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

2. CSI Enhancement: Multi-TRP
1. 
2. 
2.1. CSI measurement
In the RAN1#105e meeting, we have the following agreement on default value of  [2]:
	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.



The minimum value of  should cover the baseline configuration to reflect minimum UE capability. It was agreed that Option 1 with  is UE optional. Besides, support of Option 1 and support of Option 2 should be independent UE capabilities. Thus, as Option 1 with  requires only 2 NZP CSI-RS resources for channel measurement, it is natural that  for both FR1 and FR2.

Proposal 1: Support Alt. 2:  for minimal supported value in UE capability reporting.



In the RAN1#105e meeting, we agreed to study the following [2]:
	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




In R15/R16, there is no MAC-CE update within a CSI reporting setting. Instead, gNB can configure multiple CSI reporting settings to allow different configurations for CMRs or for their TCI states. For aperiodic CSI, the aperiodic CSI trigger state can be used to indicate a desired parameter setting and the trigger states can already be updated by MAC-CE in R15. For semi-persistent CSI, the desired parameter setting can be activated by DCI scrambled by SP-CSI-RNTI. Besides, TCI states for semi-persistent CMRs can already be updated using MAC-CE in R15. Similarly for R17, for each CSI reporting setting, gNB can configured different CMR pair(s) for NCJT, CMR(s) for single-TRP, and different values of X. The current CSI framework is sufficient for gNB to perform dynamic updating. It is up to gNB implementation to consider tradeoff between scheduling flexibility and RRC signaling overhead. Thus, in R17 there is no need to introduce dynamic updating within a CSI reporting setting.
Proposal 2: Dynamic updating for parameters within a CSI reporting setting is not supported.
In the RAN1#105e meeting, we have the following agreement on configuration of single-TRP measurement hypotheses [2]:
	Agreement 
For CSI measurement associated with a CSI-ReportConfig for NC-JT, down-select one or more Alts 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. 



First, Alt. 3 and Alt. 4 are alternatives to configure CMR sharing. When CMR sharing is enabled, Alt. 3 requires only one bit, but Alt. 4 requires duplicated signaling of the same CMR ID. Since CMR sharing is expected to be heavily used in FR1, Alt. 3 is more attractive as it has a smaller signaling overhead. 

As for Alt. 2, it has the feature to select a subset of single-TRP measurement hypotheses. By incorporating signaling by MAC-CE, gNB can flexibly modify the used set of single-TRP measurement hypotheses.  However, as mentioned in the previous discussions, it can also be achieved by configuring multiple CSI reporting settings. Then, when subset configuration is not considered, Alt. 2 actually requires a higher overhead than Alt. 3.  

Proposal 3: Support Alt. 3: RRC signaling to enable/disable single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement hypothesis.

2.2. CSI reporting/processing
In the RAN1#104e meeting, we have the following agreements on CSI reporting [4]:
	Agreement
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, support following two options:
· Option 1: the UE can be configured to report X CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis
· X = 0, 1, 2
· If X=2, two CSIs are associated with two different single-TRP measurement hypotheses with CMRs from different CMR groups
· Support of X=1,2 is UE optional for the UE supporting option 1
· FFS omission of CSI associated with NCJT measurement hypothesis
· Option 2: the UE can be configured to report one CSI associated with the best one among NCJT and single-TRP measurement hypotheses
· FFS how to report recommended measurement hypothesis associated with that CSI report



It was also agreed in the RAN1#104-e meeting that single CRI is reported for Option 2 where CRI bit size depends on total number of valid CMR pairs for NCJT measurement hypothesis and valid CMRs for single-TRP measurement hypotheses. Therefore, gNB can deduce from the reported CRI whether the UE reports a single-TRP measurement hypothesis or an NCJT measurement hypothesis. Then, as a single-part CSI or CSI part 1 should have a fixed payload, the RI field should have a fixed payload with different interpretations, e.g., 1, 2, 3, 4 for single-TRP and (1, 1), (1, 2), (2, 1), (2, 2) for NCJT.
Proposal 4: For Option 2, the RI field of a CSI report is shared by single-TRP and NCJT measurement hypotheses with a fixed payload size. 
In the RAN1#105e meeting, it was agreed to further study CSI prioritization [2]:
	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. 



First, it is desirable to have finer granularity for CSI omission so that gNB can at least acquire some partial CSI that are useful for scheduling. Second, considering limited schedule for R17, minimum specification impact is preferable. We propose that each CSI measurement hypothesis is mapped to a distinct CSI report. Comparing with mapping all hypotheses to a single CSI report, RAN1 does not need to further discuss how to divide the CSI into groups and then design new CSI omission rules accordingly.    
Proposal 5: For Option 1 with X = 1, 2, each CSI measurement hypothesis is mapped to a distinct CSI report.
Then, the CSI priority formula needs to be updated. The following two CSI priority formulas are reasonable to us: Either
,
or 
,
where  for the NCJT measurement hypothesis,  for the first single-TRP measurement hypothesis, if reported, and  for the second single-TRP measurement hypothesis, if reported.  is the number of CSI reports in a CSI reporting setting. If UE is configured to report one single CSI report for a CSI reporting setting, then  and .
Proposal 6: The CSI priority formula is updated as: Either
,
or 
,
where  for the NCJT measurement hypothesis,  for the first single-TRP measurement hypothesis, if reported, and  for the second single-TRP measurement hypothesis, if reported.  is the number of CSI reports in a CSI reporting setting. If UE is configured to report one single CSI report for a CSI reporting setting, then  and .
In the RAN1#105e meeting, it was agreed to further study the following aspects [2]:
	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



Since it was agreed to support a joint RI field for an NCJT measurement hypothesis, it is natural that RI restriction is supported across TRPs. When the maximal transmission layers is less than or equal to 4, we can have a 4-bit bitmap  associated with (1, 1), (1, 2), (2, 1), (2, 2), respectively. If , PMI and RI reporting are not allowed to correspond to any precoders associated with the RI combination (i, j).
Restricting attention to Type-I single-panel codebook, it is not needed to support codebook subset restriction (CBSR). First, it is not expected that in practice NCJT would be used with only 2 antenna ports. Second,  typeI-SinglePanel-codebookSubsetRestriction-i2 is designed for semi-open loop transmission, but semi-open loop transmission and NCJT target different applications and it is not expected to configure both in the same CSI reporting setting.
Proposal 7: If supported, RI restriction is applied across TRPs by enabling/disabling each supported RI combination. 
Proposal 8: At least for Type-I single-panel codebook, CBSR configuration is not supported for NCJT CSI measurement.
As we propose that each reported measurement hypothesis is mapped to a distinct CSI report with a given priority, the existing CSI updating rule can be reused. For Option 1 with , even if there are not sufficient CPUs to calculate all measurement hypotheses, the remaining CPUs may be enough to calculate some of the measurement hypotheses.
Proposal 9: The existing R15 CSI updating rule to address CPU overbooking can be reused.
NCJT CSI requires to calculate 2 PMIs. Since the inter-layer interference needs to be considered, the PMI calculation cannot be performed independently through parallel computing. Joint PMI calculation requires higher implementation complexity and sequential PMI calculation has higher latency. Thus, as UE vendor we prefer to introduce relaxed CSI computation delay requirement for NCJT CSI calculation. As internal evaluation is still in progress, we prefer that the details are not discussed until the RAN1#107e meeting.
Proposal 10: New relaxed CSI computation delay requirement is introduced for NCJT CSI calculation.
Finally, we discuss wideband CSI reporting. If the channels are not frequency selective, then wideband CSI reporting is sufficient and has lower reporting overhead. Thus, wideband CSI reporting should be supported for NCJT CSI measurement as well. For Option 1, as we support that each measurement hypothesis is mapped to a distinct CSI report, the existing R15 design can be directly reused. 
Now we consider Option 2. For CSI reporting on PUSCH, all CSI is split into two parts. Since Part 2 CSI can have variable size and PMI is carried on Part 2 CSI, the existing design on PMI reporting can be followed. On the other hand, NR supports single-part CSI for Type I CSI with wideband frequency granularity on PUCCH formats 2, 3, 4. To minimize specification impact, we propose to reuse the existing design by adding an additional PMI field. The additional PMI field is not used by the single-TRP measurement hypothesis, if reported. 
Proposal 11: Wideband CSI reporting on PUSCH and on PUCCH formats 2, 3, 4 are supported for NCJT CSI measurement. For Option 2, an additional PMI field is included in the single-part CSI, which is only used by the NCJT measurement hypothesis, if reported.
In the RAN1#105e meeting, it was agreed to further study PMI/RI sharing between NCJT CSI and single-TRP CSI(s) [2]:
	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



First, it is reasonable to assume that NCJT is mostly used in a scenario where one TRP and its channel to UE can hardly support more than two layers. Then, if it is known beforehand that the inter-layer interference is small, e.g., through L1-SINR reporting, it is reasonable to have PMI/RI sharing as PMI can be independently determined with acceptable loss of optimality and the case that RI is larger than two would be a rare event when NCJT is used. Given that the performance can be guaranteed, PMI/RI sharing can greatly save the feedback overhead.
It is unreasonable that CMR(s) used in an NCJT measurement hypothesis and a single-TRP measurement hypothesis can be different but they share the same PMI/RI. Thus, we prefer that PMI/RI sharing is only supported for Option 1 with . If a CSI report consists of two parts, then the CQI for single-TRP measurement hypotheses can be transmitted on Part 2 CSI.
Proposal 12: PMI/RI sharing is supported for Option 1 with . CQI for single-TRP measurement hypotheses can follow the existing R15 design for the CQI for the second codeword.
Finally, the current consensus is that NCJT will not co-exist with MU-MIMO on the same time-frequency resource and it was agreed that NZP IMR cannot be configured with an NCJT measurement hypothesis. Since Type II CSI codebooks are mostly beneficial for MU-MIMO, NCJT CSI does not need to support Type II CSI codebooks. By contrast, non-PMI based port-selection should be supported for NCJT to benefit from channel reciprocity, where the precoding matrices are determined based on SRS. 

Proposal 13: Non-PMI based port-selection is supported when NCJT measurement hypotheses are configured in a CSI reporting setting.


3. CSI Enhancement: FR1 FDD Reciprocity
In the RAN1#105-e meeting, the following agreements were made for Rel-17 port selection codebook enhancement in FR1 FDD [2]:
	Agreement
1. For Rel-17 port selection codebook, the maximal value of CSI-RS port number P as Pmax is 32.
2. A polarization-specific bitmap for indication non-zero coefficients should be supported for W2.
3. 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
· 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
4. 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
5. 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
6. 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
7. 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
8. At least for rank 1 and for Mv>1, Minit for the single window with size N is fixed to be 0
9. 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.
10. Support rank 2 for Rel-17 codebook
11. 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.
i. If PMI format is SB, Wf  is an all-one vector of length N3 
1. Informative note: this case is considered as “Wf ON with Mv=1” in the agreement in RAN1 104e
ii. If PMI format is WB, Wf is an all-one vector of length 1, i.e., a scalar 
1. 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.

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



In this correspondence, we provide our views on the remaining design issues in each of the three matrices -  and  of the Rel-17 port selection (PS) codebook (CB). Based on the discussion so far, we also provide some initial views on the parameter combinations that can be possibly supported for the Rel-17 PS CB.
3.1. Issues in 
In this subsection, we present our views on the following remaining issues about the design of 
i. Restriction on the use of  based on the number of CSI-RS ports 
ii. Need for  (e.g. ) when the number of CSI-RS ports is small
iii. Relation between , the number of DFT basis vectors configured to the UE and , the number of DFT basis vectors reported by the UE
iv. Whether to confirm WA of consecutive FD bases
Towards this, we present the simulation results for  and  CSI-RS ports in Fig. 1. The simulation assumption follows the agreed EVM assumption in RAN1 #102-e meeting [5].  antenna ports are used at the gNB and 2 antenna ports are used at the UE. The detailed assumptions are shown in Appendix. The baseline performance in each case is R16 Type II PS codebook with paramCombination-r16 = 1. Traffic load with 70% RU and SU/MU-MIMO adaptation with up to rank 2 is adopted. In all cases, CSI-RS is transmitted every 5ms whenever there is an active user. The average CSI-RS overhead per cell per 5ms is calculated by normalizing the total number of CSI-RS ports, which is the total number of active users times the number of CSI-RS ports per user, by the number of cells and CSI-RS periodicity. The obtained average CSI-RS overhead is taken into account for throughput calculation.
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 (a) 	   (b)       (c) 
Fig.1 UPT gain of Rel-17 PS CB for  and  CSI-RS ports

We consider , which implies that  is an identity matrix. For the quantization of coefficients in , we assume the baseline scheme of Rel-16.  of the  coefficients are assumed to be non-zero, and the values  are considered for simulation. The non-zero coefficients are indicated by a polarization specific bitmap of size . The  SD-FD bases are estimated jointly at the gNB from oversampled DFT basis for SD and regular DFT basis for FD using the uplink channel measured from SRS. The  precoder for a  port CSI-RS in PMI subband  is of the form

where  are the indices of the  dominant SD, FD bases  and  respectively. The granularity (length) of FD bases is , where   is the number of CQI subbands, and  is the number of PMI subbands per CQI subband.  and CSI-RS density = 1 is considered for the simulation. For , a window of  DFT basis vectors starting from 0 are configured to the UE.
The same  is used for both the cases of  and , so that when   SD-FD components are measured by the UE and when ,  SD-FD components are measured by the UE. The feedback overhead consists of the layer common port selection bits, the layer specific bitmap, strongest coefficient indicator, reference amplitude of the weaker polarization, and the remaining quantized linear combination coefficients, so that the total overhead is given by
[bookmark: _GoBack]
The simulation results show that the performance gain of  over  goes on diminishing as the number of CSI-RS ports increases (3~4 % with 8 ports to ~1% with 12 ports to none with 16 ports). The main reason for this is that the additional configured FD basis measures additional FD components in the same SD basis. These additional FD components do not convey any new information about the channel separation in spatial domain, which is key to MIMO performance, than what is obtained from precoded CSI-RS. Besides, the incremental performance gain is obtained at the cost of a large feedback overhead.
Observation 1: The performance gain of  over  goes on diminishing as the number of CSI-RS ports increases. The incremental performance gain is obtained at the cost of a large feedback overhead.
Proposal 14: Restrict the configuration of  to number of CSI-RS ports 
With , the simulations further show that there is no performance gain over  for . About 4~5 % performance gain with 8 ports is obtained with a 4x increase in the feedback overhead. For , performance starts to degrade with . The main reason for this degradation is the repeated measuring of some SD-FD components which we explain with a simple example below.
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Fig. 2 SD-FD pairs and configuration of additional FD bases

Suppose the gNB determines 8 dominant SD,FD pairs for transmitting an 8 port CSI-RS as labeled in the leftmost figure from 1 through 8. Assume that the gNB uses the same SD-FD pairs for CSI-RS precoding and configures an additional FD basis, DFT basis 1, to the UE. The SD,FD components now measured by the UE consist of the red colored components corresponding to DFT basis 0 and green colored components corresponding to DFT basis 1. Among these, we see that the orange colored component (SD5, FD2) is erroneously measured and reported twice by the UE. The first of these measurements corresponds to CSI-RS port 6 + FD basis 0 and the second corresponds to CSI-RS port 5 + FD basis 1. This affects the PMI reconstruction accuracy and causes performance degradation. With , the number of such components erroneously reported increases, as shown in the rightmost figure, causing further performance degradation.
Although a smarter gNB implementation may solve this issue for , the assumption of the same  (same SD-FD pairs) for  and  allows a fair comparison. Also, the feedback overhead and UE complexity (of computing SVD of dimensions ) with  is large in comparison to the incremental performance gain, irrespective of the gNB procedure.
Observation 2: The performance gain for  is modest in comparison to the feedback overhead and UE computational complexity.
Proposal 15:  is not needed for the Rel-17 PS codebook for any number of CSI-RS ports.
The next issue is about the relation between  and , for which we show the simulation results for 12 and 16 CSI-RS ports in Fig. 3. For the case when , layer common FD basis selection and reporting is done.
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(a) 		  			    (b) 
Fig.3 UPT gain of Rel-17 PS CB for  and  CSI-RS ports, with  and 

The results show that having  does not provide any performance gain over , for layer common FD basis selection. In our results, we observe that layer specific selection performs quite poorly, although it is a UE implementation issue and may be improved. Even then, the UE complexity associated with layer specific selection (e.g. computation of SVD of dimensions  and layer-wise selection) is high.
Observation 3: There is no performance gain of  over  with layer common FD basis selection.
Observation 4: The UE complexity associated with layer specific FD basis selection is high.
Proposal 16: For the relation between  and , support  as the first preference. As a second preference, support  with layer common FD bases selection. For the candidate values of ,  is sufficient.
The next issue we would like to address is the WA of consecutive DFT bases configured in . Towards this, we conduct simulations for two subband sizes, 8 and 16, which yield  and  respectively. The results are shown in Fig.4 below.
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  			(a) 		   (b) 
Fig.4 UPT gain of Rel-17 PS CB for  CSI-RS ports, with  and .
It is observed that for both the subband sizes, window based (consecutive) and free (consecutive/non-consecutive) configuration of  perform within 1~3 % of each other, with the performance slightly favoring the window based  when the subband size increases. This is due to the fact that with higher subband size, the dominant FD bases (delays) are resolved in consecutive subbands. The window based configuration is favorable from a DL signaling viewpoint as well.
Observation 5: Consecutive and free configuration of FD bases in  perform close to each other for most subband sizes.
Proposal 17: Support the confirmation of RAN1 #105-e WA that the FD bases used for  quantization are limited within a single window with size  configured to the UE.
3.2. Issues in 
In this subsection, we provide our views on the following remaining issues about the design of 
i. Candidate values of compression coefficient 
ii. Whether and/or how to support strongest coefficient indicator (SCI)
The results in Fig. 1 for  show that when , the performance is poor when number of CSI-RS ports is less. When the number of CSI-RS ports (or ) is for example 12 or more,  can help provide a good UPT-overhead tradeoff. The results also show that for the same feedback overhead, having  provides a better performance than . This implies that for , low values of  are not so useful.
Observation 6: For the cases when the number of CSI-RS ports  (or number of selected ports ) is less than 16 or , configuration of  is not useful from a performance-overhead tradeoff point view.
Proposal 18:  can be supported when the number of CSI-RS ports  (or number of selected ports ) is equal to or more than 16 or when .
For the issue of supporting a strongest coefficient indicator, we prefer to retain the same design principle as Rel-16 eType II codebook. That is, the strongest coefficient can be indicated by  bits, which makes it independent of the bitmap and enables it to be placed in a higher priority group than the bitmap for UCI omission. Similar to Rel-16 eType II CB, we also prefer a mechanism to shift the strongest coefficient to the zeroth FD basis. If  is eventually agreed, an FD indicator is needed, and in this case, having the strongest coefficient in the zeroth FD basis helps to have a robust CSI report when UCI of FD indicator is omitted. When , the shifting operation may not be needed.
Proposal 19: SCI should be supported in Rel-17 PS CB and indicated using  bits. Shifting of the strongest coefficient to the zeroth FD basis can be supported if   is agreed.
3.3. Issues in 
The remaining issue in  design is the down selection of the candidate values of , the number of UE selected ports. Towards this, we present simulation results for various values of  for 8 port and 16 port CSI-RS in Fig. 5. The results show that for very low values of  in relation to , the performance of Rel-17 PS CB is quite poor. The main reason for this is that low values of  select very few SD-FD pairs, by which the channel cannot be represented accurately.
Observation 7: For Rel-17 PS CB, very low values of  in relation to  provide poor performance due to very few SD-FD pairs in the channel being selected.
A better way to support candidate values of  will be to parameterize it as , where the values of  could be chosen among .
Proposal 20: Parameterize  as , and support candidate values of .
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Fig.5 UPT gain of Rel-17 PS CB for , 16 CSI-RS ports, with varying values of 

3.4. Views on parameter combinations
In this subsection, based on the simulation results and arguments presented so far, we provide our preliminary views on the parameter combinations (PC) that could be supported for the Rel-17 PS CB.
Due to the three stage structure of the Rel-17 PS CB, , which can be generalized to the two stage structure with  turned OFF, it is natural to think that the CB has a triplet of parameters, one for each of the matrices ,  and . The corresponding parameters for the three matrices are the port selection coefficient , compression coefficient , and number of FD basis vectors  respectively.
Proposal 21: Support a triplet of parameters  for the Rel-17 PS CB.
In Table I, we provide a possible list of parameter combinations for further discussion and down selection depending on views from other companies and support for more than 2 layers. The combinations 1 through 8 are for the case when  is turned OFF, and combinations 9 through 12 are for the case when  is turned ON. Also, following the WA from RAN1 #104bis-e [3], the combinations 9 to 12 are optional to the UE.

	PC
	
	
	

	1
	¾
	¼
	1

	2
	1
	¼  
	1

	3
	¾
	½ 
	1

	4
	1
	½ 
	1

	5
	¾
	¾  
	1

	6
	1
	¾  
	1

	7
	¾
	1
	1

	8
	1
	1
	1

	9
	¾ 
	¾ 
	2

	10
	¾ 
	1
	2

	11
	1
	¾ 
	2

	12
	1
	1
	2


Table I: Parameter Combinations

Following Proposal 18 to support  only when number of CSI-RS ports  or  and not otherwise, the parameter combinations 1 and 2 should not be configured when the number of CSI-RS ports 
Further, following Observation 6, the parameter combinations 9 to 12 correspond to the high overhead regime for which   and  may not useful from a performance viewpoint. Also, following Proposal 14, the combinations 9 to 12, if supported by the UE, may not be configured when the number of CSI-RS ports .
4. Conclusion
In summary, based on the above discussion we have the following observations and proposals:
Observation 1: The performance gain of  over  goes on diminishing as the number of CSI-RS ports increases. The incremental performance gain is obtained at the cost of a large feedback overhead.
Observation 2: The performance gain for  is modest in comparison to the feedback overhead and UE computational complexity.
Observation 3: There is no performance gain of  over  with layer common FD basis selection.
Observation 4: The UE complexity associated with layer specific FD basis selection is high.
Observation 5: Consecutive and free configuration of FD bases in  perform close to each other for most subband sizes.
Observation 6: For the cases when the number of CSI-RS ports  (or number of selected ports ) is less than 16 or , configuration of  is not useful from a performance-overhead tradeoff point view.
Observation 7: For Rel-17 PS CB, very low values of  in relation to  provide poor performance due to very few SD-FD pairs in the channel being selected.
Proposal 1: Support Alt. 2:  for minimal supported value in UE capability reporting.
Proposal 2: Dynamic updating for parameters within a CSI reporting setting is not supported.
Proposal 3: Support Alt. 3: RRC signaling to enable/disable single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement hypothesis.
Proposal 4: For Option 2, the RI field of a CSI report is shared by single-TRP and NCJT measurement hypotheses with a fixed payload size. 
Proposal 5: For Option 1 with X = 1, 2, each CSI measurement hypothesis is mapped to a distinct CSI report.
Proposal 6: The CSI priority formula is updated as: Either
,
or 
,
where  for the NCJT measurement hypothesis,  for the first single-TRP measurement hypothesis, if reported, and  for the second single-TRP measurement hypothesis, if reported.  is the number of CSI reports in a CSI reporting setting. If UE is configured to report one single CSI report for a CSI reporting setting, then  and .
Proposal 7: If supported, RI restriction is applied across TRPs by enabling/disabling each supported RI combination. 
Proposal 8: At least for Type-I single-panel codebook, CBSR configuration is not supported for NCJT CSI measurement.
Proposal 9: The existing R15 CSI updating rule to address CPU overbooking can be reused.
Proposal 10: New relaxed CSI computation delay requirement is introduced for NCJT CSI calculation.
Proposal 11: Wideband CSI reporting on PUSCH and on PUCCH formats 2, 3, 4 are supported for NCJT CSI measurement. For Option 2, an additional PMI field is included in the single-part CSI, which is only used by the NCJT measurement hypothesis, if reported.
Proposal 12: PMI/RI sharing is supported for Option 1 with . CQI for single-TRP measurement hypotheses can follow the existing R15 design for the CQI for the second codeword.
Proposal 13: Non-PMI based port-selection is supported when NCJT measurement hypotheses are configured in a CSI reporting setting.
Proposal 14: Restrict the configuration of  to number of CSI-RS ports 
Proposal 15:  is not needed for the Rel-17 PS codebook for any number of CSI-RS ports.
Proposal 16: For the relation between  and , support  as the first preference. As a second preference, support  with layer common FD bases selection. For the candidate values of ,  is sufficient.
Proposal 17: Support the confirmation of RAN1 #105-e WA that the FD bases used for  quantization are limited within a single window with size  configured to the UE.
Proposal 18:  can be supported when the number of CSI-RS ports  (or number of selected ports ) is equal to or more than 16 or when .
Proposal 19: SCI should be supported in Rel-17 PS CB and indicated using  bits. Shifting of the strongest coefficient to the zeroth FD basis can be supported if   is agreed.
Proposal 20: Parameterize  as , and support candidate values of .
Proposal 21: Support a triplet of parameters  for the Rel-17 PS CB.
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Appendix
SLS assumptions for FR1 FDD reciprocity
	Parameter
	Value

	Duplex, Waveform 
	FDD, OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Dense urban macro 

	Frequency Range
	2 GHz with duplexing gap of 200 MHz between DL and UL

	Inter-BS distance
	200 m 

	Channel model
	Based on TR 38.901 with the reciprocity model of DL/UL channel in Section 5.3 of TR 36.897

	Antenna setup and port layouts at gNB
	32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 
100 deg subarray downtilt (zenith angle)

	Antenna setup and port layouts at UE
	2RX: (1,1,2,1,1,1,1)

	BS Tx power 
	44 dBm

	BS antenna height 
	25 m 

	UE antenna height & gain
	According to TR36.873 

	UE receiver noise figure
	9 dB

	Modulation 
	Up to 256QAM 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Simulation bandwidth 
	20 MHz 

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	MIMO scheme
	SU/MU-MIMO adaptation with up to 2 rank 

	CSI feedback 
	CSI feedback periodicity:  5 ms 
Scheduling delay: 4 ms

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	70% 

	UE distribution
	80% indoor (3km/h), 20% outdoor (30km/h) 

	UE receiver
	MMSE-IRC 

	Baseline for performance evaluation
	Rel-16 PS eTypeII 

	SRS modeling for UL channel estimation
	SRS periodicity = 5 ms
SRS error modelling according to Table A.1-2 in TR 36.897 with Δ = 9 dB
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