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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. Interference measurement
In the RAN1#104bis-e meeting, we have the following agreement on interference measurement for NCJT [2]:
	Agreement
Whether to support interference measurement based on NZP CSI-RS outside the CMR pair configured for NCJT measurement hypothesis, in addition to CSI-IM, study following Alternatives and down-select one Alternative in RAN1#105e:
· Alt 1: Yes, it is supported, subject to limitations, e.g. N=1 CMR pair and Ks=2 CMR resources
· Alt 2: No, it is not supported



We do not see a strong need of joint operation of multi-TRP with NCJT and MU-MIMO, so it suffices to support interference measurement based on CSI-IM given by csi-IM-ResourcesForInterference in order to tackle inter-cell interference. However, the accompanying single-TRP measurement hypotheses can still be used for MU-MIMO, so it is still desirable to configure NZP IMR for them.

Proposal 1: Interference measurement based on NZP CSI-RS outside the CMR pair configured for NCJT measurement hypothesis is not supported.
Proposal 2: NZP IMR can be configured for each single-TRP measurement hypothesis in a CSI reporting setting with NCJT CSI measurement.


TS 38.214 says that “For CSI measurement(s) other than L1-SINR, a UE assumes each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer.” That is, UEs assume the measured interference as is without any additional assumption, e.g., on precoders. Since for NCJT a UE can assist the gNB determining precoders for each TRP, technically all layers from an NCJT transmission are desired signals, rather than interference. With or without IMR, so long as UEs reports an RI larger than one, there is naturally inter-layer interference. How to interpret CMRs associated with different TRPs/TCI states should be up to UE implementation, similar to R15/R16 on inter-layer interference. 

Proposal 3: How to interpret the two CMRs configured for an NCJT measurement hypothesis can be up to UE implementation.

In the RAN1#104bis-e meeting, we agreed to further study CSI-IM sharing [2]:
	Agreement 
The UE may assume that QCL-Type D of CMRs associated with a NCJT measurement hypothesis are applied to the corresponding CSI-IM resource.
For future meetings:
Companies to study whether a CSI-IM can be referred by both NCJT and Single-TRP measurement hypotheses. Consider following Alternatives and FR1/FR2 differentiation:
· Alt 1: CSI-IM can be shared by both NCJT and Single-TRP measurement hypotheses.
· Alt 2: 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



Assuming the purpose of CSI-IM is solely to measure inter-cell interference, in FR1 a CSI-IM can actually be shared by all NCJT and single-TRP measurement hypotheses since the measurement process does not depend on the CMR configuration. In FR2, if the UE assumes the same Rx spatial filters for an NCJT measurement hypothesis and the accompanying single-TRP measurement hypotheses and a UE can enable two panels for interference measurement, then the CSI-IM can be shared by both NCJT and single-TRP measurement hypotheses. Thus, CSI-IM can be shared in FR1 and up to UE implementation in FR2. A UE capability can be introduced to indicate whether CSI-IM can be shared in FR2. 

Proposal 4: CSI-IM can be shared by both NCJT and single-TRP measurement hypotheses in both FR1 and FR2 but subject to UE capability for FR2.

[bookmark: _GoBack]For FR2, indeed there can be room for performance enhancement if different receive spatial filters can be applied for NCJT and the associated single-TRP hypotheses. Since it can be considered as optimization, we should aim for the best performance by applying Option 1, i.e., reporting the best NCJT measurement hypothesis and the best single-TRP hypothesis. However, in this case different CMRs need to be configured and thus we cannot have the overhead saving by reusing CMRs. Thus, we may well just configure Option 1 with X = 0 and separately configure another CSI report for the best single-TRP hypothesis.

Proposal 5: If UE reports incapable of CSI-IM and/or NZP CSI-RS reference by both NCJT and single-TRP in FR2, then gNB only configures Option 1 with X = 0 for NCJT CSI.

2.2. CMR sharing
For the following discussion, we assume that for NCJT operation in FR2, UE has two activated panels, one aiming for each of the two TRPs.
In the RAN1#104bis-e meeting, we have the following agreement on CMR sharing between two NCJT measurement hypotheses [2]:
	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, study following Alternatives and down-select one Alternative in RAN1#105-e:
· Alt 1: It is feasible for FR1 but not for FR2.
· Alt 2: It is feasible for both FR1 and FR2 but subject to further UE capability for FR2.



For channel measurement in FR2, three Rx spatial filters  are needed to measure CMRs a, b, m, respectively. In the meantime, these Rx spatial filters needs to be used for interference measurement. If the NZP CSI-RS resource m can be referred by two CMR pairs (m, a) and (m, b) configured for NCJT measurement hypotheses, then we need to apply all three Rx filters: Apply  for channel measurement and  for interference measurement. Assuming only one Rx filter can be applied on a panel at a time, it is infeasible if the UE is equipped with only two panels. Furthermore, even if a UE is equipped with three panels, two of them need to be quasi co-located so that the measurement from one panel can be applied to another panel. Due to all the above limitations, CMR sharing between two CMR pairs should be considered as infeasible in FR2.
Proposal 6: An NZP CSI-RS resource m can be referred by two CMR pairs (m, a) and (m, b) configured for NCJT measurement hypotheses in FR1 but not in FR2.
Besides, we have the following agreement on CMR sharing between an NCJT measurement hypothesis and a single-TRP hypothesis:
	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, study following Alternatives and down-select one Alternative in RAN1#105e:
· Alt 2: It is feasible for FR1 but it is not for FR2. For FR2, the UE is expected to have different NZP CSI-RS resources configured for all CMRs of Single-TRP and NCJT measurement hypotheses respectively.
· Alt 3: 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.



Again, we denote by  the Rx spatial filters to measure CMRs a, m, respectively. In FR2, if the two activated panels of the UE are not quasi co-located, then usually only one of the two panels can receive signals from a TRP well. Thus, the UE may decide to always apply only one panel for single-TRP operations for the ease of implementation. On the other hand, for the ease of implementation or possibly due to marginal gain from different Rx spatial filters, the UE may apply the same Rx spatial filter for both the NCJT and single-TRP hypotheses. In this way, as long as the UE has two activated panels, an NZP CSI-RS resource m can be referred by both the CMR pair (m, a) configured for NCJT measurement hypothesis and the CMR m configured for single-TRP measurement hypothesis. In particular, the UE applies the filter  on one panel to measurement the NZP CSI-RS resource m for channel measurement of both the NCJT and single-TRP measurement hypotheses. The UE applies the filter  on the other panel for interference measurement.
Proposal 7: An 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 in both FR1 and FR2 but subject to UE capability for FR2.
2.3. Priority rules
In the RAN1#104bis-e meeting, we have the following agreement on UE reporting mechanism [2]:
	Agreement
For the UE configured to report X CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis (i.e. Option 1), 
· Alt 1: X+1 CRIs are reported, whereas X CRIs are for single-TRP measurement hypotheses and one CRI is for NCJT measurement hypothesis.  Each CRI bit size depends on the corresponding number of either valid CMR pairs for NCJT measurement hypothesis or valid CMRs for single-TRP measurement hypotheses
· FFS: Whether the X+1 CRIs are reported jointly as one CSI report or as separate CSI reports.
Agreement 
For the UE configured to report X CSIs (at least when X>0) associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis, study following issues for potential CSI omission/priority/updating rules:
· Issue 1: Prioritize CSI with different measurement hypotheses within the single CSI report, when the UE is configured with CSI Option 1 with X=1 or 2.
· Issue 2: Omission of NCJT CSI in CSI part 2 depending on the corresponding CRI or RI or CQI in CSI part 



First, to facilitate CSI omission, it is better that the X+1 CRIs are reported as separate CSI reports.

Proposal 8: For Option 1, the X+1 CRIs are reported as separate CSI reports.

For X = 1, there are at least the following three alternatives:

Alt. 1: Only report the CSI associated with the best single-TRP measurement hypothesis
Alt. 2: Only report the CSI associated with the best NCJT measurement hypothesis
Alt. 3: Fall back to Option 2, i.e., report one CSI associated with the best one among NCJT and/or single-TRP measurement hypotheses

We note that the payload of Alt. 1 cannot be larger than Alt. 2 and 3, so there is no need to further consider the case where the CSI associated with the best NCJT measurement hypothesis cannot be accommodated but the CSI associated with the best single-TRP measurement hypothesis can. Thus, Alt. 1 is simpler and the gNB can at least get a CSI assuming no additional rules for Alt. 2 and 3.

Proposal 9: For Option 1 with X = 1, the CSI associated with the best NCJT measurement hypothesis has a lower reporting priority than the CSI associated with the best single-TRP measurement hypothesis.

For the case X = 2, the second best single-TRP hypothesis is less critical and thus should have the lowest priority.

Proposal 10: For Option 1 with X = 2, the following priority order should be adopted: best single-TRP → best NCJT → 2nd best single-TRP.

2.4. Multi-DCI based NCJT
In the RAN1#103e and RAN1#104e meeting, we have the following working assumption and agreement, respectively, for multi-DCI based NCJT [3][4]:
	Working Assumption
For CSI measurement for multi-DCI based NCJT, down select one of following two options:
· Option 1 (Explicit): CMRs corresponding to different TRPs can be associated with different reporting settings respectively, with the same configurations between two settings except for PUCCH/PUSCH resources and CMR/IMR resources setting(s)
· Option 2 (Implicit): a single CSI reporting setting associated with each TRP where a NZP CSI-RS is configured for interference measurement from another TRP
· FFS: how interference from CMR in the linked reporting settings in option 1 or from the NZP CSI-RS configured as IMR in option 2 is considered in CQI calculation
Following restrictions apply to both options:
· At least ‘typeI-SinglePanel’ codebook is supported 
· FFS: Other codebook types 
· Only ‘periodic’ and ‘semiPersistentOnPUCCH’ cases are supported;
· The number of ports of two CMRs associated to two reporting settings for NCJT CSI measurement are the same;
· The support of larger than 32 ports across two CMRs is optional for a UE supporting Rel. 17 mTRP CSI
Agreement
· Strive to agree at most one of the following options, if needed 
· 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
· The time of decision is RAN1#105e (May 2021)



First, if two PDSCHs are partially overlapped, which is usually an unintended behaviour due to insufficient coordination between two TRPs, then CSI measurement for the case of full overlap would be somewhat pessimistic. By contrast, if two TRPs can coordinate with each other to ensure two PDSCHs are either non-overlapped or fully overlapped, then CSI measurement for multi-DCI based NCJT can be useful. Since the mentioned level of coordination is foreseeable, the specification should support such a scenario.

Proposal 11: Support CSI measurement for multi-DCI based NCJT in R17, assuming the case of full overlap.

Next, we discuss how to realize CSI measurement for multi-DCI based NCJT. We observe that most RRC parameters can be identical for all measurement hypotheses, e.g., reportConfigType and reportQuantity. If multiple reporting settings are configured, then many parameters are unnecessarily repeated. Furthermore, bundling CSI report settings seems to require a new hierarchy on top of CSI-ReportConfig, which may further complicate the existing CSI framework. Thus, we prefer to use a single reporting setting for multi-DCI based NCJT.

Proposal 12: CSI measurement for multi-DCI based NCJT is configured in a single CSI reporting setting. The UE can be expected to report one RI, one PMI, one LI and one CQI per TRP, up to 2 TRPs.





3. CSI Enhancement: FR1 FDD Reciprocity

In RAN1 #104b-e, the following agreements were made for Rel-17 port selection codebook enhancement in FR1 FDD [2]:
	Agreement
1. For rank=1, polarization-common based free-selection should be supported for W1.
· FFS: Whether there is a need to restrict the number of CSI-RS ports for which this is supported
2. At least for rank 1, combinatorial coefficient is used for port selection for W1.
· FFS when Wf is turned off
3. Confirm following working assumption of Wf for R17 PS CB
· Support of Mv>1 is a UE optional feature if the UE supports Rel-17 PS codebook enhancement, taking into account UE complexity related to codebook parameters.
4. At least for rank 1, regarding the value(s) of K1 for port selection matrix W1 in NP*K1, study and down-select from the following candidate values of K1 and the maximal value of P in RAN1 105e
· K1 in {2,4,8,12,16,24,32} with K1 <= P
· The maximal value of P as Pmax, e.g.  32
· FFS: possible parameter combinations/dependence for K1 with other PS CB parameters, e.g. whether different candidate values of K1 should be configured for different ranks (if rank>1 is supported).
· FFS: Whether any value of K1 up to P can be supported for some codebook parameters 
· 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.
· Note: for polarization-specific based free-selection, it means select K1 ports out of P ports
· Note: P is the number of CSI-RS ports for port selection (whose value depends on the outcome of the CSI-RS related study)
5. A bitmap for indication non-zero coefficients should be supported for W2 with a compression coefficient beta<=1 whereas
· FFS values of beta < =1, e.g. 1/8, 1/4, 1/2, 3/4, 1
· FFS: whether/how such a bitmap can be absent for specific codebook configuration parameters
· FFS: whether a bitmap is polarization-common or polarization-specific whereas polarization-specific bitmap is the baseline
· FFS: possible parameter combinations/dependence for beta with other PS CB parameters
6. At least for rank 1, the FD bases used for Wf quantitation are limited within a single window/set with size N configured to the UE, study and down-select one Alternative in RAN1 105e:
· Alt 1: FD bases in the window must be consecutive from an orthogonal DFT matrix
· Alt 2: FD bases in the set can be consecutive/non-consecutive, and are selected freely by gNB from an orthogonal DFT matrix
· FFS: Applicable conditions: e.g. Wf turned ON/OFF and/or associated value of Mv
· FFS: Whether this applies when Wf is turned OFF
· Note that “at least for rank 1” does not imply for the support of rank 1 only in Rel-17 or restrictions of supporting/not supporting additional alternatives for higher rank.
7. At least for rank 1, for relationship between N and Mv, study and down-select one Alternative from following in RAN1#105e
· Alt 1: N= Mv always
· Alt 2: N >= Mv and FFS candidate value(s) of N, e.g. 2, 4
· FFS: applicable conditions: e.g. Wf turned ON/OFF and/or associated value of Mv
· FFS: Whether this applies when Wf is turned OFF
· Note that “at least for rank 1” does not imply for the support of rank 1 only in Rel-17 or restrictions of supporting/ not supporting additional alternatives for higher rank.
8. At least for rank 1, regarding the value(s) of R for Rel-17 PS codebook enhancement, study and down-select one or more than one Alternative (or a subset of corresponding values) in RAN1 105e:
· Alt 0:  R < 1 (e.g. 1/4, 1/2)
· Alt 1: R=1
· Alt 2: R=1 and 2
· Alt 3: R=1,2, 4, and 8
· Alt 4: R= {1,2,…, D*NPRBSB} whereas D is the density of CSI-RS in frequency domain
· FFS: applicable conditions: e.g. Wf turned ON/OFF and/or associated value of Mv
· FFS: Whether this applies when Wf is turned OFF
· Note that “at least for rank 1” does not imply for the support of rank 1 only in Rel-17 or restrictions of supporting/not supporting additional alternatives for higher rank.
9. For the quantization of W2 coefficient, study following Alternatives with Alt 1 as the baseline:
· Alt1: Reusing Rel-16 quantization mechanism for Rank 1 at least, which can be summarized as following:
· An indicator for the strongest coefficient
· 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
· For coefficients other than the strongest coefficient
· differential amplitude is calculated relative to the associated polarization-specific reference amplitude and quantized to 3 bits
· phase is quantized to 16PSK
· Alt1-1: the ref amplitude = 0 reserved in R16 can be replaced with a new value, e.g. (1/2)^(1/8), (1/2)^(3/8)
· Alt2-0: Individual amplitude (e.g. 3 or 4 bits with Rel15/16 amplitude codebooks) and phase (e.g. 16PSK) quantization 
· FFS: amplitude codebook is uniform in db or linear scale
· FFS: support a strongest coefficient indicator, and individual quantization for other non-zero coefficients.
· Alt2-1: ref amp (e.g. 4 bits), Individual amplitude (e.g. 3 bits) and phase (e.g. 16PSK) quantization for each non-zero coefficient
· FFS: amplitude codebook is uniform in db or linear scale
· FFS: reference amplitude is polarization specific or polarization common, and corresponding codebook
· Note: Other quantization schemes or enhancement on top of Alt 1 or Alt 2 are not precluded.
10. For PS codebook enhancements utilizing DL/UL reciprocity of angle and/or delay, down-select ONE option for CSI-RS configurations associated with Rel-17 PS codebook, from Option 0 (No further enhancement), Option 1 (i.e. lower CSI-RS density) and Option 3 (i.e. configuring multiple CSI-RS resources)
· If there is no consensus in RAN1#105e, Option 0 is by default.



For the mechanism of conveying port selection using , it was agreed in the last meeting to use combinatorial coefficients, with further study when  is turned OFF. Irrespective of whether  is turned ON or OFF, there exist only two mechanisms of conveying free port selection – one, using combinatorial coefficients, and two, using a bitmap indicating the selected ports out of the total number of ports. For a total number of configured ports , a bitmap always requires  bits for polarization specific port selection, while the combinatorial method, even with the highest number of configured ports  and the number of selected ports , the overhead is  bits. When  is turned OFF, a high number of CSI-RS ports  need to be configured to the UE to capture the significant SD-FD pairs. Even in this case, the combinatorial method requires lesser overhead compared to a bitmap.
Proposal 13: Combinatorial coefficients should be used to convey free port selection using .
We then discuss the issue of  quantization using DFT basis vectors. In our understanding, when  is turned off, the UE uses the FD basis 0, which is the all-ones vector of length  for PMI reporting, where  is the number of PMI subbands. However, prior to the precoder computation, the UE may do a frequency fine tuning common to all ports, which is equivalent to the UE adjusting its timing reference without the need of reporting it to the gNB. This implies that the UE may use any basis other than the FD basis 0 for precoder computation. In this sense,  being turned off is equivalent to the UE measuring a single fine-tuned FD basis () for precoder computation and using the FD basis 0 for PMI reporting.
Proposal 14:  turned off is the same as , in which the UE uses the FD basis 0 (all-ones vector of length ) for PMI reporting.
Since the UE may use any FD basis other than 0 by timing reference adjustment (implementation issue), a configuration of  FD basis vectors by the gNB for precoder computation is not needed when  is turned off (or equivalently ).
Proposal 15: Configuration of  FD basis vectors is not needed when  is turned off (equivalently ).
When  is turned on, it implies that the UE measures  (possibly fine-tuned) FD bases and uses the  basis vectors configured by the gNB for PMI reporting. If , then there is an additional overhead of reporting the choice of  out of  basis vectors. We therefore prefer .
Proposal 16: Configuration of  FD basis vectors is needed only when  is turned on (equivalently ). For the relation between  and , prefer .
When  is turned on (), the gNB may configure additional DFT basis vectors of length  other than basis 0. In Fig. 1, we show the simulation results when the configured vectors belong to a continuous window of  DFT vectors starting from 0 compared to when the vectors belong to a non-consecutive set of  DFT vectors.

[image: ]
Figure 1

The simulation assumption follows the agreed EVM assumption in 102e meeting [5]. The detailed assumptions are shown in Appendix. The baseline performance is R16 Type II PS codebook with 16 precoded CSI-RS ports and paramCombination-r16 = 1.  precoded CSI-RS ports ( SD-FD pairs) is assumed for Rel-17 design as well. Traffic load with 70% RU and SU/MU-MIMO adaptation with up to rank 2 is adopted in the simulation. The  precoder for the  layer reported by the UE is of the form , where  is a free port selection matrix of dimension ,  is a  matrix of linear combination coefficients,  is an  matrix consisting of DFT vectors as columns, and  with  being the reported rank. For the above simulation, we consider , which implies that  is an identity matrix. For the quantization of coefficients in  , we assume the baseline scheme of Rel-16, which is Alt-1 agreed in RAN1 104bis. Further, only  of the  coefficients are assumed to be non-zero, with , 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 from oversampled DFT basis for SD and regular DFT basis for FD using the uplink channel measured from SRS. 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 (a 16-port CSI-RS resource in every resource block) is considered for the simulation.
It is seen that the set of  non-consecutive DFT vectors configured by the gNB can provide 3~4 % UPT gain over a window of  consecutive DFT vectors at the same feedback overhead. This is because the gNB can choose the additional DFT vectors freely from the uplink channel measurement, as opposed to a restricted manner when the vectors need to be from a continuous window. 
Observation 1: Rel-17 codebook with  turned on (equivalently ) and  DFT vectors of length  configured from a set of  DFT vectors can provide up to 4 % UPT gain with respect to  vectors configured from a continuous window of  DFT vectors.
Proposal 17: The FD bases configured to the UE can be consecutive/non-consecutive, and are selected freely by the gNB from an orthogonal DFT matrix of size .

Regarding the values of  (number of PMI subbands per CQI subband), simulations are conducted for  and , and the results are shown in Fig. 2.  precoded CSI-RS ports ( SD-FD pairs),   and  is assumed. The FD bases used at the gNB for CSI-RS precoding are of length , which implies that the granularity of FD bases increases with . CSI-RS with density = 1 is assumed.
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Figure 2

It is seen from the figure that compared to ,  can achieve a better performance of 4~5 %. This is because of the increased precoding granularity with higher values of . For the computation of Rel-17 precoder, the UE does not need to do frequency dependent SVD. Hence the UE complexity does not necessarily scale with the value of , compared to computation of Rel-16 type II precoder, where the complexity increases with . However, for UEs intending to do a timing reference adjustment common to all ports as discussed before, higher values of  may increase complexity. This is because the tap granularity over which to calculate PMI reduces from  to  when  is increased from  to . This increases the complexity of a UE searching for the best tap. Our preference is to therefore support  as mandatory and  as optional to the UE.

Observation 2: For Rel-17 precoder,  can achieve a better performance of 4~5 % compared to  when the FD basis granularity is increased with .

Proposal 18: Due to increase in UE complexity with higher values of  prefer  as mandatory and  as optional to the UE.

Regarding the CSI-RS enhancements, our first preference is Option 0. We feel that Option 3, which configures multiple CSI-RS resources in different resource blocks per reporting setting is a new behavior for channel estimation. This may suffer from performance losses due to alignment and aggregation of CSI-RS ports which see different degrees of frequency selectivity by virtue of being in different RBs. However, in order to reduce UE specific CSI-RS overhead, we are open to support Option 1, which configures lower density of CSI-RS. We however note that the value of lower density should be jointly configured with the value of  and the size of the CQI subband in number of RBs. This is because each PMI subband requires at least 1 RB carrying CSI-RS. When the size of CQI subband is  RBs, at least  RBs among   RBs in the CQI subband need to carry CSI-RS. This makes the minimum CSI-RS density .

Proposal 19: Prefer Option 0, no further CSI-RS enhancements. As a second preference, support Option 1, lower density CSI-RS, with the minimum density configured jointly with the value of  as .


4. Conclusion
In summary, based on the above discussion we have the following observations and proposals:
Observation 1: Rel-17 codebook with  turned on (equivalently ) and  DFT vectors of length  configured from a set of  DFT vectors can provide up to 4 % UPT gain with respect to  vectors configured from a continuous window of  DFT vectors.

Observation 2: For Rel-17 precoder,  can achieve a better performance of 4~5 % compared to  when the FD basis granularity is increased with .

Proposal 1: Interference measurement based on NZP CSI-RS outside the CMR pair configured for NCJT measurement hypothesis is not supported.
Proposal 2: NZP IMR can be configured for each single-TRP measurement hypothesis in a CSI reporting setting with NCJT CSI measurement.
Proposal 3: How to interpret the two CMRs configured for an NCJT measurement hypothesis can be up to UE implementation.
Proposal 4: CSI-IM can be shared by both NCJT and single-TRP measurement hypotheses in both FR1 and FR2 but subject to UE capability for FR2.
Proposal 5: If UE reports incapable of CSI-IM and/or NZP CSI-RS reference by both NCJT and single-TRP in FR2, then gNB only configures Option 1 with X = 0 for NCJT CSI.
Proposal 6: An NZP CSI-RS resource m can be referred by two CMR pairs (m, a) and (m, b) configured for NCJT measurement hypotheses in FR1 but not in FR2.
Proposal 7: An 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 in both FR1 and FR2 but subject to UE capability for FR2.
Proposal 8: For Option 1, the X+1 CRIs are reported as separate CSI reports.
Proposal 9: For Option 1 with X = 1, the CSI associated with the best NCJT measurement hypothesis has a lower reporting priority than the CSI associated with the best single-TRP measurement hypothesis.
Proposal 10: For Option 1 with X = 2, the following priority order should be adopted: best single-TRP → best NCJT → 2nd best single-TRP.
Proposal 11: Support CSI measurement for multi-DCI based NCJT in R17, assuming the case of full overlap.
Proposal 12: CSI measurement for multi-DCI based NCJT is configured in a single CSI reporting setting. The UE can be expected to report one RI, one PMI, one LI and one CQI per TRP, up to 2 TRPs.
Proposal 13: Combinatorial coefficients should be used to convey free port selection using .
Proposal 14:  turned off is the same as , in which the UE uses the FD basis 0 (all-ones vector of length ) for PMI reporting.
Proposal 15: Configuration of  FD basis vectors is not needed when  is turned off (equivalently ).
Proposal 16: Configuration of  FD basis vectors is needed only when  is turned on (equivalently ). For the relation between  and , prefer .
Proposal 17: The FD bases configured to the UE can be consecutive/non-consecutive, and are selected freely by the gNB from an orthogonal DFT matrix of size .
Proposal 18: Due to increase in UE complexity with higher values of  prefer  as mandatory and  as optional to the UE.

Proposal 19: Prefer Option 0, no further CSI-RS enhancements. As a second preference, support Option 1, lower density CSI-RS, with the minimum density configured jointly with the value of  as .
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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
	4RX: (2,1,2,1,1,1,1)

	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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