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Introduction
This contribution provides Samsung’s view on the two Rel. 17 CSI enhancement items included in the WID [1]: CSI enhancements for NC-JT transmission, and CSI enhancements for FDD reciprocity. 

NC-JT CSI enhancements
In RAN1#102-e [2], it was agreed to study NC-JT CSI enhancements under the following two categories:
	Agreement
For CSI enhancement for multi-TRP, study following aspects taking into account trade-off among UE complexity, performance and reporting/RS overhead
· Category 1 - For a reporting setting CSI-ReportConfig, more than one CSI-RS port groups in a resource or resources or resource sets are associated to different TRPs/TCI states,  
· the UE will determine CSI reporting quantities based on pre-defined/indicated/configured/UE-selected channel and interference hypotheses across TRPs /TCI states
· and then report one or more CSIs within a single CSI report.   
· Category 2 – Within an implicit/explicit set of reporting settings CSI-ReportConfigs, which are associated to different TRPs/TCI states,  
· the UE will determine CSI reporting quantities based on pre-defined/indicated/configured/ UE-selected channel and interference hypotheses 
· and then report multiple CSIs with multiple CSI reports (including one or more CSIs per report or selected CSI with single CSI report)
· Other enhancement are not excluded, e.g.  CQI enhancements for multi-TRP transmission including CQI format, CQI reporting mechanism
Note that companies are encouraged to clarify applicable transmission schemes/scenarios and strive to unify Rel-17 MTRP CSI framework enhancements



Further, in RAN1#104-e [4], the following working assumption and the related agreement was made.
	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)



Each category in the agreement on RAN1#102-e fits for different deployment scenario for multi-TRP. Category 1 is suitable for the scenario where multiple TRPs are connected via an ideal or low-latency backhaul. In this case, CSIs of multiple TRPs can be transmitted via a single PUCCH/PUSCH of which UL beam targets for one of the TRP. This is exactly same with the case where the HARQ-ACK is transmitted in single-DCI based framework, or joint HARQ-ACK is transmitted in multi-DCI based framework. Meanwhile, Category 2 is suitable for the case where multiple TRPs are connected via a non-ideal backhaul. In this case, CSIs of multiple TRPs would be transmitted with separate PUCCH/PUSCH targeting for the respective TRPs. This is exactly same with the case where separate HARQ-ACK is transmitted in multi-DCI based framework. Hence, our understanding is that Category 1 is applicable for both single- and multi-DCI based framework while Category 2 is applicable for multi-DCI based framework where UCI needs to be transmitted separately per TRP. NW configured with multi-DCI based framework would know which is suitable between Category 1 or 2, and it can be configured for the UE which category to be used by a higher layer signaling. Based on our understanding above, we prefer to confirm the working assumption which was made in RAN1#103-e for multi-DCI based NC-JT case. 

Proposal 1: On CSI enhancements for multi-DCI based NC-JT, support both Category 1 and 2, and allow UE to be configured one of two Categories.
Proposal 2: On CSI enhancement for multi-DCI based NC-JT, support confirming the working assumption with from RAN1#103-e.

In Rel-16 CSI framework, a CSI-RS resource can be used as a CMR and/or NZP-IMR. To accurately measure CSI for NC-JT transmission, CMR and NZP-IMR should be measured together as a pair depicted in Figure 1. To reduce the RS overhead, it is desirable to reuse CMR as NZP-IMR as well. Rel-16 specification already allows such reuse only when CSI-RS is precoded, since NZP-IMR needs to be precoded such that each port corresponds to the interference transmission layer. To provide more flexibility on CSI resource configuration, it is beneficial to allow non-precoded CSI-RS for CMR to be reused as IMR.
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Figure 1. CMR and IMR configuration for NC-JT CSI measurement.

Proposal 3: On CSI enhancements for multi-TRP, support CMR to be re-used as IMR for both non pre-coded and pre-coded CSI-RS

In RAN1#103-e [3], it was agreed to study CSI report configured by a single CSI reporting settings as follows:
	Agreement
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, the UE is expected to report 
· two RIs, two PMIs, two LIs and one CQI per codeword, for single-DCI based NCJT when the maximal transmission layers is less than or equal to 4
· FFS: Maximal transmission layers larger than 4
· FFS: Whether/how a subset of above reporting quantities are allowed to be configured to the UE
· FFS: whether/how to support two RIs, two PMIs, two LIs and two CQIs, for multi-DCI based NCJT 
· FFS: whether/how to support CRI(s) to be reported in a CSI 
· FFS: restrictions among reported CSI quantities, e.g. among reported RIs and PMIs
· FFS: whether/how to support non-PMI based port-selection
· FFS: whether/how to support single value of reported LI
Note that other NCJT CSI measurement/reporting enhancement for other scenarios is not precluded, e.g. for HST-SFN



When coordinated scheduler is available for multi-TRP, NW would dynamically switch between NC-JT and non-NC-JT transmission according to the traffic condition and channel quality. For such operation, non-NC-JT CSI report can be configured as well as NC-JT CSI report but it is redundant since only one of those reports are utilized for data scheduling. Another approach is to allow UE to choose only one of those reports according to channel condition and omit the others from reporting. If {CMR, IMR} pairs for non-NC-JT CSI and those for NC-JT CSI are configured together within a same resource setting, such omission can be done implicitly by CRI. One example of such resource setting is depicted in Figure 2. On each {CMR, IMR} pair in Figure 2, CMR indicates the CSI-RS from corresponding TRP, and IMR would indicate CSI-RS/CSI-IM according to the non-NC-JT or NC-JT interference hypothesis. If UE would like to report NC-JT CSI, two corresponding {CMR, IMR} pairs would be chosen, else a single {CMR, IMR} pair will be selected to report non-NC-JT CSI. The chosen {CMR, IMR} pairs can be indicated to gNB by the CRI value. Further, since NC-JT CSI would be burdensome for UE to calculate appropriate precoder, non-PMI based port-selection and some restrictions among reported RIs or PMIs can be beneficial in order to reduce the burden of UE side and CSI report quantity. 
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Figure 2. Example of CSI resource setting for dynamic NC-JT CSI reporting

Also, optimized UCI structure for dynamics NC-JT CSI report is also beneficial and can be extended by using Rel-16 two parts UCI structure as a baseline. For example, for CRI based solution, the amount of UCI for the proposed CSI report can vary much according to the selected CRI value. If the selected CRI value is for NC-JT CSI, the UCI would contain two sets of {RI, PMI, CQI} for cooperating TRPs. Otherwise, the UCI would contain one set of {RI, PMI, CQI} for a single TRP. To handle the varying amount of UCI, we can extend two-part UCI structure in Rel-16 for the NC-JT CSI report. For example, UCI comprises a two parts (UCI#1, UCI#2), where
· UCI#1 is always reported, has fixed payload, and comprises (1) partial CSI for two TRPs and (2) an indication about remaining CSI for two TRPs included in UCI2. Note that (2) determines the payload of UCI2; and
· UCI#2 has a variable payload, and comprises remaining CSI for two TRPs.

Proposal 4: For NC-JT CSI reporting enhancement, support and study followings:
· Support CRI-based dynamic reporting between NC-JT and non-NC-JT CSI
· Support non-PMI based port-selection
· Support restrictions among reported RIs or PMIs
· Study UCI structure optimized for dynamic NC-JT CSI report

In RAN1#104-e, it was discussed and agreed that the CSI-RS resource configuration and CSI measurement hypothesis for a single reporting setting as follows:
	Agreement
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, the UE can be configured with Ks ≥ 2 NZP CSI-RS resources in a CSI-RS resource set for CMR and N ≥ 1 NZP CSI-RS resource pairs whereas each pair is used for a NCJT measurement hypothesis 
· Configure UE with two CMR groups with Ks=K1+K2 CMRs. CMR pairs are determined from two CMR groups by following method(s). 
· K1 and K2 are the number of CMRs in two groups respectively. FFS K1=K2 or different K1/K2.
· Note that CMRs in each CMR group can be used for both NCJT and Single-TRP measurement hypotheses
· N CMR pairs are higher-layer configured by selecting from all possible pairs
· signalling mechanism can be discussed further, e.g. using a bitmap
· FFS: Whether MAC-CE or RRC+MAC CE indication is needed
· FFS: how to support NCJT measurement hypotheses in FR2
· Support N=1 and Ks =2, FFS other maximal values of N>1 and Ks>2  
· Note: for CPU/resource/port occupation, NCJT hypothesis is considered separately from single TRP hypothesis

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



The proposed CSI report requires additional CSI computational complexity to take into account the mutual interference in NC-JT. As CPU occupation rule in the current spec is designed for the single-TRP CSI, the proposed CSI report needs new CPU occupation rule considering the additional CSI computational complexity. Practical implementation aspects should be taken into account in designing the new CPU occupation rule.

Proposal 5: Design new CPU occupation rule for dynamic NC-JT CSI report 

CSI enhancements for FDD
1.1 Discussion on codebook components 
The following agreements were made in RAN1#104-e [4] about the Rel. 17 codebook enhancement based on FDD reciprocity.
	Agreement
For PS codebook enhancements utilization DL/UL reciprocity of angle and/or delay, support codebook structure W=W1W2 WfH where 
· W1 is a free selection matrix, with identity matrix as special configuration
· FFS polarization-common/specific selection
· Wf is a DFT based compression matrix in which N3 = NCQISubband*R and Mv>=1
· At least one value of Mv>1 is supported
· Decide on the value(s) of Mv, e.g. Mv=2,  in RAN1# 104bis-e
· Working assumption:  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
· FFS candidate value(s)  of R, mechanism for configuring/indicating to the UE and/or mechanism for selecting/reporting by UE for Wf
· Wf can be turned off by gNB. When turned off, Wf  is an all-one vector (FFS; the length of all-one vector)
· FFS other signaling/CSI reporting mechanism for trade-off among signaling overhead, UE complexity and UPT gain
Agreement
For PS codebook enhancements utilization DL/UL reciprocity of angle and/or delay, 
· W1 ∈ N^{P×K1} (K1≤P) is a port selection matrix in order to freely select K1 ports out of P CSI-RS ports or K1/2 ports out of P /2 CSI-RS ports 
· Note that P is the number of CSI-RS ports for port selection (whose value depends on the outcome of the CSI-RS related study).  

Agreement
For PS codebook enhancements utilization DL/UL reciprocity of angle and/or delay, study following options (or combinations) for CSI-RS configurations associated with Rel-17 PS codebook for supporting low CSI-RS overhead and/or CSI-RS processing complexity considering the impact on UPT performance under realistic CSI-RS measurement:  
· Option 0: No further CSI-RS enhancement as the baseline
· Option 1: Support configuring a lower CSI-RS density per CSI-RS resource, e.g. 0.25
· Option 2: Support configuring one or multiple CSI-RS patterns per CSI-RS resource associated with Rel-17 PS codebook
· Option 3: Support configuring multiple CSI-RS resources per CSI reporting configuration associated with Rel-17 PS codebook


 
In this subsection, we first provide our views related to the codebook components. In particular, the following open issues have been discussed. 
· Issue 1: FFS on polarization-common vs polarization-specific port selection
· Issue 2: value(s) of Mv when Wf is turned ON
· Issue 3: working assumption regarding Wf being an optional feature
· Issue 4: value(s) of R
· Issue 5: FFS on Wf signaling, i.e., UE reporting vs configuration
· Issue 6: length of the all-one vectors when Wf is turned OFF
· Issue 7: codebook parameters (P, L, beta etc.)

Issue 1: the polarization-common port selection has lower overhead and is a legacy design (cf. Rel. 15/16 Type II port selection codebooks), hence, it should be baseline. The polarization-specific can be considered if it can achieve superior performance-overhead tradeoff.

Issue 2: different Mv value(s) can be studied, but the impact of larges Mv values on CSI overhead, UE complexity, and potential specification impact should be considered. In particular, for large number of CSI-RS ports (e.g. 32), Mv should be as small as possible. In our view, there is likely to be a tradeoff between the Mv value(s) and the number of CSI-RS ports. This is due to the fact that when the number of CSI-RS ports is large (e.g. 32), then with high probability, all dominant SD-FD pairs can be beamformed by the gNB via CSI-RS ports, and hence the resultant beamformed DL channel may not have any strong FD components, hence, the Wf component in the codebook may not bring any performance benefits. This is verified based on the simulation results shown in the next subsection. In short, the value(s) of Mv should be decided based on simulation results for small as well as large number of CSI-RS port, and the supported value(s) should decrease as number of CSI-RS ports increases.

Also, when Mv > 1, then one of the columns of the Wf matrix should be an all-one vector which corresponds to the FD component 0 (or DC component) of the beamformed DL channel. This is to ensure that the FD component 0 is always included in the Wf matrix, akin to the Wf component in the Rel. 16 regular and port selection codebooks.

Issue 3: the working assumption on Wf being UE optional should be confirmed. One of the main objective of the Rel. 17 codebook enhancements is to ensure that the UE complexity is minimized (when compared with the Rel. 15/16 codebooks), at the same time, the UPT performance and overhead tradeoff is kept similar or better than that for Rel. 16 codebooks. In our view, as shown via simulation results in next subsection, the codebook with Wf  (when turned OFF) can already achieve this objective quite well. Any additional components such as the Wf component should be categorized as advanced features (similar to support for R=1, rank 3-4, and L=6 in Rel. 16 codebook), hence should be UE optional.

Issue 4: regarding the value(s) of R, the value R=1 should be supported as mandatory, similar to Rel. 16 codebook. The need for any other value(s) require justification based on simulation results. Similar to the value(s) of Mv, the tradeoff among UE complexity, CSI overhead, potential-specification impact, and the UPT performance should be considered in order to justify the value(s) of R other than R=1. As shown in simulation results below, R>1 can achieve performance gain over R=1; however, it has additional UE complexity and incurs more CSI overhead. 
 
Issue 5: the Wf component (if supported and turned ON) should be configured to the UE since the gNB based on the UL channel (exploiting DL-UL reciprocity) can determine whether Wf component is needed, and if needed, the gNB can determine the Wf component and convey that to the UE. This helps reduce the UE complexity since the UE doesn’t need to determine it. It has been verified via the simulation results in the next subsection that there is no noticeable performance difference between Wf being configured to the UE and Wf reporting by the UE.

Issue 6: the length of the all-one vector (when Wf is turned OFF) depends on the on reporting format, e.g. frequency granularity (e.g. WB or SB), number of SBs (e.g. SB size) etc. Hence, this issue can be discussed together with the discussion on the reporting format once the codebook components are finalized.

Issue 7: The codebook parameters P (number of rows in W1), K1=L (number of columns in W1), and beta should be discussed and determined based on simulation results. In particular, the value of P depends on the outcome of the CSI-RS related study, hence can be discussed jointly with the CSI-RS related study. The value(s) of L can be from {1, 2, 3, 4, 6, 8} and the value(s) of beta can be from {1, 3/4, 1/2}. 

Proposal 6: Regarding Rel. 17 codebook components,
· Polarization-common port selection is baseline;
· Polarization-specific port selection can be considered if it can achieve superior performance-overhead tradeoff
· The Mv value(s) should be determined based on the tradeoff among UE complexity, CSI overhead, potential-specification impact, and the UPT performance for small as well as large number of CSI-RS ports.
· The supported Mv value(s) should decrease as number of CSI-RS ports increases.
· When Mv>1, one of the columns of the Wf matrix should be an all-one vector.
· Confirm working assumption on Wf being UE optional 
· Support R=1, and additional value(s) of R should be studied based on tradeoff among UE complexity, CSI overhead, potential-specification impact, and the UPT performance.
· The Wf component is configured to the UE.
· The length of the all-one vector (when Wf is turned OFF) depends on the reporting format (e.g. WB/SB, SB size etc.), and hence should be discussed with the reporting format discussion.
· Regarding codebook parameters
· The value of P (number of rows in W1) can be discussed together with the CSI-RS related study.
· Study the value(s) of L from {1,2,3,4,6,8}
· Study the value(s) of beta from {1,3/4,1/2}
 
We provide our views about the CSI-RS related study next. There are several aspects that should be considered in this study. Some of them are summarized as follows.
· Justification/need: The need for supporting large number of beamformed CSI-RS ports or SD-FD bases (e.g. > 32) needs to be justified. If DL-UL reciprocity indeed exists, then the number of dominant angle-delay profiles is likely to be small, and it is quite likely (with high probability) that a maximum of 32 CSI-Rs ports or SD-FD bases (that can already be supported) is sufficient. The scenario(s) for which 32 beamformed CSI-RS ports is not sufficient need to be found.
· Specification impact: the potential specification impact due to a more involved CSI reporting mechanism should be kept small (when compared with Rel. 15/16 based CSI reporting). The potential specification impact at least includes the UE behavior for PMI and CQI calculation, CSI-RS port processing, and R>1 (if supported).
· Performance: the performance of a potential CSI-RS related (cf. Option 1-3) enhancement should be comparable to the baseline (Option 0).   
· UE complexity: the additional UE complexity should be reasonable. The additional UE complexity includes a new UE implementation for CSI-RS port processing (the legacy CSI-RS port processing won’t work) for CSI reporting, and more involved calculations for CSI components such as PMI, CQI and R>1 (if supported).
· CSI-RS overhead reduction: there could be CSI-RS overhead saving, but this should be considered together with other metrics such as UPT performance and UE complexity, as agreed in the agreement in RAN1#104-e. 

Observation 1: the study on CSI-RS related enhancement includes the following aspects.
· Specification impact should be small, at least on Rel. 17 codebook, PMI, CQI, and R>1 (if supported)
· Performance should be maintained when compared with Option 0
· UE complexity should be reasonable, which includes new CSI-RS port processing, and more involved UE behaviour (implementation) for PMI, CQI, and R>1 (if supported)
· The need for supporting > 32 SD-FD bases should be justified.
· The CSI-RS overhead reduction should consider together with other metrics (performance, complexity etc.)

Now, regarding the four options from RAN1#104-e,
· Option 0: it is a preferred option since it doesn’t require any specification change, and more importantly, can achieve good performance.
· Option 1: this option alone can’t solve the issue of supporting more than 32 SD-FD pairs; it can lower the CSI-RS overhead though.
· Option 2: this option has the largest specification impact among the four options, since it impacts CSI-RS configuration, and how the UE implements CSI-RS resource processing. In our view, this option should be avoided.
· Option 3: among the three enhancement options, Option 3 has the least specification impact, hence can be considered for further study. However, the above-mentioned aspects should be considered in this study.

We therefore propose the following.

Proposal 7: Regarding CSI-RS related enhancement, 
· Support option 0 (no enhancement) as baseline 
· Down-select to Option 3 for further study, and the study should consider aspects in Observation 3

1.2 Simulation results
For performance evaluation, we provide simulation results for the following schemes.
· Baseline codebook: Rel. 16 PS T2
· R17 codebook:
· Wf turned OFF
· Wf turned ON: Mv = 2,3
· L=1,2,3,4,5,6,7,8
· Beta:
· Wf turned OFF: beta=1, i.e., the number of non-zero (NZ) coefficients = 2L
· Wf turned ON: beta is chosen such that the total number non-zero coefficients remain the same as the case when Wf is turned OFF
The simulation assumptions are according to the agreed EVM in RAN1#102-e, which are also copied in Table 1 in the appendix. The Rel. 16 PS T2 with paraComb = 1 is considered as reference.

Evaluation 1: Wf turned OFF vs Wf turned ON (Mv value(s))
In evaluation 1, we provide simulation results for the value(s) of Mv > 1. In particular, we compare the following three R17 codebook alternatives:
· Wf turned OFF
· Wf turned ON, Mv=2
· Wf turned ON, Mv=3
The total number of NZ coefficients remains the same for all three cases. The performance vs overhead trade-off results are shown in Figure 1 (for P=16 CSI-RS ports) and in Figure 2 (for P=32 CSI-RS ports). We can observe the following.

Observation 2:
· For 16 CSI-RS ports, when compared with Wf turned OFF
· Mv = 2 shows small gain in low overhead regime
· Mv = 2, 3 do not show any noticeable gain in high overhead regime
· For 32 CSI-RS ports, there is no gain with Mv > 1 when compared with Wf turned OFF
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Evaluation 2: Wf being configured vs Wf being reported
In evaluation 2, we provide simulation results comparing Wf being configured to the UE and Wf being reported by the UE as part of the CSI report. The performance vs overhead trade-off results are shown in Figure 3. We can observe the following.

Observation 3: Both Wf being configured and Wf being reported achieve similar performance vs overhead trade-offs; however, Wf being reported has more UE complexity and CSI overhead than Wf being configured.
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Evaluation 3: R=1 vs R=4
In evaluation 3, we provide simulation results comparing R=1 and R=4. The performance vs overhead trade-off results are shown in Figure 4. We can observe the following.

Observation 4: when CSI-RS beamforming is according to the R value, R=4 shows small gain over R=1; however, R=4 has more UE complexity and CSI overhead than R=1
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Results in Figure 4 assume that the CSI-RS beamforming (BF) is according to the R value, i.e., when R=1, the CSI-RS BF is based on length- BF vectors, and when R=4, the CSI-RS BF is based on length- BF vectors. That is, the CSI-RS BF vectors are assumed to be different. We next provide simulation results for the case when the CSI-RS BF vectors are fixed to be of length-, and hence the CSI-RS BF vectors are the same across different R values. We compare different R values for Wf matrix. The simulation results are shown in Figure 5 for R = ¼, ½, 1, and 4, where Mv=2 is fixed, and the eight points correspond to L=1-8. The value R = ¼ and ½ are simulated to study the impact of reducing number of SBs for PMI. In particular, R = ½ implies that each PMI SB corresponds to 2 CQI SBs. In these simulation results, the number of RBs is assumed to be 48 (in earlier results, it is assumed to be 52). We can observe the following.

Observation 5: when CSI-RS beamforming is the same for different R values, then
· there is no performance gain with increasing R values (or increasing the length of DFT vectors comprising Wf); 
· R=1/4 can achieve the best performance among R=1/4, ½, 1, and 4.
 
Proposal 8: For R value(s),
· study the impact of same or different CSI-RS beamforming (depending on R value(s)); 
· study R < 1 (e.g. R = ¼, ½ ) in addition to R > 1
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Conclusion
In this contribution, the following observations and proposals are made: 

NC-JT CSI enhancements

Proposal 1: On CSI enhancements for multi-DCI based NC-JT, support both Category 1 and 2, and allow UE to be configured one of two Categories.
Proposal 2: On CSI enhancement for multi-DCI based NC-JT, support confirming the working assumption with from RAN1#103-e.
Proposal 3: On CSI enhancements for multi-TRP, support CMR to be re-used as IMR for both non pre-coded and pre-coded CSI-RS
Proposal 4: For NC-JT CSI reporting enhancement, support and study followings:
· Support CRI-based dynamic reporting between NC-JT and non-NC-JT CSI
· Support non-PMI based port-selection
· Support restrictions among reported RIs or PMIs
· Study UCI structure optimized for dynamic NC-JT CSI report
Proposal 5: Design new CPU occupation rule for dynamic NC-JT CSI report 
 
FDD CSI enhancements

Observation 1: the study on CSI-RS related enhancement includes the following aspects.
· Specification impact should be small, at least on Rel. 17 codebook, PMI, CQI, and R>1 (if supported)
· Performance should be maintained when compared with Option 0
· UE complexity should be reasonable, which includes new CSI-RS port processing, and more involved UE behaviour (implementation) for PMI, CQI, and R>1 (if supported)
· The need for supporting > 32 SD-FD bases should be justified.
· The CSI-RS overhead reduction should consider together with other metrics (performance, complexity etc.)
Observation 2:
· For 16 CSI-RS ports, when compared with Wf turned OFF
· Mv = 2 shows small gain in low overhead regime
· Mv = 2, 3 do not show any noticeable gain in high overhead regime
· For 32 CSI-RS ports, there is no gain with Mv > 1 when compared with Wf turned OFF
Observation 3: Both Wf being configured and Wf being reported achieve similar performance vs overhead trade-offs; however, Wf being reported has more UE complexity and CSI overhead than Wf being configured.
Observation 4: when CSI-RS beamforming is according to the R value, R=4 shows small gain over R=1; however, R=4 has more UE complexity and CSI overhead than R=1
Observation 5: when CSI-RS beamforming is the same for different R values, then
· there is no performance gain with increasing R values (or increasing the length of DFT vectors comprising Wf); 
· R=1/4 can achieve the best performance among R=1/4, ½, 1, and 4.

Proposal 6: Regarding Rel. 17 codebook components,
· Polarization-common port selection is baseline;
· Polarization-specific port selection can be considered if it can achieve superior performance-overhead tradeoff
· The Mv value(s) should be determined based on the tradeoff among UE complexity, CSI overhead, potential-specification impact, and the UPT performance for small as well as large number of CSI-RS ports.
· The supported Mv value(s) should decrease as number of CSI-RS ports increases.
· When Mv>1, one of the columns of the Wf matrix should be an all-one vector.
· Confirm working assumption on Wf being UE optional 
· Support R=1, and additional value(s) of R should be studied based on tradeoff among UE complexity, CSI overhead, potential-specification impact, and the UPT performance.
· The Wf component is configured to the UE.
· The length of the all-one vector (when Wf is turned OFF) depends on the reporting format (e.g. WB/SB, SB size etc.), and hence should be discussed with the reporting format discussion.
· Regarding codebook parameters
· The value of P (number of rows in W1) can be discussed together with the CSI-RS related study.
· Study the value(s) of L from {1,2,3,4,6,8}
· Study the value(s) of beta from {1,3/4,1/2}
Proposal 7: Regarding CSI-RS related enhancement, 
· Support option 0 (no enhancement) as baseline 
· Down-select to Option 3 for further study, and the study should consider aspects in Observation 1
Proposal 8: For R value(s),
· study the impact of same or different CSI-RS beamforming (depending on R value(s)); 
· study R < 1 (e.g. R = ¼, ½ ) in addition to R > 1
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Appendix

[bookmark: _Ref54212124]Table 1: Simulation assumptions for FDD reciprocity
	Parameter
	Value

	Duplex, Waveform 
	FDD (TDD is not precluded), OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban (Macro only)

	Frequency Range
	FR1 only, 2GHz with duplexing gap of 200MHz between DL and UL

	Inter-BS distance
	200m 

	Reciprocity model
	Based on Section 5.3 of TR 36.897, to generate FDD DL and UL channels

	Antenna setup and port layouts at gNB
	16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ

	Antenna setup and port layouts at UE
	2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1,2) 

	BS Tx power 
	44 dBm for 20MHz

	BS antenna height 
	25m 

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC
Max code-block size=8448bit 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Simulation bandwidth 
	20 MHz with 15kHz SCS

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

	MIMO scheme
	SU/MU-MIMO, rank 1 only

	MIMO layers
	Up to 4 layers

	CSI feedback 
	Feedback assumption at least for baseline scheme
· CSI feedback periodicity (full CSI feedback): 5 ms, 
· Scheduling delay (from CSI feedback to time to apply in scheduling): 4 ms

	Overhead 
	CSI-RS, DMRS

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	70% for SU/MU-MIMO, rank 1 only

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

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Evaluation Metric
	User throughput vs CSI feedback overhead 

	Baseline for performance evaluation
	Rel-16 regular and PS eTypeII codebooks

	SRS modeling for UL channel estimation
	SRS periodicity with 5ms
SRS error modeling in Table A.1-2 in 36.897 with Δ=9
BW: same as CSI-RS
Number of ports = 2
Tx power = 23 dBm

	FDD DL/UL calibration error model at gNB
	
According to R1-144943, with amplitude error (expressed in decibel of ) and phase error are normal distribution with 0.7dB and 5 degrees standard deviation, respectively. Both amplitude/phase errors are assumed to be constant during a simulation drop at time, and constant per 4 PRB at frequency.



16 ports, DFT beamforming

L=1-8, Wf OFF	12	32	48	63	77	90	102	113	0.92137843634236694	1.0245174497952818	1.0845193994930786	1.1050887112497565	1.1322382530707742	1.1325307077403004	1.1302885552739326	1.1505166699161631	L=1-8, Mv=2	12	32	48	63	77	90	102	113	0.96836615324624697	1.0296841489569117	1.0936829791382336	1.1129362448820432	1.1337492688633264	1.1389159680249563	1.1615812049132386	1.1642132969389747	L=1-8, Mv=3	12	32	48	63	77	90	102	113	0.98498732696432056	1.0390426983817509	1.0774030025346071	1.1063560148177034	1.1250731136673817	1.13720998245272	1.1471534412166116	1.153002534607136	Overhead (#bits)


Avg. UPT




32 ports, DFT beamforming

L=1-8, Wf OFF	13	34	52	67	84	98	113	127	0.95738817891373806	1.0314696485623003	1.065055910543131	1.0980431309904155	1.1095047923322685	1.1237220447284346	1.1321086261980831	1.1575878594249203	L=1-8, Mv=2	13	34	52	67	84	98	113	127	0.96389776357827472	0.9986421725239617	1.0349440894568691	1.0560303514376999	1.089856230031949	1.1022763578274761	1.1246006389776357	1.1220047923322685	L=1-8, Mv=3	13	34	52	67	84	98	113	127	0.97755591054313107	1.0063897763578276	1.0254392971246007	1.0532348242811502	1.0704073482428116	1.0833865814696486	1.0980431309904155	1.1093051118210864	Overhead (#bits)


Avg. UPT




32 ports, DFT beamforming

L=1-8, Mv=2, Wf configured	20	41	59	74	91	105	120	134	0.96940894568690106	1.0037539936102238	1.0483626198083067	1.0701677316293929	1.0882587859424921	1.0964057507987222	1.1255591054313099	1.1357428115015975	L=1-8, Mv=2, Wf reported	13	34	52	67	84	98	113	127	0.96389776357827472	0.9986421725239617	1.0349440894568691	1.0560303514376999	1.089856230031949	1.1022763578274761	1.1246006389776357	1.1220047923322685	Overhead (#bits)


Avg. UPT




32 ports, R=1 vs R=4

L=1-8, Mv=2, R=1	13	34	52	67	84	98	113	127	0.96389776357827472	0.9986421725239617	1.0349440894568691	1.0560303514376999	1.089856230031949	1.1022763578274761	1.1246006389776357	1.1220047923322685	L=1-8, Mv=2, R=4	13	34	52	67	84	98	113	127	0.9805111821086262	1.0144968051118211	1.0588258785942493	1.0714856230031948	1.1057108626198084	1.1142571884984025	1.130191693290735	1.126797124600639	Overhead (#bits)


Avg. UPT




32 ports, R values

R=1/4	13	34	52	67	84	98	113	127	1	1.0449690033381021	1.0891750119217931	1.111301859799714	1.1137339055793993	1.1469241773962804	1.1556032427277063	1.1691463996185028	R=1/2	13	34	52	67	84	98	113	127	1.0078206962327134	1.0345255126371007	1.0636623748211731	1.0929422985216977	1.1138769670958513	1.1354792560801146	1.143299952312828	1.1562231759656652	R=1	13	34	52	67	84	98	113	127	0.99279923700524564	1.0242250834525515	1.07310443490701	1.1028135431568908	1.1072484501669053	1.1363853123509775	1.1340963280877445	1.1462565569861707	R=4	13	34	52	67	84	98	113	127	0.97958989031950416	1.0272293752980448	1.0661421077730091	1.095374344301383	1.1134000953743444	1.128898426323319	1.1351454458750596	1.1513113972341442	Overhead (#bits)


Avg. UPT
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