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Introduction
In [1], two work-item were scoped for Rel-17 further CSI enhancement:
4. [bookmark: _GoBack]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.
For mTRP CSI, we discuss relevant details of the aspects agreed in 103e and CSI computation complexity.
For FDD CSI, alternatives on codebook structure were listed in RAN1 #103e [2]. In this contribution, we discuss pros and cons of each alternative and elaborate on our preference.
Discussion on CSI enhancement for mTRP
The following was agreed in RAN1 #103e:
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
Given the note in the above agreement, we will focus on NCJT CSI enhancement with single reporting setting in this contribution. NCJT CSI enhancement with two report settings can be discussed in futures meetings after a certain level of maturity of NCJT CSI single reporting setting while striving for commonality between the two.
In this section, we discuss the following aspects for NCJT CSI with single reporting setting. 
· [bookmark: o1]CMR pairing
· CRI Codepoint mapping in CSI report
· Interference resources
· CPU and active resources / ports
· CSI reporting

It is agreed that CMRs in a given CSI-RS resource set are associated to different TRPs, i.e. a pair of CMRs correspond to a NCJT CSI hypothesis. One remaining issue is how to determine the CMR pairs (and hence NCJT hypotheses) if the resource set contains more than two CMRs. For this issue, assuming that the resource set contains  CMRs, there can be multiple options:
· Option 1: The CSI-RS resource set for channel measurement can be only configured with up to two CMRs ().
· In this option, only one NCJT CSI hypothesis is possible. Since there are two CMRs, up to two single-TRP hypotheses are possible. This option is simple but is very inflexible as multiple NCJT CSI hypotheses cannot be evaluated by the UE for the CSI report config, and also, CSI for multiple TCI states within a TRP or CSI for more than two TRPs cannot be configured for the UE to evaluate. 
· Option 2: Each two CMRs out of  CMRs construct a valid NCJT hypothesis for UE to evaluate.
· In this option, in addition to  single-TRP hypotheses, there are  NCJT hypotheses. Hence, the number of CSI hypotheses for the UE to evaluate is very large for , which results large complexity at the UE exceeding the CPU capability limit. In addition, gNB does not have control over CMR pairing. For example, not all beam pairs may be compatible in FR2 in terms of being simultaneously transmittable or simultaneously receivable. 
· Option 3: CMRs are divided in to two or more groups, and a pair of CMRs belonging to different groups construct a NCJT hypothesis.
· Assuming  groups, with group  containing  CMRs, where . The number of groups represents the number of TRPs, e.g.,  corresponds to the case of two TRPs with  beams from the first TRP and  beams from the second TRP.  
· In addition to  single-TRP hypotheses, there are  NCJT hypotheses.
· In this option, CMR pairs that belong to the same group are not evaluated as they are not simultaneously transmittable. Hence, gNB has some control over CMR pairing. Additional restrictions / configuration flexibility may be needed as not all beam pairs that are in different groups may be simultaneously receivable. This option is more aligned with the discussions of the mTRP beam reporting enhancements (item 2c).
· Option 4: One or more pairs of CMRs are explicitly configured within a resource set.
· In this option, CMR pairing is completely flexible and is up to the gNB. This option can achive similar functionality as of Option 3 but possibly with larger overhead due to lack of structure of CMRs (i.e. no CMR grouping / no association between CMR and TRP). 
Table 1 summarizes the four options as discussed above for CMR pairing. Based on the discussions, we believe either Option 3 (possibly with additional restrictions) or option 4 should be supported for CMR pairing and NCJT hypotheses configuration.
[bookmark: _Ref60580709]Table 1: Summary of different options for CMR pairing. 
	
	# of NCJT hypotheses
	# of s-TRP hypotheses
	Pros / Cons

	Option 1
	
	
	Simple but lacks flexibility. Not consistent with Rel. 15 (i.e. DPS) CSI reporting

	Option 2
	
	
	No control over pairing; large number of hypotheses for  

	Option 3
	
	
	Similar to mTRP beam reporting enhancements (item 2c); One group corresponds to a TRP; additional configuration flexibility may be needed (not all pairs may be compatible)

	Option 4
	
	
	Can provide similar flexibility as option 3, but may potentially require larger signaling overhead


Proposal 1: Support one of the following options for CMR paring / NCJT hypotheses configuration:
· Option 3: CMRs are divided in to two or more groups, and a pair of CMRs belonging to different groups construct a NCJT hypothesis.
· Option 4: One or more pairs of CMRs are explicitly configured within a resource set.

The following was agreed in RAN1 #103-e:
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

With respect to CRI indication in a CSI report, it is obvious that CRI should uniquely determine the selected CSI hypothesis. In Rel. 15, there is a one-to-one mapping between CRI codepoint and CMR in a CSI-RS resource set. Since a NCJT CSI hypothesis is identified by a CMR pair, additional CRI codepoints are needed. Ultimately, CRI should identify whether a reported CSI corresponds to a single-TRP CSI hypothesis (associated with one CMR) or it corresponds to a NCJT CSI hypothesis (associated with a CMR pair), and also, identify to which single-TRP / NCJT hypothesis it corresponds. For this, if the CSI-RS resource set is configured with  CMRs, the first  CRI codepoints correspond to single-TRP hypotheses (same as Rel. 15) and the additional CRI codepoints are mapped to CMR pairs corresponding to NCJT hypotheses. This is illustrated in Figure 1 with  CMRs and two CMR pairs.
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[bookmark: _Ref60587705]Figure 1: Illustration of CRI codepoint mapping in CSI report for  CMRs and two CMR pairs.
Proposal 2: In a CSI report config with 𝐾 CMRs, CRI codepoint mapping to CSI hypotheses is be based on 
· First 𝐾 CRI codepoints are mapped to single-TRP hypotheses (same as Rel. 15).
· The additional CRI codepoints are mapped to CMR pairs corresponding to NCJT hypotheses.

The following was agreed in RAN1 #103-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

With respect to CSI-IM given by csi-IM-ResourcesForInterference, the same principle as in Rel. 15 / 16 should be followed. Specifically, in Rel. 15 / 16, each CMR is resource-wise associated with a CSI-IM resource (one-to-one mapping), and the number of CMRs is equal to the number of CSI-IM resources. In other words, for each CSI hypothesis, a separate CSI-IM is configured. In Rel. 17, a CSI hypothesis can correspond to either a CMR (single-TRP hypothesis) or a CMR pair (NCJT hypothesis). As discussed above, CRI codepoint should uniquely determine a CSI hypothesis. Hence, a one-to-one mapping between a CSI hypothesis and a CSI-IM resource is equivalent to a one-to-one mapping between a CRI codepoint and a CSI-IM resource. It is important to note that a CSI-IM resource associate with a single-TRP hypothesis may not be directly used for NCJT hypothesis. This is because i) For a NCJT hypothesis, the second TRP is already captured as a second CMR (and not as CSI-IM) ii) The interference condition for out-of-cluster interference from other TRPs may be different for different CSI hypotheses. This is illustrated in Figure 3. It should be noted that for a single-TRP CSI hypothesis, whether the other TRP is included in the CSI-IM (other TRP is not muted) or not (other TRP is muted) is up to the network to configure.
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[bookmark: _Ref60590847]Figure 3: Illustration of CSI-IM Resources for single-TRP and NCJT CSI hypotheses.
Proposal 3: Support one-to-one mapping between CSI-IM and CRI codepoint for a given CSI-ReportConfig. 
For QCL-TypeD assumption of CSI-IM resource, similar to Rel. 15, the same QCL-TypeD as of the CMR should be applied. This is because the interference should be measured using the same receive beam as the one used for CMR measurement. Given that a NCJT hypothesis is associated with two CMRs with different TCI states, a CSI-IM resource configured for the NCJT hypothesis should be measured with both QCL-TypeD assumptions.   
Proposal 4: QCL-Type D of the CMRs associated with a NCJT hypothesis are applied to the corresponding CSI-IM resource.

In Rel. 15/16, CPU and active CSI-RS resource/port occupation are specified to address the UE complexity related to CSI computation. For example, for CPU occupation, a report config with M CMR resources occupies M CPUs, or if a CSI-RS appears N times no matter in the same or different report configs, it is counted as N times toward the CPU budget (similarly, they are counted as N times toward the active resources and active ports). For a NCJT hypothesis, the number of CPUs should correspond to the number of PMI calculations, which is two. In addition, it should be considered as two active resources, and total number of ports should be considered for the NCJT hypothesis. Note that these numbers are separate than single-TRP hypotheses, i.e., if there are two single-TRP hypotheses and one NCJT hypothesis using the same resources / ports as the single-TRP hypotheses, the numbers should be separately counted toward CPU and active CRI-RS resource/port occupations as illustrated in Figure 2. This is because there are separate CSI computations corresponding to different CSI hypotheses.
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[bookmark: _Ref47519235]Figure 2: CPU and active CSRI-RS resource / port occupation for NCJT CSI.
Proposal 5: An NCJT CSI hypothesis occupies two CPUs, two active resources, and a number of active ports corresponding to both CMRs. These numbers are separate from single-TRP hypotheses.
With respect to CSI codebook configuration, UE complexity aspects should be carefully considered. In particular, RAN1 should avoid overdesigning the CSI for multi-TRP transmission which may not be practically valuable while increasing UE complexity and implementation cost. For example, Type I codebook should be the main focus as MU-MIMO with multi-TRP is not supported in Rel. 16. This is because main gain of multi-TRP transmission is for the cell-edge UEs and also in the case of small / medium resource utilization, where MU-MIMO may not be of interest in these regimes. 
It is already agreed that at least ‘typeI-SinglePanel’ codebook is supported. We think additional codebooks are not necessary for NCJT CSI. In addition, it should be noted that with existing restriction in the specification, a CSI-RS resource set cannot contain more than one CSI-RS resource in the case of 'typeII', 'typeII-PortSelection', 'typeII-r16' or to 'typeII-PortSelection-r16' codebooks, which means that NCJT CSI is not possible for these codebooks as at least 2 CMRs are needed for NCJT CSI.
Proposal 6: Codebooks other than ‘typeI-SinglePanel’ are not supported for NCJT CSI.

The following was agreed in RAN1 #103-e:
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

In Rel. 15, UE reports only one CSI for a given CSI-ReportConfig even when there are multiple CMRs, by selecting the best hypothesis and indicating the corresponding CRI. This is because all CSI hypotheses have the same type, i.e., they are all single-TCI state hypotheses. However, if there are different CSI hypothesis types in a given CSI-ReportConfig (i.e., some hypotheses are single-TCI state and other hypotheses are NCJT / multi-TCI states hypotheses), then it may make sense to allow two CSI reports for a given CSI-ReportConfig. That is, instead of UE reporting one CSI corresponding to the best hypothesis, UE reports the best hypothesis among the single-TRP hypotheses as well as the best hypothesis among the multi-TRP hypotheses. This corresponds to Alt1 in the agreement above and is illustrated in Figure 4.   
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[bookmark: _Ref47526146]Figure 4: UE reports two CSIs corresponding to the best single-TRP hypothesis and the best NCJT hypothesis.
Even though this may increase the reporting overhead, the two CSI reports can be very helpful for gNB to make proper scheduling decisions. For example, even though a NCJT CSI hypothesis can result in higher CQI from UE’s perspective, it utilizes more resources from network side and the trade-offs may be different. Hence, it would be more useful if the UE reports the two corresponding CSIs (Alt1) instead of selecting one CSI to report for both single-TRP hypotheses and multi-TRP hypotheses (Alt2). On the other hand, Alt2 has smaller overhead and should be allowed as an additional option. How to configure / select between Alt1 and Alt2 can be further studied. 
Proposal 7: For NCJT CSI reporting, support both Alt1 and Alt2.
· FFS: How to configure / select between Alt1 and Alt2.
For the case of Alt1, an order of the two CSI reports associated with the CSI-ReportConfig is needed. This order can be used for both UCI construction as well as CSI omission. The order can be, for example, based on the single-TRP CSI report being first / having a higher priority compared to the NCJT CSI report. Note that in the current specification, each CSI is assigned a priority for UCI omission, which is described as , where  represents the CSI type (AP/SP/P CSI report),  corresponds to whether CSI report carries L1-RSRP / L1-SINR or not,  is the CC index, and  is the reportConfigID. In Alt1, given that two CSI’s may be reported for a given reportConfigID, the priority of the CSI can be can be described by an additional index  as , where  corresponds to single-TRP CSI and NCJT CSI, respectively.
Proposal 8: For Alt1, the order of CSI reports in the UCI as well as CSI priority for CSI omission is based on an order between the two CSI reports associated with the CSI-ReportConfig. CSI priority can be expressed as , where  corresponds to single-TRP CSI and NCJT CSI, respectively.

Discussion on CSI enhancement for FR1 FDD reciprocity
Discussion on codebook structure
The alternatives listed in the last meeting can be categorized into two categories. Cat1 follows Rel-15 Type II structure with 2 matrices , including Alt1 and Alt2, while Cat2 follows Rel-16 eType II structure with 3 matrices  including Alt3-0 and Alt5. In this section, we discuss our understandings of these two categories. We will first elaborate on how each category works and shed light on their pros and cons. 
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[bookmark: _Ref61901587][bookmark: _Ref61901555][bookmark: _Ref61901579]Figure 5: Illustration of Cat1 (Alt1 and Alt2) and Cat2 (Alt3-0 and Alt5)
Cat1 (Alt1 and Alt2): Using Type2-like structure ():
· In this approach, the gNB will firstly determine significant SD and FD bases based on SRS measurement, and will secondly transmit precoded CSI-RS via the determined SD-FD bases pairs. 
· As shown by the example in Figure 5, the gNB may freely select 8 SD-FD pairs (A-H) and use them to form 8 ports. As a consequence of the SD-FD beamforming, the selected pairs are aligned at the first tap of each port. For instance, since SD-FD pair A and B are used for port 1 and port 2, respectively, the desired tap A is shifted to the first tap of port 1 and desired tap B is shifted to the first tap of port 2.
· UE may report a single coefficient per port per layer across the CSI band because all the significant taps are aligned at the same tap though the selection of SD-FD bases are transparent to UE. 
· The actual precoder on FD unit n is , where  and  are the SD-FD bases applied on port k, and  is the reported coefficient. An illustration is shown in Figure 6, considering that port 1, 2, 4, 5 and 7 are selected by UE. It essentially means that SD-FD bases pairs A, B, D, E and G are preferred by UE.
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[bookmark: _Ref61901624]Figure 6: Illustration of PMI and actual precoding of Cat1
Cat2 (Alt3-0 and Alt5): Using eType2-like structure ()
· In this approach, the gNB may determine SD-FD bases based on SRS similar to Cat1. Then, the gNB may partially convey the SD-FD bases pairs via CSI-RS beamforming and partially convey the FD bases (associated to each port) via configuration. 
· As shown by the illustration in Figure 5, the gNB may use SD-FD bases pair A, C, D and F to formulate 4 ports. Such beamforming aligns A, C, D and F on the first tap of the 4 ports, while there are other significant taps B, E, G and H lie on other taps. Then, in addition to the first tap of each port, the network may also configure UE to measure CSI considering tap 2 of port 1 (B), tap 8 of port 3 (E), tap 2 of port 4 (G) and tap 8 of port 3 (H). 
· Compared to Cat1, UE needs to compute not only coefficients associated with first tap, but also coefficients on other configured taps. 
· The actual precoder on FD unit n is ,  and  are the SD-FD bases applied on port k, while  is the additional FD bases applied on port k. By absorbing the configured FD bases into the beamformed bases and aggregating the two summation, it can be seen that the actual precoder of Cat1 and Cat2 are equivalent. An illustration is shown in Figure 7, considering tap 1 and tap 2 of port 1, tap 1 and tap 8 or port 3, and tap 2 of 4 are selected. It essentially means that SD-FD bases pairs A, B, D, E and G are preferred by UE.
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[bookmark: _Ref61901704]Figure 7: Illustration of PMI and actual precoder of Cat2
Despite similarities in actual precoder, Cat1 and Cat2 may have pros and cons in following aspects. Cat1 has the better flexibility in basis selection including bases types (SVD or DFT) and number of bases in SD domain or FD domain, while its drawback is large CSI-RS overhead. For Cat2, as it stands, it is beneficial in saving CSI-RS overhead considering same total number of bases pairs as Cat1. However, such benefit comes with the cost of 1) restricting FD bases type to DFT as it is difficult to configure SVD bases due to large overhead, and 2) limited number of SD bases because SD bases are not configurable. Looking at Cat2 from another angle, it may achieve better throughput considering same number of CSI-RS bases but conveying larger number of bases compared to Cat1. However, such benefit comes with the cost additional DFT operation at UE side and larger CSI overhead. 
Simulation results are shown in Figure 8 and Figure 9, considering 1) 20MHz bandwidth, 2) 8RB as subband size, and 3) CSI-RS precoding granularity is per-RB (i.e., R=8). For each Alt1 and Alt3-0, CSI-RS port density equal to 1 and 0.5 are evaluated. On each curve of Alt1, the first value represents the number of total ports, while the second value represents ratio of port-selection per layer (here, 32-ports are evaluated and the number of coefficients are 16 and 32 per layer). On each curve of Alt3-0, the first value represents the number of total ports, the second value represents number of FD bases per port, while the third value represents ratio of coefficients per layer. In other words, the number of total bases are 32 (resp. 64) on the first (last) two points, the total number of coefficients are 16 and 32 per layer (resp. 32 and 64 per-layer). The baseline is the lowest point of Alt1 with CSI-RS density equal to 1. It can be seen that under the same CSI reporting overhead (i.e., same number of total bases), Alt3-0 is worse than Alt1 by 3%. With same CSI-RS configuration (but more bases selection), Alt3-0 achieves around 4%~6% gain over Alt1 with the cost of 22%~100% more CSI payload.

[bookmark: _Ref61901738]Figure 8: Comparison between Alt1 and Alt3-0 without counting CSI-RS overhead, with the assumption of 1) 20MHz bandwidth, 2) 8RB as subband size, and 3) CSI-RS precoding granularity is per-RB (i.e., R=8).

[bookmark: _Ref61901752]Figure 9: Ccomparison between Alt1 and Alt3-0 counting CSI-RS overhead, with the assumption of 1) 20MHz bandwidth, 2) 8RB as subband size, and 3) CSI-RS precoding granularity is per-RB (i.e., R=8).
Based on the discussion, we have the following observations and proposal.
Observation 1: Applying two-stage codebook () provides better flexibility for gNB to perform basis selection.
Observation 2: Under same total number of SD-FD pairs, three-stage codebook () may save CSI-RS overhead by configuring FD bases (i.e., ) to UE, but throughput degrades due to the restriction in bases selection.
Observation 3: Under same CSI-RS configuration, three-stage codebook () may achieve higher throughput with the cost of larger CSI reporting overhead and additional DFT operations on UE complexity.
Proposal 9: For Rel-17 FDD CSI, support two-stage codebook structure () where W1 as port-selection and W2 as linear combination coefficients. W1 and W2 are reported in wideband sense. (Alt1)
Proposal 10: RAN1 should study and justify the gain of three-stage codebook if decide to specify it.
Moreover, based on the above discussion, it can be seen that additional FD bases is more useful if total number of bases goes beyond 32 (considering bases used for CSI-RS beamforming and network configuration collectively). On the other hand, it also requires larger reporting overhead and higher UE complexity. To achieve a reasonable trade-off among performance, overhead and complexity, a joint configuration and capability signalling of combination of {number of CSI-RS ports per resource, number of FD bases per port} is preferred. An example is provided in Figure 10, where 4 FD bases per port are allowed for 8/16 ports cases, while 24/32 port cases only allow for upto 2 FD bases.
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[bookmark: _Ref61901774]Figure 10: Illustration of joint configuration of number of CSI-RS ports and number of FD bases, where combination 2/3/5/6/8/10 are optional combinations.
Proposal 11: if RAN1 decide to support three-stage codebook (), support joint configuration and capability signalling of combination of {number of CSI-RS ports per resource, number of FD bases per port}.
Discussion on SD-FD pairs to CSI-RS port mapping
The second issue is whether W1 functions as port-selection or pair-selection by mapping multiple SD-FD bases pairs to a single port (i.e., Alt1 vs. Alt2). As discussed in previous meeting, the motivation of mapping multiple SD-FD bases pairs to a single port is to accommodate more SD-FD pairs in a resource without increasing CSI-RS overhead, such as mapping 32 SD-FD pairs into 8-port resource. In this part, we discuss our views and preference towards this issue.
First, from CSI-RS overhead perspective, Alt2 is equivalent to Alt1 with lower CSI-RS density. Specifically, in Alt2, mapping 32 SD-FD pairs into 8-port resource occupies 32REs per 4RB, while in Alt1, mapping 32 SD-FD pairs into a 32-port resource with density 0.5 occupies also occupies 32RE per 4RB (illustrated as scheme 1 in Figure 12). 
Observation 4: Many-to-one pair-to-port mapping results in same CSI-RS overhead as 1-to-1 mapping with density lower than 1.
Second, a single 32 port resource with lower density maps all SD-FD pairs on same RB-comb, while Alt2 maps different SD-FD pairs on different RB-combs, however its benefit is unclear to us. Evaluation results are shown in Figure 11. It can be seen that there is almost no difference between Alt1 and Alt2. Additionally, to enable transmission of different pairs on different RB-comb, there could be other ways combined with Alt1. One option is (illustrated as scheme 2 in Figure 12) to allow port-selection across different resources where each resource is configured on a particular RB-comb. Another option (illustrated as scheme 3 in Figure 12) is to configure multiple CSI-RS patterns for one CSI-RS resource, where each pattern maps a port-group on a particular RB-comb.

[bookmark: _Ref61901798]Figure 11: Performance comparison between Alt1 and Alt2 under various CSI-RS overhead. Alt1: 32 port with density 1, 0.5 and 0.25. Alt2: 32 pairs mapped to 16-port and 8-port resources.
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[bookmark: _Ref61901788]Figure 12: Illustrations of schemes under Alt1 that achieve same CSI-RS overhead and pattern as many-to-one pair-to-port mapping.
Observation 5: Mapping different ports on different RB-comb achieves similar performance to mapping them on same RB-comb.  Mapping different ports on different RB-comb can be achieved by Alt1 combined with port-selection across multiple resources, or configuring multiple CSI-RS patterns for one CSI-RS resource.
Third, mapping multiple SD-FD bases pairs to a single port breaks definition of CSI-RS port. If a CSI-RS port is mapped to multiple SD-FD pairs, UE will treat it as multiple ports. This is because they are transmitted with different precoders so that UE cannot treat them as a single port in channel estimation and CSI measurement. 
Observation 6: Many-to-one pair-to-port mapping breaks definition of CSI-RS ports. It is actually considered as multiple ports from UE perspective.
Fourth, many-to-one mapping has larger spec impact. Specifically, the precoding matrix W defines mapping to CSI-RS ports and the CQI calculation assumption is based on a layer-to-CSIRS port mapping via precoding matrices (section 5.2.2.5 of TS38.214), it is complicated to introduce a pair-to-port mapping between the CSI-RS ports and precoding matrix. Moreover, for each codebook, UE reports capability of number of active CSI-RS port per resource, number of active resources, and number of total active ports. With many-to-one pair-to-port mapping, it is unclear how to use the CSI-RS capability to indicate the capability of SD-FD pairs.
Observation 7: Many-to-one pair-to-port mapping requires larger spec change and complicates UE capability signalling.
Based on the observation, we observe and propose
Proposal 12: RAN1 should not consider many-to-one mapping between SD-FD bases and CSI-RS port.
Conclusion
In this contribution, we discuss issues related to CSI enhancement for mTRP and FR1 FDD reciprocity. For mTRP CSI, we propose:
Proposal 1: Support one of the following options for CMR paring / NCJT hypotheses configuration:
· Option 3: CMRs are divided in to two or more groups, and a pair of CMRs belonging to different groups construct a NCJT hypothesis.
· Option 4: One or more pairs of CMRs are explicitly configured within a resource set.
Proposal 2: In a CSI report config with 𝐾 CMRs, CRI codepoint mapping to CSI hypotheses is be based on 
· First 𝐾 CRI codepoints are mapped to single-TRP hypotheses (same as Rel. 15).
· The additional CRI codepoints are mapped to CMR pairs corresponding to NCJT hypotheses.
Proposal 3: Support one-to-one mapping between CSI-IM and CRI codepoint for a given CSI-ReportConfig. 
Proposal 4: QCL-Type D of the CMRs associated with a NCJT hypothesis are applied to the corresponding CSI-IM resource.
Proposal 5: An NCJT CSI hypothesis occupies two CPUs, two active resources, and a number of active ports corresponding to both CMRs. These numbers are separate from single-TRP hypotheses.
Proposal 6: Codebooks other than ‘typeI-SinglePanel’ are not supported for NCJT CSI.
Proposal 7: For NCJT CSI reporting, support both Alt1 and Alt2.
· FFS: How to configure / select between Alt1 and Alt2.
Proposal 8: For Alt1, the order of CSI reports in the UCI as well as CSI priority for CSI omission is based on an order between the two CSI reports associated with the CSI-ReportConfig. CSI priority can be expressed as , where  corresponds to single-TRP CSI and NCJT CSI, respectively.
For FR1 FDD CSI, based on the observations,
Observation 1: Applying two-stage codebook () provides better flexibility for gNB to perform basis selection.
Observation 2: Under same total number of SD-FD pairs, three-stage codebook () may save CSI-RS overhead by configuring FD bases (i.e., ) to UE, but throughput degrades due to the restriction in bases selection.
Observation 3: Under same CSI-RS configuration, three-stage codebook () may achieve higher throughput with the cost of larger CSI reporting overhead and additional DFT operations on UE complexity.
Observation 4: Many-to-one pair-to-port mapping results in same CSI-RS overhead as 1-to-1 mapping with density lower than 1.
Observation 5: Mapping different ports on different RB-comb achieves similar performance to mapping them on same RB-comb.  Mapping different ports on different RB-comb can be achieved by Alt1 combined with port-selection across multiple resources, or configuring multiple CSI-RS patterns for one CSI-RS resource.
Observation 6: Many-to-one pair-to-port mapping breaks definition of CSI-RS ports. It is actually considered as multiple ports from UE perspective.
Observation 7: Many-to-one pair-to-port mapping requires larger spec change and complicates UE capability signalling.
we propose
Proposal 9: For Rel-17 FDD CSI, support two-stage codebook structure () where W1 as port-selection and W2 as linear combination coefficients. W1 and W2 are reported in wideband sense. (Alt1)
Proposal 10: RAN1 should study and justify the gain of three-stage codebook if decide to specify it.
Proposal 11: if RAN1 decide to support three-stage codebook (), support joint configuration and capability signalling of combination of {number of CSI-RS ports per resource, number of FD bases per port}.
Proposal 12: RAN1 should not consider many-to-one mapping between SD-FD bases and CSI-RS port.
Appendix – simulation setup
	Parameter
	Value

	Scenario
	UMa

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

	Channel model
	The reciprocity model of DL/UL channel is based on 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

	Antenna setup and port layouts at UE
	4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank > 2

	Simulation bandwidth
	20 MHz with 15KHz

	CSI feedback
	CSI feedback periodicity (full CSI feedback) :  5 ms,
Scheduling delay:  4 ms

	Traffic load (Resource utilization)
	80% for SU/MU-MIMO with rank adaptation upto rank-4 each UE
20% for SU-MIMO with rank adaptation up to rank-4

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	SRS modeling for UL channel estimation
	SRS periodicity with 5ms/10ms
SRS error modeling in Table A.1-2 in 36.897 with 

	FDD DL/UL calibration error model at gNB
	Amplitude error (expressed in decibel of ) and phase error are normal distribution with 0.7dB and 5 degrees standard deviation, respectively.
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Alt1 vs. Alt3-0 w/o counting CSI-RS overhead, max Rank4, RU=70%

Alt1, density=1	352	576	1	1.0519132677695506	Alt1, density = 0.5	352	576	0.99424540647786108	1.0483641057241286	Alt3-0, density = 1	352	576	704	1152	0.9480914089004544	0.99840196816189586	1.092694573785026	1.1160292786154333	Alt3-0, density = 0.5	352	576	704	1152	0.94570963369952832	0.99457314516369999	1.0883642904428099	1.1103915235727944	CSI reporting overhead


Relative gain




Alt1 vs. Alt3-0 counting CSI-RS overhead, , max Rank4, RU=70%

Alt1, density = 1	352	576	1	1.0519132677695506	Alt1, density = 0.5	352	576	1.0494812623932976	1.1066065560421356	Alt3-0, density = 1	352	576	704	1152	1.0007631538393684	1.05386874417089	1.092694573785026	1.1160292786154333	Alt3-0, density = 0.5	352	576	704	1152	1.0245187698411555	1.0774542405940084	1.1488289732451882	1.1720799415490606	CSI reporting overhead


Relative gain




32 pairs, max 16 coeff per layer, max Rank4, RU=70%, counting CSI-RS overhead

Alt1	avg. 32RE/RB	avg. 16RE/RB	avg. 8RE/RB	1	1.0494812623932976	1.074994623623196	Alt2	avg. 32RE/RB	avg. 16RE/RB	avg. 8RE/RB	1.0505959372313136	1.0753648094488197	
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