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Introduction
In RAN#86, the Rel-17 WID for further enhancements on NR MIMO was approved [1], in which one potential enhancement is for CSI measurement and reporting as shown as follows
	Enhancement on CSI measurement and reporting:
a. Evaluate and, if needed, specify CSI reporting for DL multi-TRP and/or multi-panel transmission to enable more dynamic channel/interference hypotheses for NCJT, targeting both FR1 and FR2
b. Evaluate and, if needed, specify Type II port selection codebook enhancement (based on Rel.15/16 Type II port selection) where information related to angle(s) and delay(s) are estimated at the gNB based on SRS by utilizing DL/UL reciprocity of angle and delay, and the remaining DL CSI is reported by the UE, mainly targeting FDD FR1 to achieve better trade-off among UE complexity, performance and reporting overhead


In RAN1#103e, progress has been made on MTRP CSI and FDD reciprocity based CSI. Detailed codebook alternatives have been proposed for FDD reciprocity based CSI enhancement. Additionally, general framework for MTRP CSI enhancement has been established.
In this contribution, we provide our views and simulation results for further details on these enhancement aspects. 
Multi-TRP CSI enhancement
In RAN1#103-e meeting, MTRP CSI enhancement category 1 mainly for single-DCI based SDM scheme was agreed, i.e. NZP CSI-RS resources for channel measurement are associated to different TRPs/TCI states at resource level. Meanwhile, category 2 mainly for multi-DCI based scheme with non-ideal backhaul was agreed as a working assumption with lower priority. In this section, we analyze these two categories and provide our preference respectively.
2.1 Category 1
As shown in the following agreements for MTRP CSI category 1 made in RAN1#103 meeting, the CMRs configured within one CSI-RS resource set may be associated for NCJT CSI feedback. The remaining details are mainly from CMR configuration, CPU calculation, CSI reporting. 
	Agreement#1
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


Agreement#2

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
Agreement#3
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#4
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




· CMR configuration
As described in above Agreement#1, CSI-RS resources within one resource set can be from different TRPs for MTRP CSI calculation. In FR2, to joint calculate RI, PMI and CQI for CSI-RS resources from two TRPs, the inter-beam interference should be considered. Since UE may only supports two receive beams at a given time, one CSI-RS resource from TRP1 should be paired with another CSI-RS resource from TRP2 for mutual beam interference calculation. 
Figure 2-1 elaborates a typical scenario for MTRP CSI-RS resource configuration, where CSI-RS resources 1-4 are from TRP1, and CSI-RS resource 5-8 are from TRP2, and it is assumed that beam(or TCI state) 1-8 are configured for CSI-RS resource 1-8 respectively. In the figure, CSI-RS resource 1 and 5 are paired for MTRP CSI feedback, CSI-RS resource 2 and 6 are another pair for MTRP CSI feedback, all remaining CSI-RS resource 3, 4, 7, 8 are for single TRP CSI feedback.   
[image: ]
Figure 2-1 Illustration of MTRP CSI-RS resource configuration
For example, after paired CSI-RS resource 1 and 5, UE will use both receive beam r1 and receive beam r5 to measure CSI-RS resource 1 and resource 5. For CSI calculation based on channel measurement in CSI-RS resource 1, the interference from CSI-RS resource 5 should be considered. Beam and precoder used for CSI-RS resource 5 should be considered in order to simulate interference from TRP 2 as the inter-layer interference for SDM PDSCH transmission. Likewise, for CSI calculation on CSI-RS resource 5, CSI-RS resource 1 is interference. Beam and precoder used for CSI-RS resource 1 should also be considered. Therefore, SINR for two CSI-RS resources 1 and 5 can be derived as follows. 
· 
For CSI-RS resource 1:   
· 
For CSI-RS resource 5:  

wherein ri means UE receive beam ri, RSi means CSI-RS resource i,  is channel matrix between UE and CSI-RS resource i in the case when UE uses receive beam rj, Wi is precoding matrix which will be used by TRP i , and Ii is other interference and noise for CSI-RS resource i. SINRi refers to SINR for CSI-RS resource i. 


In order to acquire the optimal W0 and W1, UE needs to calculate channel matrix  and . The optimal W0 and W1 should target to maximize the sum of throughput of TRP0 and TRP1. For SINR1 calculation, the interference part caused by CSI-RS resource 5 should consider the precoding matrix W5. Also, for SINR5 calculation, the interference part caused by CSI-RS resource 1 should consider the precoding matrix W1. In summary, UE should calculate interference from the coordinated TRP considering optimal precoder and beam used by the coordinated TRP. 
Based on the above analysis, at least in FR2, one CSI-RS resource from TRP1 should be paired with another CSI-RS resource from TRP2 by higher signaling, and then UE will measure both associated CMRs with two receive beams for joint CSI calculation. If pairing information is not configured to UE, how to calculate inter-beam interference will be unclear from UE side and probably mismatch with gNB’s assumption.   
Then, how to configure the pairing information of the CSI-RS resources from the two TRPs ? The simplest solution from our side is just to configure the number of pairs N for the CSI-RS resource set. Assuming the number of resources within the resource set is M, so the first 2N resources can be for MTRP, and the remaining M-2N resources can be for STRP.

Still taking Figure 2-1 as the example, the number of CSI-RS resource pair N=2 for MTRP CSI, and needs to be indicated to UE. Then, the CSI-RS resources in the resource set can be ordered as shown in Figure 2-2, where resource pair (1,5), (2,6) are for MTRP, but resource 3,4,7,8 are for STRP. N should be equal or smaller than . If N=0, all CMRs are for STRP CSI calculation. If N = M/2, all resource pairs are for MTRP CSI calculation.
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Figure 2-2 CSI-RS resource order in the CSI-RS resource set for MTRP CSI

Based on the simple proposal, the number of CRI codepoints can be equal to the number of hypothesis including both MTRP and STRP CSI assumptions, i.e. N + (M-2N). The first N CRI codepoints should one-to-one map with N CMR pairs for MTRP CSI, and the remaining M-2N CRI codepoints should map to M-2N remaining CMRs for STRP CSI. So the number of CRI bits should be . 
Proposal 1: Support to configure UE with the number of pairs N for a CMR resource set which has M CSI-RS resources, where the first N pairs of resources are for MTRP, and the remaining M-2N resources are for STRP. 
· The number of CRI codepoints is N + (M-2N)  

In FR1, there may not be analog beams. UE can buffer channel measurement results of all CMRs in the set, and do round robin pairing for NCJT joint CSI calculation. Pairing configuration from gNB RRC signaling may not be needed. Still assuming CMR 1, 5, 2, 6 are from TRP1, and CMR 3, 4, 7, 8 are from TRP2. Then, there are combinations for MTRP CSI calculation, the possible candidate pairs are as follows,
(1,3) (1,4) (1,7) (1,8)  (5,3) (5,4) (5,7) (5,8)   (2,3) (2,4) (2,7) (2,8)   (6,3) (6,4) (6,7) (6,8)
Also, for STRP CSI calculation, there are still 8 candidates (no pairs, i.e. individual CMR measurement). Totally, there are 24 hypothesis of CSI calculations for this CMR set. However, this number will cause unaffordable CPU occupations at UE side. Furthermore, gNB may not need measurement results for some hypothesis since the rough channel condition can be achieved by RSRP report. 
Thus, we propose to support unified solution, i.e. the above proposal 1 for both FR1 and FR2. In FR1, the same resource ID can be configured twice for both MTRP and STRP (just gNB implementation issue, no RRC impact). For example, M=4 CMRs are configured in a resource set, N=1 pair is configured by RRC signaling, the resource IDs contained in the resource set can be 1, 2, 1, 2, where the first resource 1, 2 are paired for MTRP CSI, and the remaining ones are for STRP. 
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Figure 2-3 CSI-RS resource order in the CSI-RS resource set for MTRP CSI in FR1

· CPU for CSI processing
In Release R15 and R16, the number of occupied CPUs OCPU = M for a CSI reporting where  is the number of CMRs in the CSI-RS resource set. For NCJT CSI calculation with one paired CMRs, the number of occupied CPUs at UE side can be assumed as p. Based on the proposal 1, for a CMR set with M resources and N paired CMRs, so
OCPU = p·N + (M - 2N)
Form our view, p is naturally be equal to 2 since UE needs to calculate and feedback two sets of CSI for each paired CMRs. Therefore, OCPU = p·N + (M - 2N) = M, which is the same as Release 15 and 16. 
Proposal 2: CPU calculation for CSI processing is the same as Rel-15/16.  

· CSI reporting
As shown in above Agreement#3, three options are listed for CSI reporting. 
In Alt 3, 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. However, the main usecase of MTRP CSI category 1 is for single DCI based SDM scheme where there is no something like CORESETPoolIndex to represent TRP ID. In other words, UE may not be able to identify from which TRP one CMR is. So Alt 3 cannot work for single DCI based MTRP transmission. So we suggest to down-select between Alt 1 and Alt 2. 
Alt 2 is straightforward to be supported where UE can be expected to report one CSI associated with the best one among NCJT and/or STRP measurement hypotheses. 
In Alt 1, 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. However, the CSI overhead in one CSI reporting will be almost triple than that of Rel-15/16. In addition, Alt 1 can be implemented by two CSI reporting where one is for STRP hypotheses and the other is for NCJT hypotheses (an extremely case of Alt2). So Alt 1 is not preferred. 
Proposal 3: For CSI reporting, support Alt 2 that UE can be expected to report one CSI associated with the best one among NCJT and/or STRP measurement hypotheses. 

2.1 Category 2
As shown in the following working assumption made in RAN1#103 meeting for MTRP CSI enhancement Category 2, the main usecase is for mult-DCI based NJCT with non-ideal backhaul. However, the scheduling of two TRPs are usually independent. In such case, even inter-TRP interference is considered for CSI feedback, two PDSCHs scheduled by two TRPs may be non-overlapped or partially overlapped, which means the scheduling decision from gNB can have different level of inter-TRP interference as the assumption when UE derives CSI. This makes Category 2 less useful or more restrictive in practical deployment. That’s the reason why this solution was made as the working assumption with low priority. 
So we suggest completing Category 1 first and further discuss Category 2 if time is allowed. 
	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



In above 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). As shown in Figure 2-4, CSI report setting 1 and 2 should be associated by RRC signaling, e.g. CSI report setting ID 2 is configured under CSI report setting 1, then first N CMRs, e.g. N=2 in the resource set of resource setting 1 is are associated with the first N CMR in resource set of resource setting 2. That is, CMR 1 and CMR 5 are paired, CMR 2 and CMR 6 are paired. For report setting 1, CMR 1 and CMR 2 are for MTRP CSI, the remaining CMR 3 and CMR 4 are for STRP CSI. Likewise, for report setting 2, CMR 5 and CMR 6 are for MTRP CSI, the remaining CMR 7 and CMR 8 are for STRP CSI. 
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Figure 2-4 Two CSI reporting are associated
In above 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. In our view, a new type of NZP IMR set should be introduced for each CSI reporting setting in option 2. That is, for CSI reporting setting 1, the new type of NCP IMR set can include some CSI-RS resources from the CSI reporting setting 2 with specification transparent as shown in Figure 2-5 where IMR 5 and IMR 6 are configured to CMR1 and CMR 2 respectively for MTRP interference measurement. From functionality perspective, there is no much difference between option 2 and option 1. However, option 2 will cause more RRC signaling overhead and need more specification effort. 
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Figure 2-5 One CSI reporting with a new IMR set

CSI enhancement based on FDD reciprocity
3.1 General procedure
This item assumes partial reciprocity for FDD scenario. gNB can derive angular and delay for multiple paths and use it to assist CSI reporting. In general, the procedure of this FDD reciprocity based CSI reporting is depicted in Fig. 3-1.
[image: ]
Fig. 3-1 FDD reciprocity based CSI acquisition
Consider DL is operated in frequency A, and UL is operated in frequency B, three step are considered in this procedure.
· Step 1: gNB estimates angles and delays in frequency A by SRS in frequency B;
· Step 2: gNB uses the angles and delays to precode CSI-RS in frequency A;
· Step 3: UE measures the CSI-RS and report CSI (e.g., selected “ports” and coefficients) for frequency A.
Specifically, in Step 2, each CSI-RS port is precoded by one pair of SD basis and FD basis. For one CSI-RS tone of one CSI-RS port, the transmitted signal is , where  is an SD basis, f is an element of the FD basis, and s is one element in the CSI-RS sequence. In Step 3, for each CSI-RS port, i.e., each pair of SD basis and FD basis, what UE can observe is the beamformed channel by setting the delay to FD basis 0. UE can do average in frequency domain to decompress the noise, interference and residual delay vectors. Then UE can select the best ports and perform a wideband SVD to derive the coefficients.
3.2 Codebook structure and reporting details
In RAN1#103e, 8 alternatives on codebook structure have been proposed for Type II/eType II port selection enhancement. They are summarized in the following Table 3-1.
Table 3-1 Alternatives on codebook structure
	Alternatives
	Description

	Alt 0
	W1*W2 or W1*W2*Wf, where W1 is an identity matrix

	Alt 1
	W1*W2, where W1 performs port selection, and W2 contains combination coefficients. Each CSI-RS port is mapped to one SD-FD pairs.

	Alt 2
	W1*W2, where W1 performs SD-FD pair selection, and W2 contains combination coefficients. Each CSI-RS port can be mapped to more than 1 SD-FD pairs.

	Alt 3-0
	W1*W2*Wf, where W1 performs port selection, W2 contains combination coefficients, and Wf contains one or more DFT vectors. Each CSI-RS port is mapped to 1 SD-FD pair.

	Alt 3-1
	Incorrect formulation of Alt 5.

	Alt 3-2
	W1*W2*Wf, where W1 performs port selection, Wf performs SD-FD pair selection from the SD-FD pairs mapped to one port, and W2 contains combination coefficients. Each CSI-RS port can be mapped to more than 1 SD-FD pairs.

	Alt 4
	W1*W2*Wf, where W1 performs port group selection, Wf performs port selection from the port groups selected from W1, and W2 contains combination coefficients. 

	Alt 5
	W1*W2*Wf, where W1 performs port selection, W2 contains combination coefficients, and Wf contains one or more DFT vectors. Each CSI-RS port can be mapped to 1 SD-FD pair.


Based on Table 3-1, we can observe
· Alt 0 is a special case of other alternatives, which can be discussed later.
· Alt 3-2 performs two-step SD-FD pair selection instead of free selection as in Alt 2. Hence the final selection of SD-FD pair is a special case or subset Alt 2, with potential performance reduction.
· Alt 4 performs two-step port selection instead of free selection as in Alt 1 or Alt 2. Hence the final selection of SD-FD pair is a special case or subset of Alt 1 or Alt 2, with potential performance reduction.
Observation 1: Among all the codebook alternatives, 
· Alt 0 is a special case of other alternatives.
· Alt 3-2 is a special case of Alt 2.
· Alt 4 is a special case of Alt 1 or Alt 2.
Based on the observation given above, we will focus on Alt 1, Alt 2, Alt 3-0 and Alt 5 in the remaining part of this contribution. Among these alternatives,
· Alt 1 can be seen as a baseline for all these proposed codebooks.
· Alt 2, Alt 3-0 and Alt 5 can be seen as enhancement on Alt 1 aiming to solve a similar issue, which is the large CSI-RS overhead caused by UE specific precoding.
· The solution in Alt 2 is to map more than 1 SD-FD pairs to one CSI-RS port. Then for N SD-FD pairs selected by gNB, only N/2-port or N/4-port CSI-RS is needed. Thus CSI-RS overhead is reduced. Another dimension of resources (e.g., frequency domain resources) needs to be used to distinguish multiple SD-FD pair mapped to one CSI-RS port.
· The solution in Alt 3-0 is to let UE report a portion of the frequency-selectivity by using DFT vectors in Wf, so that gNB does not need to contain a large number of FD base vectors in CSI-RS. Then CSI-RS overhead can be reduced.
· Alt 5 uses both the solution in Alt 2 and the solution in Alt 3-0.
In Alt 2 and Alt 5, a mapping of multiple SD-FD pairs to one CSI-RS port. We have to note that as CSI-RS enhancement is not included in the scope of this item as given in Section 1. Hence any change to the transmission or pattern of CSI-RS should be avoided. With such restriction, the following two options can be identified.
· Opt 1: 2 or 4 SD-FD pairs are FDMed mapped to 1 port. One example is shown in Fig. 3-2, where CSI-RS ports in odd RBs are different SD-FD pairs compared to CSI-RS ports in even RBs.
· Opt 2: Aggregating multiple CSI-RS resources to generate one PMI. For example, gNB configure 2 resources to generate one PMI, where each resource has 0.5 density. W1 selects SD-FD pairs freely from all the ports of the two CSI-RS resources. This approach can achieve a same result as in Fig. 3-2.
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Fig. 3-2 An example of FDM mapping of more than one SD-FD pairs to one CSI-RS port
Besides the above two options, there are some other potential solutions proposed in last meeting, which requires change on the current CSI-RS design. For example, TDM approach requiring to define a new pattern of one CSI-RS resource in two adjacent slots, CDM approach requiring to introduce new OCC code mapping, and 0.25 density requiring to introduce new CSI-RS pattern with 0.25 density.
3.3 Evaluation results
To compare the solutions in these alternatives, we perform system level simulations to evaluate their performance. For N SD-FD pairs selected by gNB, the following detailed schemes are simulated.
· Alt 1
· Alt 2 with FDM mapping from SD-FD pairs to CSI-RS ports
· Alt 3-0-1: One DFT vectors selected in Wf
· Alt 3-0-2: Two DFT vector selected in Wf
· Alt 5-1: One DFT vectors selected in Wf, FDM mapping from SD-FD pairs to CSI-RS ports
· Alt 5-2: Two DFT vectors selected in Wf, FDM mapping from SD-FD pairs to CSI-RS ports
To make a fair comparison among all these alternatives, we assume a same number of non-zero coefficients are selected for all of them. 
Simulation results are given in Fig. 3-3 and Fig. 3-4. 
· In each of the Rel-17 curve, N values include 16, 32, 48 and 64, which are similar as 2K0 in Rel-16. 
· UE selects maximum N/2 non-zero coefficients per layer, and maximum N non-zero coefficients across all layers. 
· The maximum rank is 4 per UE. 
· FD vectors in CSI-RS precoding are 16x-oversampling DFT vectors, and SD vectors are CSI-RS precoding is 4x-4x-oversampling 2D-DFT vectors. 
· UE-specific CSI-RS overhead is taken into account when calculating throughput. CSI-RS is assumed in a semi-persistent way. When data arrives for a UE, CSI-RS starts to be transmitted every 5 ms, and the CSI-RS transmission terminates when all the data transmission (including initial transmission and retransmission) of one UE and one packet completes.
· The other simulation assumptions are given in Table 6 of Appendix.
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(a) Performance of Alt 1, Alt 2, Alt 3-0-1 and Alt 5-1
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(b) Performance of Alt 1, Alt 2, Alt 3-0-2 and Alt 5-2
Fig. 3-3 Performance evaluation of different codebook alternatives
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Fig. 3-4 Power CDF of the first two strongest DFT vectors in Wf
The following observations can be drawn from the simulation results.
Observation 2: 
· From Fig. 3-3(a), it can be observed that 
· If there is only one DFT vector in Wf, Alt 3-0 is identical to Alt 1, and Alt 5 is identical to Alt 2.
· Alt 2 has gain over Alt 1 from the saving of CSI-RS overhead.
· From Fig. 3-3(b), it can be observed that
· Having more than 1 DFT vectors in Wf does not provide gain over Alt 1 or Alt 2. The second strongest DFT vectors in frequency domain is much weaker than the strongest one as shown in Fig. 3-4.
Based on the above observation and analysis, we have the following proposal.
Proposal 4: For codebook structure in Rel-17 FDD reciprocity based CSI, support Alt 2.
· On the mapping between SD-FD pairs and CSI-RS ports, support one of the following.
· Opt 1: 2 or 4 SD-FD pairs are FDMed mapped to 1 port
· Opt 2: Aggregating multiple CSI-RS resources to generate one PMI
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we provide our views to enhance CSI measurement and reporting for MTRP and FDD reciprocity.
For MTRP CSI enhancement: 
Proposal 1: Support Category 1, i.e.
· 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.  

Proposal 2: In one CSI-RS resource set for channel estimation, two CSI-RS resources configured with the same two TCI states are associated to different TRPs,  
· If UE selects a CRI corresponding to a CSI-RS resource with two TCI states, UE will determine CSI based on the interference between the CSI-RS resource and its associated CSI-RS resource. 
· The CSI includes two RI, PMI, LI and one combined CQI.
Proposal 3: UE shall calculate interference from the coordinated TRP considering the selected precoder and beam used by the coordinated TRP.

For CSI enhancement based on FDD reciprocity:
Observation 1: Among all the codebook alternatives, 
· Alt 0 is a special case of other alternatives.
· Alt 3-2 is a special case of Alt 2.
· Alt 4 is a special case of Alt 1 or Alt 2.
Observation 2: 
· From Fig. 3-3(a), it can be observed that 
· If there is only one DFT vector in Wf, Alt 3-0 is identical to Alt 1, and Alt 5 is identical to Alt 2.
· Alt 2 has gain over Alt 1 from the saving of CSI-RS overhead.
· From Fig. 3-3(b), it can be observed that
· Having more than 1 DFT vectors in Wf does not provide gain over Alt 1 or Alt 2. The second strongest DFT vectors in frequency domain is much weaker than the strongest one as shown in Fig. 3-4.
Proposal 4: For codebook structure in Rel-17 FDD reciprocity based CSI, support Alt 2.
· On the mapping between SD-FD pairs and CSI-RS ports, support one of the following.
· Opt 1: 2 or 4 SD-FD pairs are FDMed mapped to 1 port
· Opt 2: Aggregating multiple CSI-RS resources to generate one PMI
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Table 6 SLS assumptions for CSI based on FDD reciprocity
	Parameter
	Value

	Duplex, Waveform 
	FDD, OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban 

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

	Inter-BS distance
	200m 

	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
	(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


	BS Tx power 
	44 dBm for 20 MHz

	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 
	15 kHz 

	Simulation bandwidth 
	20 MHz (104 RBs) for 15 kHz

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

	MIMO scheme
	For 70% RU, SU/MU-MIMO with rank adaptation is assumed.
For 20% RU, SU-MIMO with rank adaptation is assumed. 

	MIMO layers
	The maximum number of MU layers is 12.
The maximum number of SU layers is 4.

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

	Overhead 
	2 OFDM symbols for PDCCH，type 2 for DMRS(24 REs/PRB/slot)
CSI-RS overhead is taken into account as specified in the main content

	Traffic model
	FTP 3 with packet size 0.5 Mbytes

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

	UE receiver
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Evaluation Metric
	Throughput and CSI feedback overhead 

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

	FDD DL/UL calibration error model at gNB
	With amplitude error (expressed in decibel of x=20log10a) and phase error are normal distribution with 0.7dB and 5 degrees standard deviation, respectively.
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