was decided to allow CMR reuse in FR2 based on an optional UE capability. In RAN1#105-e, three alternatives for configuring the CMRs for NCJT, single-TRP or both are provided, as follows
Alt 2: additional RRC signaling is needed to configure M (M≤ Ks) CMRs from the CSI-RS resource set for CMR for Single-TRP measurement hypotheses, e.g., for a given set of {{#0, #1}, {#2, #3}} with N=1, {#0, #2} are for NCJT measurement hypothesis. Additional RRC signaling may select {#0,#3} (if sharing is allowed), or {#1, #3} (if not allowed), or select any from the set for single-TRP measurement hypotheses. 
Alt 3: For CMRs configured in the CSI-RS resource set, support RRC signaling to enable/disable single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement hypothesis, e.g., for a given set of {{#0, #1}, {#2, #3}} with N=1, {#0, #2} are for NCJT measurement hypothesis. If gNB enables the sharing, {#0, #1, #2, #3} are for single-TRP measurement. If gNB disable the sharing, {#1, #3} are for single-TRP measurement hypotheses. 
Alt 4: CMR sharing between single-TRP measurement hypothesis and NCJT measurement hypothesis is realized by configuring the same value of CMR ID for single-TRP CMR and NCJT CMR pair, e.g., when the UE supports sharing, for a given set of {{#0, #0}, {#2, #3}} with N=1, {#0, #2} are for NCJT measurement hypotheses, the rest {#0, #3} are for single-TRP measurement hypotheses. The CMRs for STRP can be updated by re-configuring the CSI resource set.
In our opinion, Alt3 is more convenient, since reusing an NCJT CMR for single-TRP transmission would depend on the UE capability to make multiple channel measurements/inferences under different transmission hypotheses and generate the corresponding UCI payload. One advantage of Alt3 is that the CMR reuse for different hypotheses would be configured with a single configuration parameter, compared with a parameter per NZP CSI-RS resource, which would complicate the signaling  
Support Alt3 for CMR reuse, with a single configuration parameter enabling CMR reuse for single-TRP for the configured NZP CSI-RS resources

Bounds on Ks, N values
In addition, bounds on the total number of CMRs across CMR groups as well as the number of NCJT CMR pairs were also discussed to limit the UE complexity. In our opinion, the maximum value of Ks for a given UE should depend on the operating frequency range. For instance, since CMR reuse is allowed without restriction in FR1, the parameter pair (Ks, N) = (2,1) should be mandatory supported for all UEs supporting multi-TRP transmission. For FR2, the parameter pair (Ks, N) = (2,1) should also be mandatory for UEs that allow reusing an NCJT CMR for single-TRP hypothesis. An additional pair value, (Ks, N) = (4,1) can also be made mandatory, at least for UEs that do not support reusing an NCJT CMR for a single-TRP hypothesis. 
Support the pair (Ks, N) = (2,1) as mandatory parameter values for multi-TRP transmission for FR1, and support the pair (Ks, N) = (4,1) as mandatory parameter values for FR2

Indication of selected CMRs for CSI Reporting
One other aspect of the CMR grouping that is yet to be finalized is the mapping between the Ks CMRs associated with multi-TRP transmission and X+1 CSI Reports which the UE is configured to feed back to the network, where X=0,1,2. In RAN1#104bis-e, it was suggested to use dynamic signaling, e.g., MAC-CE signaling, to update the UE with the selected hypotheses for CSI reporting, as well as indicate the M CMRs (out of Ks) that can be used for single-TRP hypotheses. It is not clear to us why dynamic signaling is needed to indicate the selected CMRs corresponding to the measurement hypotheses, based on which the UE would feed back the corresponding CSI reports. In light of that, dynamic indication of the CMRs corresponding to the CSI reporting may not be necessary, at least as a mandatory feature. Dynamic signaling should be studied only as an optional UE feature
No clear justification of using dynamic indication of the selected CMRs for CSI reporting
Study dynamic signaling of selected CMRs for CSI Reporting as an optional UE feature 
PMI/RI sharing for multi-TRP CSI reporting 
Different alternatives for CSI Reporting mechanism were proposed for NCJT, and a decision was reached in RAN1#104-e [2] to support two options, where the first option includes reporting one NCJT CSI Report and X single-TRP CSI reports (X=0,1,2), and the second option includes reporting one CSI report corresponding to the best hypothesis across single-TRP and NCJT hypotheses. Clearly, both options (as well as the sub-options under Option 1) vary in terms of UE complexity, CSI feedback overhead and network complexity. For instance, Option 1 with X=2 provides the best flexibility in terms of providing CSI feedback to all possible transmission hypotheses in case of two TRPs, however the overall CSI feedback has roughly triple the overhead size as conventional CSI feedback under single-TRP transmission. On the other hand, a UE under Option 2 would report CSI feedback for the best hypothesis among single-TRP and NCJT hypotheses, which requires roughly the same CSI overhead as Rel. 15/16 single-TRP transmission CSI reporting, at the expense of restricting the CSI feedback to one hypothesis only. One way to rationalize such large overhead is via reusing part of the CSI, e.g., PMI/RI for more than one hypothesis. An example of such algorithm is provided in Table 1 below, as follows. 

	Step 1: 
A UE is configured with two NZP CSI-RS Resources, CSI-RS0 and CSI-RS1 transmitted from TRP1 and TRP2, respectively

Step 2:
The UE computes PMI0, RI0 under NCJT hypothesis, where CSI-RS0 and CSI-RS1 are used for channel and interference measurements, respectively   

Step 3:
The UE computes PMI1, RI1 under NCJT hypothesis, where CSI-RS1 and CSI-RS0 are used for channel and interference measurements, respectively   

Step 4:
The UE computes CQI0 for single-TRP hypothesis from TRP1, based on PMI0, RI0

Step 5:
The UE computes CQI1 for single-TRP hypothesis from TRP2, based on PMI1, RI1

Step 6:
The UE computes CQI2 for NCJT hypothesis from TRP1 and TRP2, based on PMI0/RI0 and PMI1/RI1


[bookmark: _Ref61899328]Table 1: CSI computation for Option 1 with X=2 using two PMI quantities and three CQI quantities
From Table 1, the UE can compute CSI for three transmission hypotheses using two PMI quantities, where PMI0 and PMI1 for NCJT hypothesis that are associated with TRP1 and TRP2 are reused for single-TRP hypothesis with TRP1 and single-TRP hypothesis with TRP2, respectively. Although PMI0 and PMI1 are not optimized for single-TRP hypothesis, this approach would simultaneously reduce the CSI feedback overhead, and bring down the UE computational complexity since only 2 PMI and 2 RI values (rather than 4 PMI, 4 RI) would be computed, as well as provide enough flexibility to the network to support up to three transmission hypotheses. Note that the two reported CQI values CQI0, CQI1 are computed based on the two single-TRP hypotheses corresponding to TRP1 and TRP2, respectively, without taking the PMI/interference measurement from the other TRP into consideration. A similar mechanism can be adopted for Option 1 with X=1, where only 2 PMI, 2 RI and 2 CQI values are needed to support both NCJT and the single-TRP hypotheses. CSI feedback overhead and UE complexity of Option 1 with X=1,2 can be reduced via adopting more concise CSI reporting approaches.
Reuse PMI, RI across NCJT and single-TRP hypotheses for CSI reporting under Option 1 with X=1, 2
A few details of PMI/RI sharing have been discussed in RAN1#105-e. For instance, it was discussed whether PMI sharing is (1) configured via the network, or (2) indicated by the UE. Option 1 is a more conventional network-centric approach, with the network configuring the UE to measure/compute fewer quantities. On the other hand, Option 2 is a UE-centric approach, in which the UE may need to override the network configuration to report fewer PMI(s)/RI(s). In our opinion, the advantages of Option 2 are not clear, since the network allocates the UCI payload prior to CSI reporting, and hence UE-triggered UCI payload reduction may not be very helpful. In light of that, we support Option 1 with higher-layer configured indication of PMI/RI sharing. 
Support higher-layer configuration indication of PMI/RI sharing
One other aspect of the problem is the CMR association with respect to channel hypotheses under PMI sharing. In our understanding, one advantage of PMI/RI sharing (assuming the implementation example in Table 1), is that the UE computes 2 PMI/RI pairs for NCJT hypothesis only, where each PMI/RI pair can be used for single-TRP hypothesis corresponding to the respective TRP. This approach matches scenarios in which CMR of NCJT hypothesis can be reuse for single-TRP hypothesis. Hence, it seems reasonable to link PMI/RI sharing with the CMR reuse across NCJT/single-TRP feature.
PMI/RI sharing approach is matched with the notion of CMR reuse between NCJT and single-TRP transmission hypotheses
Moreover, CPU allocation under PMI/RI sharing needs to be addressed. Normally, the number of CPUs is parametrized by the number of CSI-RS resources, where one CSI-RS resource that appears in N CSI reporting configurations is counted N times. Under PMI/RI sharing, the UE computes PMI/RI based on one CSI measurement hypothesis only, however the UE computes up to two additional CQI values corresponding to the up to two additional single-TRP transmission hypotheses supported. In our opinion, the number of CPUs under multi-TRP CSI framework should be tied to the number of computed PMIs, hence, CPU occupation should be based on the NCJT hypothesis only. Specifying an exceptional rule for PMI/RI sharing can be left FFS.
For PMI/RI sharing, CPU occupation is similar to Option 2 with X=0 with NCJT CSI reporting
CSI Report Priority for multi-TRP Transmission
In RAN1#105-e, it was agreed to discuss CSI prioritization for Option 1 reporting with X=1,2. First, we would like to emphasize that CSI prioritization is not only useful for CSI omission; it is also related to the mapping order of the CSI  order in the UCI sequence, i.e., for UCI payload generation. If CSI for more than one hypothesis is reported, e.g., Option 1 with X=1,2, there must be a rule/signaling/indication of which CSI is reported first in UCI, to avoid ambiguity when the gNB decodes the UCI sequence. Therefore, we believe ordering CSI based on hypothesis is needed.
Agreeing on CSI report priority for Option 1, X=1, 2 is necessary to characterize the UCI payload generation for multi-TRP CSI
In NR Rel. 15 and Rel. 16 codebooks, there are two levels of prioritization/ordering of CSI report: a first level is prioritization/ordering across CSI reports corresponding to different reporting configurations, which is discussed in Clause 5.2.5 of [4]. In summary, each CSI report is associated with a priority value, where a lower CSI priority value indicates higher priority, as follows

s: CSI reporting configuration index, where Ms is the maximum number of CSI reporting configurations
c: Cell index, and Ncells is the number of serving cells 
k: 0 for CSI reports carrying L1-RSRP or L1-SINR, and 1 otherwise
y: 0 for aperiodic reports, 1 for semi-persistent reports on PUSCH, 2 for semi-persistent reports on PUCCH, 3 for periodic reports

The second level of prioritization/ordering is within the fields of the same CSI report, which is provided in Clause 6.3.1.1.2 and Clause 6.3.2.1.2 of [5] for UCI on PUCCH and PUSCH, respectively. Note that different codebook types have different prioritization rules. In NR Rel. 17 codebook, some multi-TRP CSI reporting scenarios (Option 1 with X=1,2) are unconventional since the same CSI report configuration triggers CSI for multiple hypotheses. In our opinion two alternatives exist to govern the CSI prioritization under these scenarios, as follows: 
Alt1: Each CSI hypothesis is treated as a separate CSI report. This requires relaxing the Rel. 15/16 limitation of one CSI report per configuration, however the specification impact would be limited since only the CSI report priority formula in Clause 5.2.5 of [4] needs to be updated. 
Looking into the Rel. 16 CSI report priority function provided above, it does not take into consideration the case where multiple CSI reports are associated with the same CSI reporting configuration index, which may require updating the CSI report priority function to include a parameter that represents the CSI report index within a CSI reporting configuration. One way to update the CSI priority value is as follows

Where n is the CSI report index within a CSI report configuration, taking on values {0,1,..,X}, and Nr is the maximum number of CSI reports per CSI reporting configuration. One way to break the tie between the CSI reports within the same CSI reporting configuration is to assign higher priority to legacy reporting corresponding to a single-TRP CSI report, compared with NCJT report. For the case of X=2 with two single-TRP CSI reports and one NJCT CSI report, the two CSI reports corresponding to single-TRP transmission can be given higher priority compared with NCJT CSI report, however, ties must be broken between the two single-TRP CSI reports, e.g., based on the CSI-RS resource ID corresponding to the CMR used for single-TRP hypothesis. Further details are FFS.
The Rel. 15/16 CSI report priority function is not compatible with the multi-TRP CSI framework where multiple CSI reports can be associated with the same CSI reporting configuration
A CSI report corresponding to single-TRP hypothesis has higher priority compared with a CSI report corresponding to NCJT hypothesis
For a CSI reporting configuration with X=2 single-TRP CSI reports, ties must be broken between the two single-TRP CSI reports to prioritize one CSI report over the other, e.g., based on associated CSI-RS Resource ID  
Alt2: CSI corresponding to the X+1 CSI hypotheses (assuming Option 1 CSI reporting with X=1, 2) is stacked into a single CSI report, e.g., for X=2, up to 4 PMI/LI/RI, 3 CQI values are reported in one CSI report. This aligns with Rel. 15/16 in terms of one-to-one association between a CSI report and a CSI reporting configuration, however the specification impact would be large since the UCI sequence generation tables for a CSI report in Clause 6.3.1.1.2 and Clause 6.3.2.1.2 of [5] need to be updated in order to accommodate for the new CSI report structure. One way to reduce the specification impact under Alt2 though is via stacking the reporting quantities of the same type, e.g., for Option 1 with X=1, the bits corresponding to the 3 PMI quantities are generated consecutively, based on a similar tie-breaking rule as that of Alt1, as follows
	RI 1
	RI 2
	RI 3
	…
	CQI 1
	CQI 2
	…
	PMI 1
	PMI 2
	PMI 3


Table 2: UCI bit sequence generation with ordering based on report quantity
 Alternatively, the CSI report would include CSI report quantities based on the order of hypotheses, as follows
	RI 1
	CQI 1
	PMI 1
	…
	RI 2
	RI 3
	CQI 2
	PMI 2
	PMI 3


Table 3: UCI bit sequence generation with ordering based on CSI hypothesis
Based on the previous discussion, our preference is Alt1, with one CSI report per hypothesis, since this solution is more straightforward and would cause less specification impact, compared with Alt2.
A CSI report is defined for each CSI hypothesis, i.e., different CSI hypotheses correspond to different CSI reports  

CBSR and RI Restriction for multi-TRP based CSI Reporting
In RAN1#104bis-e [3], it was agreed to support the following RI pairs for NCJT: {1, 1}, {1, 2}, {2,1}, {2,2}, where the total number of layers is limited to 4, such that the difference between the number of layers corresponding to the two NCJT PMIs is no larger than one. It was also decided to further study whether CBSR and RI restriction should be configured jointly or separately for each UE. In our opinion, RI restriction should follow legacy definitions, where the RI restriction is applied to the total number of layers from both TRPs/Panels, if applicable.
Reuse legacy RI restriction format for NCJT, such that an RI restriction applies to the total number of layers transmitted from the TRP(s) for a given transmission hypothesis
For CBSR under NCJT, the configuration should be dependent on the TRP, since each TRP may have a different set of restricted beams.  since the CBSR for each TRP may be also follow legacy definition with a single CBSR configuration for all TRPs/Panels. Note that CBSR is needed to mitigate inter-cell interference, and hence the restriction is beam-based, and does not depend on the corresponding channels corresponding to the link(s) between the TRP(s) and the restricted UE. 
Two CBSR configurations are used for NCJT, such that each CBSR configuration applies to a specific TRP
Type-II Port Selection Codebook Enhancement
[bookmark: _Hlk53958228]In RAN1#105-e [1], the following agreements were made for port-selection codebook enhancements under FDD channel reciprocity in FR1:
	Agreement
For Rel-17 port selection codebook, the maximal value of CSI-RS port number P as Pmax is 32.

Conclusion
At least for rank 1, no further restriction or condition is applied for polarization-common based free-selection and combinatorial coefficient based port selection for W1.

Working Assumption
At least for rank 1, FD bases used for Wf quantization are limited within a single window with size N configured to the UE whereas FD bases in the window must be consecutive from an orthogonal DFT matrix, i.e. Alt 1 
· FFS: Further dependence/restriction, e.g. conditioned on N3 or the number of CSI-RS ports, can be applied to above design. If does, how to support a non-consecutive FD bases used for Wf quantization 
· FFS: Whether to introduce thresholds for N3 and/or P

Agreement
A polarization-specific bitmap for indication non-zero coefficients should be supported for W2.

Agreement
For the quantization of W2 coefficient, reusing following Rel-16 quantization mechanism for Rank1 at least:
· Two polarization-specific reference amplitudes:
· for the polarization associated with the strongest coefficient, the reference amplitude is not reported
· for the other polarization, reference amplitude is quantized to 4 bits
· The alphabet is{1, 1/2)^(1/4), (1/4)^(1/4), (1/8)^(1/4), …, (1/2^14)^(1/4), [Reserved]} (-1.5dB step size)
· For coefficients other than the strongest coefficient
· differential amplitude is calculated relative to the associated polarization-specific reference amplitude and quantized to 3 bits
· The alphabet is {1, 1/sqrt(2), 1/2, 1/(2*sqrt(2)), 1/4, 1/(4*sqrt(2)), 1/8, 1/(8*sqrt(2))} (-3dB step size)
· phase is quantized to 16PSK
· [bookmark: _Hlk78817071]For the reserved state for reference amplitude, down-select one Alt 
· Alt 1: it is kept to be reserved
· Alt 2: it is replaced as (1/2)^(15/4)
· Alt 3: it is replaced as (1/2)^(3/8)
Note: whether/how SCI is supported for R17 codebook will be discussed separately

Agreement
Further reduction for possible parameter combinations among codebook parameters of Rel-17 port selection codebook, e.g. {K1, Mv, Beta}, will be discussed jointly once candidate values are determined
· based on trade-off among UPT performance, feedback overhead, and complexity
· based on all supported ranks
· Limit total number of parameter combinations comparable to Rel-16 eType II
· Exact parameters (e.g. with 2 or 3 parameters) within each combination are FFS
· Other parameterizations of codebook parameter (e.g. alpha with K1= Alpha*# of CSI-RS ports and Alpha <=1) are not excluded

Agreement
At least for rank 1 and 2, for the compression coefficient Beta for non-zero coefficients of W2, values of Beta are {[1/4], 1/2, 3/4, 1} 
· Note: [1/4] means that 1/4 is also a candidate value for the discussion on reduction of parameter combinations, but has a lower priority compared to other beta values

Agreement
For Wf in CN3*Mv, Mv=2 is supported for R17 PS codebook 
· FFS: whether further dependence/restriction, i.e. conditioned on the number of CSI-RS ports, can be applied to Mv=2
· FFS: Whether Mv=4 can be supported for # of CSI-RS ports, e.g. 4 or 8

Agreement
At least for rank 1 and for Mv>1, Minit for the single window with size N is fixed to be 0

Conclusion
For PS codebook enhancements utilizing DL/UL reciprocity of angle and/or delay, there is no consensus of further enhancement for CSI-RS configurations associated with Rel-17 PS codebook. 

Agreement
At least for rank 1 and 2 and Mv > 1, for relationship between N and Mv, study and down-select one alternative from following in RAN1#106-e
· Alt 1: N= Mv always, no UE reporting of Wf
· Alt 2-1: N >= Mv, Wf  is layer-common and reported by UE for N>Mv.
· Alt 2-2: N >= Mv, Wf is layer-specific and reported by UE for N>Mv.
Note: Wf is layer-common for N=Mv
Note: For all alternatives, a layer-common window/set of size N is configured.

Agreement
Support rank 2 for Rel-17 codebook

Agreement
For Rel-17 port selection codebook, study following Alternatives and down-select in RAN1 106e:
· Alt 1: Wf OFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length N3. Wf as an all-one vector of length 1 is not needed
· Alt 2: Wf OFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length 1, i.e., a scalar. Wf as an all-one vector of length N3 is not needed.
· Alt 3: Keep both Wf OFF and Wf ON with Mv=1.
· If PMI format is SB, Wf  is an all-one vector of length N3 
· Informative note: this case is considered as “Wf ON with Mv=1” in the agreement in RAN1 104e 
· If PMI format is WB, Wf is an all-one vector of length 1, i.e., a scalar 
· Informative note: this case is considered as “Wf OFF” in the agreement in RAN1 104e
· Note: N3 = NCQISubband*R. 
· FFS: the case when no SB size is configured. 

For future RAN1 meeting:
Study whether/how the bitmap for indicating non-zero coefficients for W2 can be absent for CSI reporting
· FFS: applicable conditions of being absent, .e.g. Mv=1 and Beta =1 for rank 1 or higher ranks
· FFS: additional impact for reporting mechanism when/how the bitmap is absent
· Note: The principle of UE determining the real number of NZC (same as Rel-15 and Rel-16) is unchanged in Rel-17
· based on trade-off among UPT performance, feedback overhead and complexity


Codebook design: Wf configuration/reporting
In RAN1#104-e [2], it was agreed that the Rel. 17 port-selection codebook would follow a similar structure to that of Rel. 16 Type-II port-selection codebook, with a DFT-based frequency compression matrix Wf. FDD channel reciprocity can be exploited to optimize both the spatial and frequency beamforming of the CSI-RS, such that the channel corresponding to the beamformed CSI-RSs has a flat channel response, i.e., the channel would be characterized with a single dominant tap in the delay domain for each beamformed spatial dimension. In such case, a Rel. 16 Type-II like codebook with M=1 (which resembles a wideband codebook) would realize most the performance of  sub-band based CSI reporting. In more detail, starting from a Rel. 16 Type-II port selection codebook, the design of the CSI-RS beamforming matrix G(n) is transparent. Assume a simplified model with a single antenna port at the UE and a ULA of Mt antennas with spacing d at the gNB, and wavelength , the UL and DL channel models with duplexing distance of ∆F for sub-band n can be rewritten as


where P is the number of paths,   are the complex gains for path p in UL and DL channels, respectively, and m is the gNB antenna port index. τp, θp are the delay and AoA of path p, respectively, and ∆f is the sub-band spacing. In light of this model, the gNB would obtain the delays and angles of arrival of each path and can use it in CSI-RS beamforming matrix. One possible design of the CSI-RS beamforming matrix is as follows

For K≥P, such design would enable steering each CSI-RS port towards a given path. The received CSI-RS symbol sk corresponding to a simplified noiseless channel would then be as follows

The received signal can then be averaged (across sub-bands) as follows

and
                                  
Note that  , denoted here by reciprocity-based error term, would vanish for richly scattered environments, i.e., large P. Additionally, the larger the values of Mt, N3, the smaller the expected value of . The UE can then estimate  and report it to the network as part of the CSI feedback report, and hence construct precoder coefficients that match the beamformed downlink channel, given its knowledge of τp, θp that is obtained from the uplink/downlink channel reciprocity. For such scenario, reporting one amplitude and one phase value corresponding to each CSI-RS port suffices. The codebook design that corresponds to the aforementioned analysis can be realized with a slightly modified Rel. 16 port selection codebook with M=1, i.e., with wideband PMI reporting. Note that  may not vanish for all channel conditions, which would in turn require reporting more than one magnitude/phase coefficient value per port, i.e., M >1. Based on the analysis of the enhanced Type-II codebooks of Rel. 16, significant performance gains were achieved for M >2, e.g., M =4, without the need to exploit UL/DL channel reciprocity. Hence, the motivation to support uplink/downlink channel-reciprocity based codebook for M >2 may not be justified. Thereby, we support M =1,2 for frequency compression of Rel. 17 Type-II port-selection codebook. It is worth mentioning that the previous derivation confirms the conjecture pointed out by some companies that the number of CSI-RS ports supported for M=2 can be less than that supported for M=1, since the reciprocity-based error term  was shown to diminish as the number of ports Mt increases. However, in real-world scenarios, the channel reciprocity mismatch is expected to be even larger, since the downlink delays and angles of arrival are expected to slightly deviate from their uplink counterparts. For instance, when the uplink and downlink angles of arrivals are not identical, i.e.,  and , the modified reciprocity-based error term, , would become approximately as follows  

In light of that, considering a large number of CSI-RS ports for the case with M=2 is preferrable, so as to ensure the robustness of the Rel. 17 port-selection codebook in real world scenarios, where the path delays and angles are not expected to be perfectly aligned in both uplink and downlink channels, as emphasized in the second term of the modified reciprocity-based error term . 
When the number of FD basis indices M exceeds one, the reciprocity-based error term is expected to diminish with the number of CSI-RS ports
The reciprocity-based error term would increase when taking channel imperfections in real-world scenarios into account, e.g., mismatch in path delays and angles of arrival values between uplink and downlink channels
Do not further restrict the supported number of CSI-RS ports for the Rel. 17 port-selection codebook configured with M=2
Regarding the mechanism for configuring and/or indicating the FD basis indices for the Rel. 17 Type-II port-selection codebook, we believe a similar framework to that of Rel. 16 Type-II codebook for the case with N3>19 should be utilized, where a window-based approach is utilized with a layer-common window that indicates the set of contiguous FD basis indices from which the FD basis indices for all layers are selected, where the size (N) of the window can be higher-layer configured. 
Confirm the working assumption on window design: a layer-common, window-based approach is used to configure the FD basis indices for all layers, where the set of FD basis indices is contiguous, and whose size are higher-layer configured
For the layer-specific FD basis indices, our preference is UE-based selection of the M FD basis indices (per layer) out of the N window-based FD basis indices. The motivation behind our preference for UE-based selection of the layer-specific FD basis indices over network selection is that the FD basis selection in one layer depends on the codebook parameters corresponding to prior layers, i.e., for a precoder whose precoding vectors for different layer are quasi-orthogonal, codebook parameters of layer l depend on the parameters selected for layers l-1, l-2, …, 1, and hence should be selected by the UE, since the UE selects the codebook parameters of each layer based on the CSI configuration. 
For a precoder whose per-layer precoders are quasi-orthogonal, since the codebook parameters of a given layer depend on the codebook parameters of the prior layers, the FD basis indices selection should be carried out by the UE
Support UE-selected FD basis indices that are reported for each layer from a layer-common network-configured window
Wf ON/OFF reporting
In RAN1#104-e [2], it was agreed that the Rel. 17 port-selection codebook would follow a similar structure to that of Rel. 16 Type-II port-selection codebook, with a DFT-based frequency compression matrix Wf. Note that when M=1, i.e., the frequency compression matrix Wf collapses to a scaled all-ones vector of length N3, which implies that the precoders for all the N3 PMI sub-bands are identical. Clearly, the aforementioned alternative (hereafter denoted as Alt1) is equivalent to a wideband codebook, with the advantage that the codebook can still be configured with M>1 without the need to redefine the codebook. Under Alt1, there is no need to explicitly indicate whether Wf is ‘ON’ or ‘OFF’ since this is implied by the configured M=1 value, which implies wideband PMI. One other alternative (hereafter denoted as Alt2) is to assume Wf collapses to a scalar value ‘1’ when M is set to 1, and hence Wf is not part of the codebook. In our understanding, both Alt1 and Alt2 are equivalent in terms of performance and implementation, however supporting Alt2 would unnecessarily complicate the specification, since the codebook needs to be defined twice: a first definition for M=1, in which Wf is not part of the codebook description, and a second definition for M >1, in which Wf is part of the codebook description (which expands the codebook span to N3 dimensions corresponding to the PMI subbands). In our opinion, defining Wf ON/OFF for M=1 is not clear. In light of that, we believe Alt1 suffices to represent the codebook for a generic value of M ≥1. 
The Rel. 17 codebook structure W=W1W2WfH agreed in RAN1#104-e is generic and can support different frequency compression parameter values M ≥1
Support Alt1: Wf OFF and Wf ON with M=1 are same, and Wf is an all-one vector of length N3. Wf as an all-one vector of length 1 is not needed

Strongest coefficient indicator reporting
In RAN1#105-e [1], it was agreed to defer the discussion on whether/how the strongest coefficient indicator is reported to RAN1#106-e. Based on previous discussions, it appears that three alternatives arise:

Alt0: The strongest coefficient indicator is based on the order of the non-zero coefficients in the bitmap, i.e., using log2(βK1M) bits. While this approach is straightforward, it requires reporting the bitmap in Group 0 of Part 2 in the CSI report, which departs from the UCI payload generation of Rel. 16 Type-II codebook.
[bookmark: _Hlk78844955]  
Alt1: The strongest coefficient indicator is based on the order of coefficients (whether zero or non-zero) in the bitmap, using log2(K1M) bits per layer. While this requires a larger bitwidth to report the strongest coefficient per layer (for β<1), it has the advantage that the bitmap can still be reported within Group 1 and Group 2 of the CSI report, similar to Rel. 16 Type-II codebook design. 

Alt2: The FD basis index with the strongest coefficient is permuted to the first index in the size N window for FD basis selection. This permutation may require additional feedback (up to log2N bits, similar to Rel. 16 Type-II codebook), based on the method of reporting the FD basis indices. Under this setup, only log2K1 bits are needed to report the strongest coefficient.

Alt3: The strongest coefficient indicator is not reported, and the index of the strongest polarization (corresponding to the reference amplitude with unit value) is reported with one bit. However, quantized amplitude and phase values for all K0’ coefficients (assuming the UE reports a value of K0’ corresponding to the total number of non-zero coefficients reported in Part 1 of the CSI report) are reported, compared with K0’-v coefficients under Alt0, Alt1 or Alt2, assuming Rank v is reported.

In our opinion, Alt2 may not be consistent with the agreement in RAN1#105-e that the location of the FD basis window is fixed, i.e., not reported, in addition to its dependency on the means of reporting/configuring/setting the selected FD bases indices for each layer. Alt3 does not require reporting the strongest coefficient indicator, at the expense of reporting the quantized amplitude and phase values for one additional coefficient per layer. While Alt0 seems to be a reasonable alternative, it requires changing the UCI payload generation compared with Rel. 16 Type-II codebook, and hence updating the UCI omission rules. Hence, we prefer Alt1 due to its straightforward design and compatibility with Rel. 16 Type-II payload generation.
The strongest coefficient indicator is based on the order of coefficients (whether zero or non-zero) in the bitmap, using log2(K1M) bits per layer
Quantization scheme of codebook coefficients
[bookmark: _Hlk71323628]In RAN1#104bis-e [3], the quantization scheme for linear combination coefficients of Rel. 17 reciprocity-based codebook was discussed, and it was agreed to reuse the quantization scheme for Rel. 16 Type-II codebook with a polarization-common amplitude coefficient, a differential amplitude coefficient per codebook entry and a phase coefficient per codebook entry. One issue that still remains is the reserved state for reference amplitude, with three alternatives being discussed:  
Alt1: keep the state reserved 
[bookmark: _Hlk78817882]Alt2: replace with (1/2)^(15/4)
Alt3: replace with (1/2)^(3/8)
One advantage of Alt1 is the specification impact, since the Rel. 16 Type-II codebook quantization can be fully reused. In our opinion, the quantization value (1/2)^(15/4) of Alt2 is negligible and is not expected to provide notable gains. On the other hand, the quantization value (1/2)^(3/8) of Alt3 can help improve the quantization for the case in which the gap between the quantization values of the weaker polarization is small compared with the stronger polarization, and hence Alt3 may also be a reasonable option. We slightly prefer Alt1 though to reduce specification impact by enabling the reuse of the quantization framework of Rel. 16 Type-II codebook.
Replacing the reserved state of the reference amplitude quantization values with a small value, e.g., Alt2 with (1/2)^(15/4), will have negligible impact on performance
Support Alt1 for reserved state of reference amplitude quantization values
Bitmap reporting for reciprocity-based codebook
In RAN1#104bis-e [3], using a bitmap was discussed for Rel. 17 reciprocity-based codebook similar to Rel. 16 Type-II codebook. In general, a bitmap can help reduce the CSI feedback overhead in scenarios where the UE quantizes a fraction of a large number of coefficient available for the codebook. However, when either the number of codebook coefficients diminishes, or the number of quantized coefficients approaches the total number of coefficients, the advantages of using a bitmap would diminish, and the overhead incurred by including the bitmap can dominate the CSI feedback overhead saving resulting from it. In light of that, we propose that a bitmap is not supported for specific codebook configurations where most coefficients are quantized, i.e., β=1, or the number of coefficients is small, e.g., K1M ≤ δ, δ=4. Further details can be left FFS.  
The advantages of using a bitmap diminishes when either the number of codebook coefficients diminishes, or the number of quantized coefficients approaches the total number of coefficients
A bitmap is not reported for Rel. 17 port selection codebook when most coefficients are quantized, i.e., β=1, or the number of coefficients is small, e.g., K1M ≤ δ, FFS: value of δ
Support for Rank>2
In RAN1#105-e [1], it was agreed to support up to rank 2 for Rel 17 codebook, however no decision was made on whether/how higher ranks can be supported, e.g., up to Rank 4, similar to Rel. 16 type-II codebook. In our opinion, the Rel. 17 codebook aims at providing an alternative to Rel. 15/16 codebooks with less complexity and overhead via exploiting the channel reciprocity, while maintaining similar performance. Given that, the Rel. 17 enhancement should not restrict the supported rank below that of Rel. 16 Type-II codebook. Therefore, the new Rel. 17 codebook should support up to Rank 4. 
Support up to Rank 4 for Rel. 17 Type-II port-selection codebook
Codebook parameter combinations
One remaining detail of Rel. 17 Type-II codebook design is the set of supported combinations of configured codebook parameters, e.g., K1, β, and M. One other configured codebook parameter, R, i.e., the number of PMI sub-bands per CQI sub-band, is still under discussion, with a baseline value of 1. We prefer to limit the discussion to R=1 for the remainder of the meeting due to the limitation in time for RAN1 discussion, especially that it doesn’t seem there is consensus on the other proposed values. 
Limit the support of R, i.e., the number of PMI sub-bands per CQI sub-band to one
Regarding other parameter combinations, e.g., K1, β, and M, some companies have expressed their preference to limit the number of supported combinations to no more than 8, similar to Rel. 16 Type-II codebook. Also, some parameter combinations, e.g., M, was agreed to be rank dependent, i.e., Mv ≠Mv’ for v ∈{1,2}, v’ ∈{3,4}. For port-selection codebook, one approach that can be studied is to set K1 to be rank dependent as well, i.e., K1,v ≠K1,v’ for v ∈{1,2}, v’ ∈{3,4}, where K1,v ≤ K1,v’, since the number of selected beamformed CSI-RS ports may depend on the supported rank, e.g., grouping the selected CSI-RS ports based on the layer index.
Study whether rank-dependent K1 is supported for Rel. 17 port-selection codebook
Time-domain behavior of CSI Reporting for Rel. 17 Type-II codebook
Previously, CSI reporting corresponding to Rel. 15 and Rel. 16 Type-II codebooks was only allowed on PUSCH, with the exception of supporting semi-persistent on PUCCH reporting of Part 1 only of Type-II codebook. In our understanding, the motivation behind restricting PUCCH reporting of CSI corresponding to legacy Type-II codebook is due to the substantial CSI feedback overhead of Type-II codebooks. However, Rel. 17 Type-II port selection codebook seems to deviate from this norm due to its potentially lower CSI feedback overhead, thanks to exploiting the uplink-downlink channel reciprocity. For example, for a port-selection codebook with L=2, M=1, β=1/2, the UE would report up to 8 linear combination coefficients for Rank v=2 with 48 bits corresponding to coefficients quantization, indication of the strongest coefficients and the bitmap. In light of that, supporting CSI feedback of Rel. 17 port-selection codebook should be studied, at least for codebook parameter combinations that yield substantially low CSI feedback overhead.
Study PUCCH reporting of CSI feedback corresponding to Rel. 17 port-selection codebook for some codebook parameter combinations that yield low CSI feedback overhead
· FFS: codebook parameter combination values that support PUCCH reporting 
Conclusion
This contribution addressed CSI enhancements for NR Rel. 17, including enhancements for NCJT as well as CSI enhancements under FDD channel reciprocity in FR1. 
For CSI enhancements for NCJT multi-TRP, we have the following observations:
1. No clear justification of using dynamic indication of the selected CMRs for CSI reporting
1. PMI/RI sharing approach is matched with the notion of CMR reuse between NCJT and single-TRP transmission hypotheses
1. Agreeing on CSI report priority for Option 1, X=1, 2 is necessary to characterize the UCI payload generation for multi-TRP CSI
1. The Rel. 15/16 CSI report priority function is not compatible with the multi-TRP CSI framework where multiple CSI reports can be associated with the same CSI reporting configuration
Based on the observations above, we have reached the following conclusions for CSI enhancements under NCJT:
1. Support Alt3 for CMR reuse, with a single configuration parameter enabling CMR reuse for single-TRP for the configured NZP CSI-RS resources
1. Support the pair (Ks, N) = (2,1) as mandatory parameter values for multi-TRP transmission for FR1, and support the pair (Ks, N) = (4,1) as mandatory parameter values for FR2
1. Study dynamic signaling of selected CMRs for CSI Reporting as an optional UE feature
1. Reuse PMI, RI across NCJT and single-TRP hypotheses for CSI reporting under Option 1 with X=1, 2
1. Support higher-layer configuration indication of PMI/RI sharing
1. For PMI/RI sharing, CPU occupation is similar to Option 2 with X=0 with NCJT CSI reporting
1. A CSI report corresponding to single-TRP hypothesis has higher priority compared with a CSI report corresponding to NCJT hypothesis
1. For a CSI reporting configuration with X=2 single-TRP CSI reports, ties must be broken between the two single-TRP CSI reports to prioritize one CSI report over the other, e.g., based on associated CSI-RS Resource ID
1. A CSI report is defined for each CSI hypothesis, i.e., different CSI hypotheses correspond to different CSI reports
1. Reuse legacy RI restriction format for NCJT, such that an RI restriction applies to the total number of layers transmitted from the TRP(s) for a given transmission hypothesis
Two CBSR configurations are used for NCJT, such that each CBSR configuration applies to a specific TRP 
For CSI enhancements under FDD channel reciprocity in FR1, we have the following observations: 
1. When the number of FD basis indices M exceeds one, the reciprocity-based error term is expected to diminish with the number of CSI-RS ports
1. The reciprocity-based error term would increase when taking channel imperfections in real-world scenarios into account, e.g., mismatch in path delays and angles of arrival values between uplink and downlink channels
1. For a precoder whose per-layer precoders are quasi-orthogonal, since the codebook parameters of a given layer depend on the codebook parameters of the prior layers, the FD basis indices selection should be carried out by the UE
1. The Rel. 17 codebook structure W=W1W2WfH agreed in RAN1#104-e is generic and can support different frequency compression parameter values M ≥1
1. Replacing the reserved state of the reference amplitude quantization values with a small value, e.g., Alt2 with (1/2)^(15/4), will have negligible impact on performance
1. The advantages of using a bitmap diminishes when either the number of codebook coefficients diminishes, or the number of quantized coefficients approaches the total number of coefficients
Based on the observations above, we have reached the following conclusions for CSI enhancements under FDD channel reciprocity in FR1:
1. Do not further restrict the supported number of CSI-RS ports for the Rel. 17 port-selection codebook configured with M=2
1. Confirm the working assumption on window design: a layer-common, window-based approach is used to configure the FD basis indices for all layers, where the set of FD basis indices is contiguous, and whose size are higher-layer configured
1. Support UE-selected FD basis indices that are reported for each layer from a layer-common network-configured window
1. Support Alt1: Wf OFF and Wf ON with M=1 are same, and Wf is an all-one vector of length N3. Wf as an all-one vector of length 1 is not needed
1. The strongest coefficient indicator is based on the order of coefficients (whether zero or non-zero) in the bitmap, using log2(K1M) bits per layer
1. Support Alt1 for reserved state of reference amplitude quantization values
1. A bitmap is not reported for Rel. 17 port selection codebook when most coefficients are quantized, i.e., β=1, or the number of coefficients is small, e.g., K1M ≤ δ, FFS: value of δ 
1. Support up to Rank 4 for Rel. 17 Type-II port-selection codebook
1. Limit the support of R, i.e., the number of PMI sub-bands per CQI sub-band to one
1. Study whether rank-dependent K1 is supported for Rel. 17 port-selection codebook 
1. Study PUCCH reporting of CSI feedback corresponding to Rel. 17 port-selection codebook for some codebook parameter combinations that yield low CSI feedback overhead
· FFS: codebook parameter combination values that support PUCCH reporting
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