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Introduction
In RAN1#103-e, several agreements were made for CSI enhancements under mTRP deployments, as well as CSI enhancements that exploit FDD channel reciprocity in FR1. For mTRP enhancements, agreements were made that refine the scope of enhancements for mTRP deployments, including CSI Report configuration, CSI report structure and channel/interference measurement, whereas for FDD reciprocity, companies have agreed to down select from different alternatives for the codebook structure. In this contribution our views are provided on CSI enhancements under mTRP/panel transmission, as well as CSI enhancements under FR1 FDD reciprocity based on the class of Type-II Port Selection codebooks.
[bookmark: _GoBack]CSI Reporting for DL multi-TRP/Panel Transmission
In RAN1#103-e [1], the following agreements were made for CSI enhancements under multi-TRP transmission:
	Agreement
Rel-17 CSI measurement and reporting for DL multi-TRP and/or multi-panel transmission shall be enhanced to support and enable more dynamic channel/interference hypotheses for NCJT.

Agreement
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, [at least for multi-DCI based and single-DCI based schemes (scheme 1a)], NZP CSI-RS resources for channel measurement are associated to different TRPs/TCI states at resource level 
· CMRs corresponding to different TRPs respectively shall be configured within the same resource set (i.e. scheme 1-2) and have the same number of ports among CMRs.
· At least ‘typeI-SinglePanel’ codebook is supported 
· FFS: Other codebook types 
· Note that RAN1 shall strive to finalize NCJT CSI enhancement with single reporting setting firstly. 
· The support of larger than 32 ports across two CMRs is optional for a UE supporting Rel. 17 mTRP CSI

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
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. HST-SFN

Agreement
For a CSI reporting setting, support one or more of the following UE reporting mechanism: 
· Alt 1: the UE can be expected to report one CSI associated with the best single-TRP measurement hypothesis and one CSI associated with the best NCJT measurement hypothesis, if configured  
· FFS omission of CSI associated with NCJT measurement hypothesis
· Alt 2: the UE can be expected to report one CSI associated with the best one among NCJT and/or single-TRP measurement hypotheses, if configured
· FFS how to report recommended measurement hypothesis associated with that CSI report
· Alt 3:  the UE can be expected to report two CSIs associated with the two best single-TRP measurement hypotheses associated with CMRs from two TRPs and one CSI associated with the best NCJT measurement hypothesis, if configured  
· FFS omission of CSI associated with NCJT measurement hypothesis
· Whether/How to report a subset of the CSI report quantities
· FFS: CSI reporting configuration details 
Note supporting which one or more mechanisms is to be determined in RAN1#104-e

Agreement
For NCJT CSI measurement configured with single reporting setting, study following measurement resource configuration/association mechanism
· Whether/how to support interference measurement based on NZP CSI-RS given by nzp-CSI-RS-ResourcesForInterference or based on CSI-IM given by csi-IM-ResourcesForInterference
· Whether/how to interpret measurement based on CMRs associated with different TRPs/TCI states respectively for a NCJT measurement hypothesis
· CMR/IMR resource configuration restrictions/associations, e.g. for reference resource/time domain behavior/frequency domain behavior
Note that RAN1 shall strive for commonality of CSI measurement/reporting mechanisms for NCJT CSI measurement configured by single or two reporting settings




Number of configured CSI Reports per CSI Reporting Setting 
In RAN1#102e [2], the following agreement was made
	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


The previous agreement implies that Category 1 with a single CSI-ReportConfig reports “one or more CSIs within a single CSI report”. The notion of a “CSI” is generic, and it is not clear here whether it represents a PMI, or CSI corresponding to one hypothesis, or otherwise. For instance, if the notion “CSI” refers to a single hypothesis, then for a single-DCI scenario with a single CSI-ReportConfig, one CSI Report may include up to 4 PMI if CSI corresponding to the case in which CSI for all hypotheses is reported (Alt 3). This would also violate the agreement in RAN1#103e regarding the number of PMI in a CSI Report. To resolve this confusion, it is suggested that an agreement is made to characterize the number of CSI Reports configured per CSI-ReportConfig. 
It is not clear whether a single CSI Reporting Setting would configure one or more CSI Reports
At least for the single-DCI multi-TRP scenario, discuss the number of CSI Reports configured per CSI Reporting Setting
Also, it is not yet clear whether a single CSI Report would contain CSI  feedback for one or more channel hypotheses, which would have direct consequence on the agreements related to the number of PMI/RI/CQI per CSI Report. 
Clarify the relationship between CSI Reports and channel hypotheses 
Support for multi-DCI based NCJT 
In principle, NCJT can operate under systems with either ideal or non-ideal backhaul between TRPs, where scenarios with non-ideal backhaul are usually restricted to multi-DCI mTRP. Some companies have suggested that the CSI enhancements for mTRP in this WI should only target mTRP transmission under single DCI, since the resources used by the TRPs under multi-DCI mTRP may be only partially overlapping or non-overlapping. We believe the mTRP CSI enhancements for this WI should not be limited to single-DCI mTRP scenarios only, especially that the multi-DCI setup is more suitable for non-ideal backhaul scenarios. 
Multi-DCI setup is an important case of mTRP deployment, especially for non-ideal backhaul-based mTRP transmission
Support multi-DCI mTRP CSI enhancements along with single-DCI mTRP
One way to indicate to the UE whether it would report single-TRP based CSI feedback or mTRP-based CSI feedback under a multi-DCI setup, e.g., when partially-overlapping resources are assigned to both TRPs, is via introducing an RRC parameter that would instruct the UE whether to report CSI based on the mTRP CSI feedback framework. Details on how to configure the UE so it can toggle between single and mTRP CSI feedback approaches are FFS.
The UE should be configured by the network to report NCJT-based CSI feedback under multi-DCI setup 
For multi-DCI based NCJT, Option 1 with explicit CSI Reporting Settings from both TRPs seems a more realistic scenario for multi-DCI setup. One way to avoid the repetition in CSI Report configuration parameters across the two Settings is via linking the two CSI Reporting Settings, e.g., including the CSI Report Config ID of one of CSI-ReportConfig in the other CSI-ReportConfig. 
Support explicit CSI-ReportConfig from each TRP for multi-DCI based NCJT 
Supported Codebook Type for NCJT 
It was suggested by some companies that NCJT should support Type-I codebook only. We believe this restriction is undesirable. RAN1 should strive to develop a codebook-transparent framework for CSI Reporting under NCJT. For instance, Rel. 16 eType-II codebook has been shown to achieve significantly better tradeoff in terms of performance/complexity, compared with Rel. 15 Type-I and Type-II codebooks. Note that the Rel. 16 eType-II codebook can be configured with different parameter combinations, which can achieve a variation of constraints in terms of complexity, CSI feedback overhead and QoS. 
Rel. 16 Type-II codebook achieves better performance compared with Type-I codebook, as well as being configurable for different performance/overhead tradeoff points
RAN1 should strive to develop a codebook-transparent framework for CSI Reporting under NCJT 
Support Type-II codebook for NCJT along with Type-I single-panel codebook type 
In order to ensure that Type-II codebook can be supported for NCJT, it should be specified that a UE configured with a Type-II codebook can be configured with more than one CSI-RS resource for CMR. Also, NCJT CSI should be supported under aperiodic reporting and not only under periodic and semiPersistentOnPUCCH reporting, since Type-II is only supported (in its full form) under aperiodic CSI reporting only.
In order to support NCJT, Type-II codebook types should be configurable with more than one CSI-RS resource for a given UE
For a UE configured with Type-II codebook, it can be configured with more than one CSI-RS resource for CMR under aperiodic CSI Reporting
It was also suggested that non-PMI based port-selection can be used for NCJT instead of Type-I and Type-II codebooks. It is not clear however why the precoding process for NCJT should deviate from the codebook-based approach adopted for single-TRP transmission. Gains in performance of non-PMI based port-selection over conventional codebooks should be justified.
Further study the motivation to support non-PMI based port-selection for NCJT
CSI Reporting mechanism for NCJT 
Different alternatives for CSI Reporting mechanism are proposed for NCJT, as follows
Alt1. CSI feedback corresponding to two hypotheses, one single-TRP hypothesis and one NCJT hypothesis
Alt2. CSI feedback corresponding to one hypothesis, which can be either single-TRP hypothesis or NCJT hypothesis
Alt3. CSI feedback corresponding to three hypotheses, two single-TRP hypotheses and one NCJT hypothesis
Clearly, Alt2 has the lowest CSI feedback overhead and complexity among the three alternatives, however it is restrictive in terms of transmission flexibility. For instance, if the CSI feedback corresponds to NCJT hypothesis but the network for some reason cannot support NCJT (for example due to high traffic at one of the two TRPs involved in NCJT), the entire CSI feedback would be obsolete. Note that the same issue may occur for Alt1, if the TRP corresponding to the single-TRP CSI feedback hypothesis is under high traffic demand. Allowing for some flexibility on the network side is an important motivation towards supporting multi-TRP transmissions, and hence should not be ignored. Thereby, Alt3 is the best option from a network flexibility perspective. 
Alt3 is the most flexible alternative in terms of dynamically supporting different channel hypotheses based on the network traffic
In order to reduce the CSI feedback overhead corresponding to Alt3, different solutions exist, as follows
1. Use CSI omission like procedures for the CSI feedback corresponding to a subset of the hypotheses
2. Report one PMI for each TRP corresponding to NCJT, with 3 CQI values corresponding to the 3 hypotheses
3. Report differential parameters, e.g., CQI/PMI subsequent to the first CQI/PMI
One way of reporting CSI feedback for three hypotheses with only two PMI quantities is as follows. 
	Step 1: 
A UE is configured with two CSI-RS resources, CSI-RS0 and CSI-RS1 transmitted from TRP1 and TRP2, respectively

Step 2:
The UE computes PMI0 under NCJT hypothesis, where CSI-RS0 and CSI-RS1 model the channel and interference components, respectively   

Step 3:
The UE computes PMI1 under NCJT hypothesis, where CSI-RS1 and CSI-RS0 model the channel and interference components, respectively   

Step 4:
The UE computes CQI0 for NCJT hypothesis, based on PMI0 and PMI1. Interference calculation is FFS

Step 5:
The UE computes a new CQI quantity (CQI1) for single-TRP hypothesis from TRP1, based on PMI0 and interference from CSI-RS1

Step 6:
The UE computes a new CQI quantity (CQI2) for single-TRP hypothesis from TRP2, based on PMI1 and interference from CSI-RS0


[bookmark: _Ref61899328]Table 1: CSI computation for Alt3 using two PMI quantities and three CQI quantities
From Table 1, the UE can compute CSI for three hypothesis using 2 PMI, where PMI0 and PMI1 for TRP1 and TRP2 under NCJT hypothesis are reused for single-TRP hypothesis with TRP1 and single-TRP hypothesis with TRP2, respectively. Although PMI0 and PMI1 are not optimized for single-TRP hypothesis, this approach would reduce the CSI feedback overhead of Alt3 to a level close to that of Alt2 CSI-feedback overhead (with only 2 additional CQI values), while still supporting three hypotheses. Note that the two additional CQI values reported (CQI1 and CQI2) are computed based on the two single-TRP hypotheses. Different variants of this approach can be studied, in which a tradeoff between performance, UE complexity and CSI feedback overhead can be achieved while still reporting CSI feedback for the three channel hypotheses.
CSI feedback overhead of Alt3 can be reduced via CSI omission-like procedures, reporting a subset of the CSI indicators or differential parameter reporting
Support Alt3 for CSI Reporting mechanism under NCJT
CSI Report Structure for NCJT Hypothesis
In Rel. 16 discussions on mTRP deployment, no consensus was reached to have additional specification support for single-DCI based mTRP with two codewords. Thereby, it should be clarified whether CSI enhancements for mTRP with rank>4 are supported, for either single-DCI or multi-DCI based mTRP.  In general, CSI enhancements for multi-TRP transmission should not be restricted in terms of the supported rank beyond the restriction for single-TRP transmission. 
It is not clear whether CSI reporting for rank exceeding four should be supported in Rel. 17 CSI feedback enhancements
Discuss whether CSI enhancements for NCJT should support transmission with rank exceeding four
Also, for multi-DCI based NCJT, it could be more convenient that each CSI report is TRP specific rather than hypothesis-specific, i.e., the first and second PMIs in the CSI report would correspond to the same TRP under single-TRP transmission and NCJT transmission, respectively. This appears to be a more natural approach for multi-DCI based NCJT, especially in case the CSI Report configuration is separate for each TRP. Note that up to two CQIs are needed in each CSI report under this approach, even if the rank for each hypothesis transmission is within 4. Details of CQI configuration for such scenario are FFS.
Under multi-DCI mTRP, at least two CSI reports should be fed back, with one CSI report dedicated for each TRP
For multi-DCI based NCJT, the first and second PMIs in the CSI report correspond to the same TRP under single-TRP transmission and NCJT transmission, respectively

CSI Reporting for HST-SFN
[image: ]
[bookmark: _Ref61395400]Figure 1. HST deployment with a series of RRHs along the railway
In RAN1#103e, it was agreed that supporting CSI Reporting framework for HST-SFN is not precluded. Although HST-SFN is considered a multi-TRP transmission scenario, it fundamentally deviates from conventional multi-TRP transmission for eMBB, due to SFN transmission mode adopted for HST, where the same layer is transmitted from both TRPs. As a result, one RI/LI/CQI suffices in a CSI report corresponding to HST-SFN scenario, however two CRI/PMI are still needed.
The CSI feedback framework for HST-SFN schemes deviates from that of eMBB-based  mTRP schemes, since for HST-SFN scenarios the data is transmitted in SFN manner from both TRPs
CSI Report for HST-SFN should include 2 PMI/CRI and 1 RI/LI/CQI 
Note for HST-SFN scheme, although DMRS for PDSCH are transmitted in SFN manner, it is necessary that different CSI-RS resources are used for different TRPs to enable precise characterization of the 2 PMIs.
TRP-specific CSI-RS Resources should be used in HST-SFN deployment
As shown in Figure 1, for HST-SFN, the UE may be in close proximity to one TRP, whereas the other TRP is far enough from the TRP that its contribute to the channel gain is negligible. In such case, it may be beneficial if the UE dynamically omits the PMI corresponding to the far TRP, whose RSRP (or SINR) is significantly lower, compared with the closer TRP. Such approach would significantly reduce the CSI feedback overhead for a notable period of time, in addition to reducing the complexity at the UE incurred from computing two PMIs simultaneously with little to no gain. Note that the decision to omit the CSI reporting for the far TRP can be made prior to calculation of the second PMI, based on the difference in RSRP (or SINR) from both TRPs.
In HST-SFN scenarios, it is more efficient for the UE to dynamically switch between mTRP-based CSI feedback and single-TRP based CSI feedback, based on the relative proximity of the UE to both TRPs
Support dynamic omission of CSI from one of the two TRPs in HST-SFN based on the difference in RSRP value with respect to the other TRP
Type-II Port Selection Codebook Enhancement
[bookmark: _Hlk53958228]In RAN1#103-e [1], the following preliminary agreements were made for CSI enhancements under FDD channel reciprocity in FR1:
	Agreement
Port selection codebook enhancements utilizing DL/UL reciprocity of angle and/or delay is supported in Rel-17.

Agreement
Study following alternatives, and select one or a combination of multiple alternatives for Rel-17 in RAN1#104-e:
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Reciprocity codebook Structure
Some companies have proposed to use the same structure as Rel. 15 Type-II Port Selection Codebook (Alt1 and Alt2) as a starting point for the FDD reciprocity codebook. We do not believe the Rel. 15 Type-II Port Selection Codebook is a good basis for the new reciprocity codebook, since the Rel. 16 codebook is more flexible in terms of frequency compression via varying the frequency compression parameter pv. Also, it was concluded in the Rel. 16 MIMO discussions that Rel. 16 Type-II codebook outperforms Rel. 15 Type-II codebook in both throughput and CSI feedback overhead. Given that, we believe Rel. 16 Type-II codebook should be the baseline for the FDD reciprocity codebook, and hence Alt1 and Alt2 should be ignored.
The motivation to use Rel. 15 Type-II port selection codebook is not clear since it is regarded as a special case of Rel. 16 Type-II port selection codebook, which achieves higher throughput with less CSI feedback overhead
Alt1 and Alt2 should not be considered for Rel. 17 Reciprocity codebook
As discussed in our prior contribution document for Rel. 17 CSI enhancements, FDD channel reciprocity can be exploited to achieve both spatial and frequency beamforming such that the CSI-RS beamforming helps flatten the channel response, i.e., a codebook with M=1 (WB codebook) would suffice to realize most the performance of  sub-band based CSI reporting, at least theoretically. In more detail, looking back into the Rel. 16 port selection codebook, the design of the CSI-RS beamforming matrix G(n) is made generic. Assume a simplified model with a single antenna port at the UE and a ULA of M antennas with spacing d at the gNB, and wavelength , the UL and DL channel models with duplexing distance of ∆F for sub-band n can be rewritten as


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

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

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

where the second term would vanish for richly scattered environments. The UE would then be able to estimate  and report it to the gNB in the CSI feedback report, and hence construct the DL channel, given its knowledge of τp, θp thanks to the UL/DL channel reciprocity. For such scenario, one amplitude and one phase value are required to be reported corresponding to each CSI-RS port. Clearly, this model fits into Rel. 16 port selection codebook with M=1, i.e., WB reporting. Note that the second term (*) would not vanish for all channel conditions, which may require reporting more than one magnitude/phase pair per port, i.e., M>1.
Under strong UL/DL channel reciprocity, the gNB can deduce the delays and angles of arrivals based on SRS transmission, however the complex path gains cannot be deduced from UL SRS transmission
Introduce additional parameter values for Rel. 16 Type-II port selection codebook, e.g., include WB reporting with M=1
Given the prior analysis, the second term in (*) is not guaranteed to vanish for all channel conditions, restricting the structure of the reciprocity codebook, e.g., Alt0, may not be a good alternative. Note that Alt0 assigns to the network the port selection process, which would be optimal only if the reciprocity between the uplink and downlink channels is very strong, which is not guaranteed. In light of that, Alt0 should not be supported for Rel. 17 reciprocity codebook. 
Alt0 should not be considered for Rel. 17 Reciprocity codebook
Thereby only Alt3, Alt4 and Alt5 are preferred to be considered given the prior arguments. 
During the discussion of eType-II codebook in Rel. 16, the format of the frequency compression matrix Wf was discussed, and it was shown that DFT-based frequency compression achieves efficient performance. Also, the motivation behind using a selection matrix for the frequency domain compression matrix would heavily rely on the structure of the CSI-RS beamforming, which should remain transparent. On the other hand, the DFT-based frequency transformation adopted in Rel. 16 Type-II codebook was shown to transform the channel to a sparser domain, wherein the UE can select a subset of the basis to optimize the throughput/overhead tradeoff. Clearly, exploiting the FDD channel reciprocity can help further reduce the overhead corresponding to the selected basis size, however it is not clear why the new codebook would deviate from that structure, at least conceptually. Therefore, in the interest of time, the same frequency compression method, i.e., DFT-based frequency compression, should be supported. 
DFT-based frequency transformation has shown to be efficient with respect to optimizing the performance/overhead tradeoff in Rel. 16 Type-II codebook types. The motivation behind adopting an alternative frequency-domain transformation is not clear
This omits Alt3-1 and Alt4, leaving only Alt3-0, Alt3-2 and Alt5. Alt5 induces high complexity in CSI-RS port mapping to SD-FD basis indices, which deviates from the goal of exploiting channel reciprocity to reduce complexity of the CSI-RS configuration. Alt3-2 uses an intermediate subset selected by the network to reduce the number of FD basis indices from which the UE selects a smaller subset of FD basis indices, whereas Alt3-0 has no intermediate FD basis. In general, either Alt3-0 or Alt3-2 seem to be reasonable alternatives for reciprocity-based Rel. 17 Type-II port selection codebook. RAN1 should focus on down selection from both alternatives in the upcoming meeting.
Support Alt3-0 or Alt3-2 for reciprocity-based Rel. 17 Type-II Port Selection Codebook
Polarization-common vs. polarization-specific port selection
During the discussion of eType-II codebook in Rel. 16 it was discussed whether the beam selection process at the UE should be polarization common or polarization specific. It was shown that the gains achieved due to polarization-specific beam selection is negligible, whereas the linear combination coefficients quantization is polarization-specific. More importantly, it is not clear how such modifications are related to exploiting the reciprocity between UL and DL channels. Thereby, the port selection and coefficient quantization processes should follow in the footsteps of Rel. 15 and Rel. 16 Type-II Port Selection Codebooks.
Based on analysis of prior Type-II codebook types, using polarization-common spatial domain basis transformation and polarization-specific quantized linear-combination coefficients provides efficient performance compared with other alternatives related to polarization common/specific codebook design parameters
Polarization-common port selection and polarization-specific coefficient quantization are supported for Rel. 17 Reciprocity-based Port Selection codebook
Codebook Configurations to exploit Channel Reciprocity
One factor on which the robustness of the reciprocity-based codebook design heavily depends is the temporal correlation between SRS-based channel estimates and the beamformed CSI-RS based channel estimates. Such correlation is significantly impacted by the time gap between the SRS transmission and the beamformed CSI-RS transmission. Clearly, the larger the time gap between the SRS and beamformed CSI-RS transmission, the weaker the channel reciprocity. In addition, other channel impairments, e.g., channel calibration and estimation errors, would further weaken the correlation between the UL and DL channel estimates.  
UL/DL channel reciprocity strongly depends on the time gap between the SRS and beamformed CSI-RS transmissions
In order to ensure strong correlation between UL and DL channels and hence assume the channel reciprocity still holds with higher reliability, one solution would be limiting the time gap via DCI triggering between SRS transmission and beamformed CSI-RS transmission to x slots, where the value of x is FFS. Alternatively, the CSI-RS beamforming for the reciprocity-based codebook should be based on channel estimates from aperiodic SRS which are triggered for transmission within a few slots from the transmission of the beamformed CSI-RSs. 
Aperiodic SRS triggering is needed in conjunction with the beamformed CSI-RS for the reciprocity-based codebook, with a limited time gap between the transmission of both RSs
Additionally, the analysis provided in Section 3.1 for UL/DL channel reciprocity implies that the strength of the UL/DL reciprocity model relies on channel-dependent parameters which may vary dynamically from one transmission to another. In case of weak channel reciprocity, the CSI-RS beamforming may fail to reduce the number of dominant basis dimensions/coefficients of the channel and hence reducing the CSI feedback beyond that of Rel. 16 Type-II codebook may not be possible. Thereby it might be of interest to the UE to indicate to the network that a fallback to a weak-reciprocity-based CSI feedback mode is needed. One way to achieve that is via configuring the codebook with two frequency compression factors pv(1) and pv(2), where pv(1) is used for CSI feedback under strong channel reciprocity, whereas pv(2) is used under weaker reciprocity, such that pv(2)> pv(1), i.e., larger transformed frequency basis size is used under weaker reciprocity. The UE can then indicate to the network the selected compression factor from pv(1) and pv(2), since the UE can assess the channel reciprocity strength based on the channel characteristics corresponding to the received beamformed CSI-RSs. Details are FFS.
The UE may need to toggle between more two CSI feedback modes based on the instantaneous strength of the channel reciprocity
Configure the UE with two frequency compression parameter values for both strong and weak channel reciprocity, where the UE can select the appropriate parameter value based on the strength of the channel reciprocity
Conclusion
This contribution addressed CSI enhancements for NR Rel. 17, including enhancements for NCJT as well as CSI enhancements under FDD channel reciprocity in FR1. 
For CSI enhancements for NCJT multi-TRP, we have the following observations:
1. It is not clear whether a single CSI Reporting Setting would configure one or more CSI Reports
1. Multi-DCI setup is an important case of mTRP deployment, especially for non-ideal backhaul-based mTRP transmission
1. Rel. 16 Type-II codebook achieves better performance compared with Type-I codebook, as well as being configurable for different performance/overhead tradeoff points
1. In order to support NCJT, Type-II codebook types should be configurable with more than one CSI-RS resource for a given UE
1. Alt3 is the most flexible alternative in terms of dynamically supporting different channel hypotheses based on the network traffic
1. CSI feedback overhead of Alt3 can be reduced via CSI omission-like procedures, reporting a subset of the CSI indicators or differential parameter reporting
1. It is not clear whether CSI reporting for rank exceeding four should be supported in Rel. 17 CSI feedback enhancements
1. Under multi-DCI mTRP, at least two CSI reports should be fed back, with one CSI report dedicated for each TRP
1. The CSI feedback framework for HST-SFN schemes deviates from that of eMBB-based  mTRP schemes, since for HST-SFN scenarios the data is transmitted in SFN manner from both TRPs
1. In HST-SFN scenarios, it is more efficient for the UE to dynamically switch between mTRP-based CSI feedback and single-TRP based CSI feedback, based on the relative proximity of the UE to both TRPs
Based on the observations above, we have reached the following conclusions for CSI enhancements under NCJT:
1. At least for the single-DCI multi-TRP scenario, discuss the number of CSI Reports configured per CSI Reporting Setting
1. Clarify the relationship between CSI Reports and channel hypotheses
1. Support multi-DCI mTRP CSI enhancements along with single-DCI mTRP
1. The UE should be configured by the network to report NCJT-based CSI feedback under multi-DCI setup
1. Support explicit CSI-ReportConfig from each TRP for multi-DCI based NCJT
1. RAN1 should strive to develop a codebook-transparent framework for CSI Reporting under NCJT
1. Support Type-II codebook for NCJT along with Type-I single-panel codebook type
1. For a UE configured with Type-II codebook, it can be configured with more than one CSI-RS resource for CMR under aperiodic CSI Reporting
1. Further study the motivation to support non-PMI based port-selection for NCJT
1. Support Alt3 for CSI Reporting mechanism under NCJT
1. Discuss whether CSI enhancements for NCJT should support transmission with rank exceeding four
1. For multi-DCI based NCJT, the first and second PMIs in the CSI report correspond to the same TRP under single-TRP transmission and NCJT transmission, respectively
1. CSI Report for HST-SFN should include 2 PMI/CRI and 1 RI/LI/CQI
1. TRP-specific CSI-RS Resources should be used in HST-SFN deployment
1. Support dynamic omission of CSI from one of the two TRPs in HST-SFN based on the difference in RSRP value with respect to the other TRP
For CSI enhancements under FDD channel reciprocity in FR1, we have the following observations: 
1. The motivation to use Rel. 15 Type-II port selection codebook is not clear since it is regarded as a special case of Rel. 16 Type-II port selection codebook, which achieves higher throughput with less CSI feedback overhead
1. Under strong UL/DL channel reciprocity, the gNB can deduce the delays and angles of arrivals based on SRS transmission, however the complex path gains cannot be deduced from UL SRS transmission
1. DFT-based frequency transformation has shown to be efficient with respect to optimizing the performance/overhead tradeoff in Rel. 16 Type-II codebook types. The motivation behind adopting an alternative frequency-domain transformation is not clear
1. Based on analysis of prior Type-II codebook types, using polarization-common spatial domain basis transformation and polarization-specific quantized linear-combination coefficients provides efficient performance compared with other alternatives related to polarization common/specific codebook design parameters
1. UL/DL channel reciprocity strongly depends on the time gap between the SRS and beamformed CSI-RS transmissions
1. The UE may need to toggle between more two CSI feedback modes based on the instantaneous strength of the channel reciprocity
Based on the observations above, we have reached the following conclusions for CSI enhancements under FDD channel reciprocity in FR1:
1. Alt1 and Alt2 should not be considered for Rel. 17 Reciprocity codebook
1. Introduce additional parameter values for Rel. 16 Type-II port selection codebook, e.g., include WB reporting with M=1
1. Alt0 should not be considered for Rel. 17 Reciprocity codebook
1. Support Alt3-0 or Alt3-2 for reciprocity-based Rel. 17 Type-II Port Selection Codebook
1. Polarization-common port selection and polarization-specific coefficient quantization are supported for Rel. 17 Reciprocity-based Port Selection codebook
1. Aperiodic SRS triggering is needed in conjunction with the beamformed CSI-RS for the reciprocity-based codebook, with a limited time gap between the transmission of both RSs
1. Configure the UE with two frequency compression parameter values for both strong and weak channel reciprocity, where the UE can select the appropriate parameter value based on the strength of the channel reciprocity
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Alt 1 and  Alt 2 :   Based on    𝐖 = 𝐖 𝟏 𝐖 𝟐 ,    study following detailed design of matrices   𝐖 𝟏 ,   at least for rank 1.      Alt 1:  𝐖 𝟏 ∈ ℕ   P CSI − RS × K 1 ( K 1 ≤   P CSI − RS )   is a port selection matrix  in order to freely select  K 1   ports  out of  P CSI − RS   CSI - RS ports or   K 1 2   ports out of   P CSI − RS 2   CSI - RS ports   (FFS polarization - common/specific selection) whereas each column of   𝐖 𝟏   has only one element of “1”      Alt2 :  𝐖 𝟏 ∈ ℕ   P SD − FD × K 2 ( K 2 ≤   P SD − FD   =   O f P CSI − RS , , O f ≥ 1 )   is a SD - FD  basis  selection  matrix  in  order  to  freely  select    K 2   bases out of  P SD − FD   bases or   K 2 2   bases out of   P SD − FD 2   bases  (FFS  polarization - common/specific selection) whereas each column of   𝐖 𝟏   has only one element of “1”   o   FFS the mechanism of conveying  SD - FD beamforming bases   using CSI - RS ports  
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Alt 3 , Alt 4 , and Alt5 :   Based on    𝐖 = 𝐖 𝟏 𝐖 𝟐 𝐖 𝐟 𝐇 ,    study following detailed design of matrices    𝐖 𝟏   and    𝐖 𝐟   , at least for rank 1.      Alt3:  𝐖 𝟏 ∈ ℕ   P CSI − RS × K 1 ( K 1 ≤   P CSI − RS )   is a port selection matrix in order to freely select  K 1   ports  out of  P CSI − RS   CSI - RS ports or   K 1 2   ports out of  P CSI − RS 2   CSI - RS ports    (FFS polarization - common/specific selection)  whereas each column of   𝐖 𝟏   has only one element of “1 ”   o   Alt3 - 0 (one SD - FD /SD   pair per port): 𝐖 𝐟 ∈ C N 3 ×   M v (   M v   ≤ N 3 )   is a DFT based compression  matrix  (FFS: configured/indicated to the UE and/or selected/reported by the UE) ,  whereas  N 3   = N CQISubband *R and    𝐌 𝐯 ≥ 1 .    o   Alt3 - 1 (Multi - SD - FD  pairs per port): 𝐖 𝐟 ∈ C N 3 ×   M v (   M v ≤ N , N   ≤ N 3 )   is a DFT matrix  selected by the UE from N pre - configured/pre - defined DFT vectors ,  whereas  N 3   =  N CQISubband *R and    𝐌 𝐯 ≥ 1 .       FFS the mechanism of conveying  SD - FD beamforming bases   using CSI - RS ports      Note that    M v = N   is not excluded by gNB/codebook configuration.    o   Alt3 - 2  (Multi - SD - FD /SD   pairs per port):   𝐖 𝐟 ∈ ℕ K 3 × M ( M ≤ K 3 )   is a   selection matrix in  order to select M SD - FD basis whereas  each column of   𝐖 𝐟   has only one element of “1”,       FFS the mechanism of conveying SD - FD beamforming bases using CSI - RS ports      N ote that  𝐖 𝐟   can be an identity matrix  
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   Alt4 :  𝐖 𝟏 ∈ ℕ   P group × K 4   ( K 4   ≤   P group )   is a port - group selection  matrix   to  freely  select  K 4   groups  out of   P group   port group s or  K 4 / 2    groups  out of   P group / 2   port group s   (FFS polarization - common/specific selection)   whereas  P CSI − RS   CSI - RS ports in a resource are divided into  P group   group s   with  K 5   ports per group, and each port group corresponding to the same SD basis   o     𝐖 𝐟 ∈ ℕ K 5 × M ( M ≤ K 5 )   is  a  selection  matrix  to select the same M ports across all port groups  each column of   𝐖 𝐟   has only one element of “1” .       Alt5:  𝐖 𝟏 ∈ ℕ   P SD − FD × K 2 ( K 2 ≤   P SD − FD   =   O f P CSI − RS , , O f ≥ 1 )   is a SD - FD  basis  selection  matrix  in  order  to  freely  select    K 2   bases out of  P SD − FD   bases or   K 2 2   bases out of   P SD − FD 2   bases (FFS  polarization - common/specific selection) whereas each column of   𝐖 𝟏   has only one element of “1”   o   𝐖 𝐟 ∈ C N 3 ×   M v (   M v ≤ N , N   ≤ N 3 )   is a DFT based compression matrix (FFS:  configured/indicated to the UE and/or selected/reported by the UE) ,  whereas  N 3   =  N CQISubband *R and    𝐌 𝐯 ≥ 1 .   o   FFS the mechanism of conveying SD - FD beamforming bases using CSI - RS ports  
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Alt 0 :  Based on    𝐖 = 𝐖 𝟏 𝐖 𝟐   or     𝐖 = 𝐖 𝟏 𝐖 𝟐 𝐖 𝐟 𝐇 ,    𝐖 𝟏   can be an identity matrix  


