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Agreement
Port selection codebook enhancements utilizing DL/UL reciprocity of angle and/or delay is supported in Rel-17.

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.

Proposed as agreement
Proposal 7: 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

Proposed as working assumption 
Version 1:
Proposal 7-1: For CSI measurement associated to an implicit/explicit set of two reporting settings CSI-ReportConfigs, [at least for multi-DCI based NCJT], 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), and also with following restrictions:
· Only ‘typeI-SinglePanel’ codebook is supported;
· 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;
Version 2: 
Proposal 7-1: For CSI measurement associated to an implicit/explicit set of two reporting settings CSI ReportConfigs 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
Ffollowing restrictions apply to both options:
· Only ‘typeI-SinglePanel’ codebook is supported;
· 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;



FDD CSI

Proposal 3-0: Alt 0: Based on  or ,  can be an identity matrix

Proposal 3-1: Based on ,  study following detailed design of matrices at least for rank 1.
· Alt1: () is a port selection matrix in order to freely select  ports out of  CSI-RS ports or   ports out of   CSI-RS ports  (FFS polarization-common/specific selection) whereas each column of  has only one element of “1”
· Alt2: () is a SD-FD basis selection matrix in order to freely select   bases out of  bases or   bases out of   bases (FFS polarization-common/specific selection) whereas each column of  has only one element of “1”
· FFS the mechanism of conveying more than one SD-FD beamforming bases per CSI-RS port which is to be discussed in Proposal 4
· Note that  can be an identity matrix for above Alternative

Proposal 3-2: Based on ,  study following detailed design of matrices  and  , at least for rank 1.
· Alt3: () is a port selection matrix in order to freely select  ports out of  CSI-RS ports or   ports out of  CSI-RS ports  (FFS polarization-common/specific selection) whereas each column of  has only one element of “1”, i.e. 
· Alt3-0 (one SD-FD pair per port):() is a DFT based compression matrix (FFS: configured/indicated to the UE and/or selected/reported by the UE), whereas  = NCQISubband*R and . 
· Alt3-1 (Multi-SD-FD pairs per port):() is a DFT matrix selected by the UE from N pre-configured/pre-defined DFT vectors, whereas  = NCQISubband*R and . 
· FFS the mechanism of conveying more than one SD-FD beamforming bases per CSI-RS port which is to be discussed in Proposal 4
· Note that  is not excluded by gNB/codebook configuration. 
· Alt3-2  (Multi-SD-FD pairs per port):() is a selection matrix in order to select M SD-FD basis whereas each column of  has only one element of “1”, 
· FFS the mechanism of conveying more than one SD-FD beamforming bases per CSI-RS port which is to be discussed in Proposal 4
· Note that  can be an identity matrix
· Alt4: ( ) is a port-group selection matrix to freely select  (FFS polarization-common/specific selection) groups out of  port group whereas  CSI-RS ports in a resource are divided into  group with  ports per group, and each port group corresponding to the same SD basis, i.e. 
· () is a selection matrix to select the same M ports across all port groups each column of  has only one element of “1”. 
· Alt5: () is a SD-FD basis selection matrix in order to freely select   bases out of  bases or   bases out of   bases (FFS polarization-common/specific selection) whereas each column of  has only one element of “1”
· () is a DFT based compression matrix (FFS: configured/indicated to the UE and/or selected/reported by the UE), whereas  = NCQISubband*R and .. 
· FFS the mechanism of conveying more than one SD-FD beamforming bases per CSI-RS port which is to be discussed in Proposal 4
· Note that  can be an identity matrix for above Alternative 

Proposal 4: Evaluate following mechanism to taking into account the trade-off among UE complexity, performance and reporting overhead by port selection codebook enhancements
· Considering one-to-one mapping between SD-FD/SD basis and CSI-RS port, 32 CSI-RS ports,  and CSI-RS density 0.5, as the baseline, in order to determine whether supporting more than 32 SD-FD bases and/or multiple-to-one mapping between SD-FD bases and a CSI-RS port are needed, and then specify if needed  
· FDM: mapping    SD-FD/SD bases FDMed  into single CSI-RS port at frequency domain
· CDM: mapping  SD-FD bases CDMed (DFT vectors) into single CSI-RS port at frequency domain, including signaling mechanism of pre-configuring/pre-defining DFT vectors if applicable
· Lower CSI-RS frequency density per CSI-RS resource: e.g. 0.25 
· A CSI  across multiple CSI-RS resources: i.e.  equals to total number of CSI-RS ports across multiple CSI-RS resources
· FFS: how to specify the mapping between multiple SD-FD bases in a CSI-RS port or across multiple CSI-RS resources in PMI quantization and associated CQI determination  
· Note that supporting more than 32 ports per CSI-RS resource is considered to be out of scope for PS codebook enhancement in Rel-17.
· [Note that supporting more than 32 SD-FD bases across all CSI-RS resource(s) is considered to be out of scope for PS codebook enhancement in Rel-17.]
· Yes (with above note): QC,SS, Ericsson, Intel, MTK
· No (w/o above note): ZTE, HW  
· Other mechanisms are not precluded


MTRP CSI

Proposal 9:  For a CSI reporting associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, [at least for multi-DCI based and single-DCI based schemes (scheme 1a)], the UE is expected to report 
· two RIs, two PMI, two LIs and one CQI, at least when the maximal transmission layers is less than or equal to 4
· Note that  a CQI refers to the highest CQI index for a single PDSCH transport block with a combination of modulation scheme, target code rate and transport block size received with a transport block error probability
· FFS: whether/how to support more than one CQIs to be reported in a CSI
· 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: applicable codebook other than Type I SP, 
· FFS: whether/how to support non-PMI based port-selection
[LGE]: prefer to [two] Lis
[SS/CATT]: prefer changing last FFS to support 
[Apple]: prefer one or two CQI


Proposal 10:  For a CSI reporting setting, support one or both 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 whether/when to drop a CSI report out of two CSIs 
· Alt 2: the UE can be expected to report one CSI associated with the best one among multi-TRP and/or single-TRP measurement hypotheses, if configured
· FFS how to determine the best one among two hypotheses by the UE 
· FFS how to report recommended measurement hypothesis associated with that CSI report
· FFS: CSI reporting configuration details 
· FFS: supporting which one or both  mechanisms is to be determined in RAN1 104e


Details of Rel-17 Port Selection Codebook Enhancement

Based on tdoc review and companies’ comments, following proposal is suggested. From FL perspective, subject to the decision over Proposals 1 and 2, it may be more beneficial for RAN1 to consolidate next level details/design and understand each other better so that further comparisons/evaluation can be within a limited but understandable technical set.  
Proposal 3-1: Study following detailed design of matrices (without), at least for rank 1.
· Alt1: () is a port selection matrix in order to freely select  ports out of  CSI-RS ports whereas each column of  has only one element of “1”
· (CATT, Samsung, Qualcom)
· Alt2: () is a SD-FD basis selection matrix in order to freely select  bases out of  SD-FD bases whereas each column of  has only one element of “1”
· FFS the mechanism of conveying more than one SD-FD beamforming bases per CSI-RS port which is to be discussed in Proposal 4
· (ZTE)

Proposal 3-2: Study following detailed design of matrices  and  , at least for rank 1.
· Alt3: () is a port selection matrix in order to freely select  ports out of  CSI-RS ports whereas each column of  has only one element of “1”
· Alt3-1:() is a DFT matrix selected by the UE from N pre-configured DFT vectors, whereas  = NCQISubband*R and . 
· FFS the mechanism of conveying more than one SD beamforming bases per CSI-RS port which is to be discussed in Proposal 4
· (vivo, Nokia, Ericsson) 
· Alt3-2:() is a selection matrix in order to select M SD-FD basis whereas each column of  has only one element of “1” 
· FFS the mechanism of conveying more than one SD-FD beamforming bases per CSI-RS port which is to be discussed in Proposal 4
· (HW, vivo)
· Alt4: ( ) is a port-group selection matrix to freely select  groups out of  port group whereas  CSI-RS ports in a resource are divided into  group with  ports per group, and each port group corresponding to the same SD basis
· () is a selection matrix to select the same M ports across all port groups each column of  has only one element of “1”. 
· (Samsung, Docomo)

Proposal 4: Study the mechanism of conveying one or more SD-FD/SD beamforming bases per CSI-RS port: 
· FDM:  mapping    SD-FD/SD bases into single CSI-RS port at frequency domain
· ZTE/HW
· CDM: mapping  SD-FD bases into single CSI-RS port CDM-ed across PRBs within a PMI subband
· Nokia


	Company
	Comments

	Qualcomm
	Object proposal 4, for the following reasons:
1. Already supported well by current spec. In case of 32 pairs for a UE using 8 ports, it is equivalent to 32 pairs for a UE using 32 ports with density 0.25. If the main concern is reducing density rather than requiring more than 32 ports, we should study whether support density 0.25 (please note that current spec already support density 0.5). This will give the smallest (even zero) spec impact. I would imagine the performance difference of density 0.25 and 0.5 would be very marginal coz CSI-RS channel estimation will decrease and R will be decrease.
2. Violate port definition: if a port can be associated with multiple precoders, it will increase UE complexity dramatically because UE has to perform measurement of different precoders separately (i.e., similar to measure multiple ports). Please note that current spec does not imply any precoding information for CSI-RS ports, network should ensure the channel after precoding is relatively flat (or the larger channel property should follow the source RS indicated by the QCL) so that UE can implement optimized channel estimation algorithm to maximize the processing gain. 
3. Large and unnecessary spec impact: as I mentioned, we don’t even need this study/proposal coz current spec already support 32 pairs with 32 ports using density 0.5. Defining such mapping will complicate PMI description, CQI calculation assumption (coz we need to map precoding matrix W to CSI-RS ports in section 5.2.2.5 of 215 spec), and also capability reporting.

	CATT
	For Proposal 3-1, we would like to clarify that  is not necessarily the number of CSI-RS ports in one CSI-RS resource. If the number of beams generated by gNB does not exactly match a standardized CSI-RS port, say 26,  is the actual number of used CSI-RS ports. If the number of beams generated by gNB exceeds 32,  could be number of CSI-RS ports across multiple CSI-RS resources.

Regarding Proposal 4, as pointed out by Qualcomm, there is clearly a way with very small spec impact to achieve same performance overhead tradeoff. It is not necessary to study FDM/CDM multiplexing of CSI-RS port. 


	Ericsson
	Ok to further study and compare the Alternatives listed in Proposals 3-1 and 3-2.  Our current preference is Alt3-1.

Regarding Proposal 4, given the comments from Qualcomm/CATT, it may be good to include the sentence ‘Other mechanisms are not precluded’.  This would allow companies to also study other mechanisms as well.

	Qualcomm2
	In general, we think the physical meaning of the precoding matrix (either W=W1*W2 or W=W1*W2*Wf) should be clarified, otherwise, we don’t see the point of defining W1, W2 and Wf and we don’t know how to calculate CQI using a W. Similar to eType2 (both regular and PS) discussion in Rel-16, we have W=W1*W2*Wf as the precoding matrix for each layer across N3 subbands, we should clarify this for proposal 3-1 and 3-2. With this thought,

1. For proposal 3-1 (both Alt1 and Alt2), if I understand correctly, it seems that the precoding matrix for each layer on each subband is W=W1*W2, and there is a common W1 and W2 for all subbands. So, we suggest to revise the title of 3-1 as 
Proposal 3-1: Study a common W=W1*W2 as precoding matrix for each subband with the following detailed design of matrices, at least for rank 1

2. For proposal 3-2, 
a. For Alt3-1, it seems that the precoding matrix is similar to eType II, where  W=W1*W2*Wf as the precoding matrix for each layer across N3 subbands. So we suggest to revise the title of 3-2 as
Proposal 3-2: Study  W=W1*W2*Wf as the precoding matrix for each layer across N3 subbands with the following detailed design of matrices  and  , at least for rank 1
b. However, we fail to understand Alt3-2 and Alt4, it seems that the final precoding matrix W is of size P x M, it would be good to clarify the physical meaning of this W. 

Another comment is for Alt3-1, it seems that it can be split to two schemes: if support many-to-one mapping (the FFS), then W1 is pair selection (similar to Alt2); otherwise, W1 is port-selection (similar to Alt1). So, we suggest to either split Alt3-1 or merge Alt1 and 2 with an FFS. 

If the spirit is to list all alternatives, seems proposal 4 is not needed, it is already there in Alt2 and Alt3-1.

	Nokia/QC/CATT
	[QC]In your case of 32 pairs for a UE using 8 ports, isn’t it equivalent to 32 pairs for a UE using 32 ports with density 0.25? If your main objective is to reduce density rather than requiring larger than 32 pairs, please note that current spec already support density 0.5, we should study whether support density 0.25. This will give the smallest (even zero) spec impact. I would imagine the performance difference of density 0.25 and 0.5 would be very marginal coz CSI-RS channel estimation will decrease and R will be decrease.
[Nokia]Reducing the port density by a factor  is not equivalent to mapping  SD-FD pairs to a port, for a number of reasons. For example, with CDM, one can map an SD-FD pair to each PRB, whereas by reducing the port density the map is one every  PRBs. With FDM/CDM one can map  pairs to a port with density 3, for example, which corresponds to a density of 3/, which cannot be achieved by reducing the density alone. 
[QC] This seems increase the CSI-RS overhead. 32 pairs in an 8-port resource with density 3, the overhead is equivalent to a 24-port resource with density 1 (larger than 32-port with density 0.25).  For CDM and map a pair with density 3, we fail to understand how it works.
[CATT] CDM multiplexing is already used in current CSI-RS design. All the code multiplexing capacity has been used in CSI-RS design. How to do the CDM on top of the current CDM design? Even if it is feasible, very large specification impact is expected. Density 3 is only supported for 1-port CSI-RS for now. This is not the typical CSI-RS configuration in our consideration for PS codebook. If introducing density 3 for, e.g., 8-port CSI-RS, there is a lot of specification work to do. In addition, the same thing can be achieved by configuring 3 CSI-RS resources (or CSI-RS resource with 3 times ports) with density of 1/Of.
[Nokia]Another difference is in the configuration: introducing new lower densities requires new dedicated CSI-RS resource configurations which are only useful for this specific codebook, whereas with the SD-FD pair mapping the same resources can be configured for different types of reports and the mapping can be controlled by the existing parameter R (i.e., ). 
[QC] introducing lower density does not prevent network from configuring density  . Introducing density for a specific codebook is not an issue, just like we have density 3 but only used for TRS.
[CATT] New low density CSI-RS (if needed) can of course be used for other codebook. There is not any obstacle preventing us to do so. On the other hand, this FDM/CDM  multiplexing can only be used for enhanced PS codebook in Rel-17.
[Nokia]Besides, all resources in a set share the same resource configuration, including number of ports and density, so by changing the density, if different UEs are configured with different resources in a set, they have to be configured with the same number of SD-FD pairs; instead, with FDM/CDM mapping gNB can configure different number of SD-FD pairs for different UEs (for example, 8,16,32) with the same number of ports.
 [QC] RRC configuration is per UE, so from UE perspective, it does not know whether it shares a common resource set with other UE. Network can configure resource set 1 with resource 1 to UE1 with density 1 and resource set 1 with resource 1 to UE2 with density 0.25.
[CATT] We don't understand why different UEs CSI-RS configuration has to be configured together. With CSI-RS beamforming in both spatial domain and frequency domain, there is little chance for UEs to share the same set of CSI-RS configurations.


	Nokia/QC
	[QC]Regarding port definition, if a port can be associated with multiple precoders, it will increase UE complexity dramatically because UE has to perform measurement of different precoders separately (i.e., similar to measure multiple ports). Please note that current spec does not say any precoding information for CSI-RS ports, network should ensure the channel after precoding is relatively flat (or the larger property should follow the source RS indicated by the QCL) so that UE can implement optimized channel estimation algorithm to maximize the processing gain.
[Nokia]UE complexity of mapping, say 32 SD-FD pairs to 8 ports cannot be larger than configuring 32 ports, so by limiting the number of SD-FD pairs per UE to 32, one limits UE complexity. In terms of memory occupation as well, monitoring an 8-port resource cannot occupy more memory than monitoring a 32-port resource. On the other hand, the CSI-RS overhead saving is considerable.
 [QC] I am afraid you don’t get the point. As I said, UE cannot combine the multiple precodings associated to a single port other than treating them as separate ports. So, 8-port measurement is equivalent to 32-port measure, and complexity is even much higher because your design requires new implementation (separating CSI-RS estimation of each port to multiple threads). Regarding CSI-RS overhead, I think 32-port with density 0.25 should be same as 8-port resource with density 1 (assuming you map to 32 pairs on RB-comb).


	Nokia/QC
	[QC]Regarding spec impact, as I mentioned, we don’t even need this study/proposal coz current spec already support 32 pairs with 32 ports using density 0.5. Defining such mapping will complicate PMI description, CQI calculation assumption (coz we need to map precoding matrix W to CSI-RS ports in section 5.2.2.5 of 215 spec), and also capability reporting.
[Nokia]There don’t seem to be any complications: the precoding matrix  obtained from the PMI is a  matrix for each layer, where  is the number of SD-FD pairs. The actual  precoder used by the gNB for data and DMRS does not need to be specified, but it is simply the cascade of  where  is the  matrix of SD-FD pairs used to precode the CSI-RS ports.
 [QC] Actual precoder is known by gNB, but we should specify what is the reporting W and the CQI calculation assumption where you need to assume a PDSCH hypo by mapping a few layers to the CSI-RS ports (Please see section 5.2.2.5, y=W*x where y are the CSI-RS ports and x are the layers). So P should be number of CSI-RS ports, this exists from LTE to the six codebooks in NR Rel-16, not sure how it can be changed. The point is, there exists a much simpler and cleaner way to achieve same functionality as your proposal, we don’t think RAN1 should go towards a direction making PMI and CQI spec much more complicated and cost much more unnecessary TU.


	Samsung
	Comments on Proposal 3-1
· We would like keep the scope of study open. For example, for small number of ports, we may not need port selection, hence we propose to add Alt0 for no port selection.
· Re Alt1, at this point, we don’t want to rule out the possibility of polarization-common port selection (similar to Rel. 15/16), especially when we have not performed sufficient study. So, we propose to add Alt1A for this.
· Re Alt2, I think it is good to clarify that , otherwise (i.e., when ), Alt2 and Alt1 are the same.

Hence, propose to add the following alternatives in Proposal 3-1
· Alt0 (no port selection):  is an identity matrix (e.g. when #CSI-RS ports is small)
· Alt1A (polarization-common port selection):  and  and  is a port selection matrix in order to freely select  ports out of  CSI-RS ports whereas each column of  has only one element of “1”

Comments on Proposal 3-2
· In our view, Wf can also be configured to the UE (instead of reported by the UE).
· Similar to Alt1, we should study polarization-common SD port selection via W1 here also.
· What is the difference between Alt 3-2 and Alt4? Is it that Alt3-2 has M FD basis selection for each selected SD basis, and Alt4 has M FD basis selection common for all selected SD basis?

Hence, propose to add the following alternatives in Proposal 3-2
· Alt0 (no port selection):  or/and  is an identity matrix (e.g. when #CSI-RS ports is small)
· Alt3: …
· Alt3-0:  is a DFT matrix configured to the UE
· …
· Alt3A (polarization-common port selection):  and  and  is a port selection matrix in order to freely select  ports out of  CSI-RS ports whereas each column of  has only one element of “1”
· Alt3A-0: same as Alt3-0
· Alt3A-1: same as Alt3-1
· Alt3A-2: same as Alt3-2

Comments on Proposal 4: we have the same view as Ericsson that we should study the example mechanisms proposed by companies, and allow other mechanisms to be proposed by companies next meeting. So, we propose to re-word as follows.

Proposal 4: Study the mechanism(s) of conveying SD-FD/SD beamforming bases
· Example 4-1: one or more than 1 SD-FD/SD beamforming bases per CSI-RS port: 
· FDM:  mapping    SD-FD/SD bases into single CSI-RS port at frequency domain
· ZTE/HW
· CDM: mapping  SD-FD bases into single CSI-RS port CDM-ed across PRBs within a PMI subband
· Nokia
· Example 4-2: multiple CSI-RS resources with one SD-FD/SD beamforming basis per CSI-RS port for each CSI-RS resource
· Other mechanisms are not precluded

	Lenovo/MotM
	We agree with QC, mapping one port to multiple precoders would complicate the design as well as increase UE complexity to estimate the precoder coefficients, which beats the cause of designing a low-complexity codebook that was argued by some companies in the GTW session.

We also agree with SS on the need to consider Alt0 with no port selection, which should be a configurable option for UEs for which strong reciprocity holds. Also, polarization-common port selection for port selection should be used, since no motivation was provided for otherwise.

	Moderator
	Proposal 3-1: Based on ,  study following detailed design of matrices at least for rank 1.
· Alt1: () is a port selection matrix in order to freely select  ports (FFS polarization-common/specific selection) out of  CSI-RS ports whereas each column of  has only one element of “1”
· Alt2: () is a SD-FD basis selection matrix in order to freely select  bases (FFS polarization-common/specific selection) out of  SD-FD bases whereas each column of  has only one element of “1”
· FFS the mechanism of conveying more than one SD-FD beamforming bases per CSI-RS port which is to be discussed in Proposal 4
· Note that Alt 1 can be considered as a special case of  in Alt2
· Note that  can be an identity matrix for above Alternative

Proposal 3-2: Based on ,  study following detailed design of matrices  and  , at least for rank 1.
· Alt3: () is a port selection matrix in order to freely select  ports (FFS polarization-common/specific selection) out of  CSI-RS ports whereas each column of  has only one element of “1”, i.e. 
· Alt3-1:() is a DFT matrix selected by the UE from N pre-configured/pre-defined DFT vectors, whereas  = NCQISubband*R and . 
· FFS the mechanism of conveying more than one SD-FD beamforming bases per CSI-RS port which is to be discussed in Proposal 4
· Note that  is not excluded by gNB/codebook configuration. 
· Alt3-2:() is a selection matrix in order to select M SD-FD basis whereas each column of  has only one element of “1”, 
· FFS the mechanism of conveying more than one SD-FD beamforming bases per CSI-RS port which is to be discussed in Proposal 4
· Note that  can be an identity matrix
· Alt4: ( ) is a port-group selection matrix to freely select  (FFS polarization-common/specific selection) groups out of  port group whereas  CSI-RS ports in a resource are divided into  group with  ports per group, and each port group corresponding to the same SD basis, i.e. 
· () is a selection matrix to select the same M ports across all port groups each column of  has only one element of “1”. 
· Note that  can be an identity matrix for above Alternative 


Proposal 4: Evaluate following mechanism to improve the trade-off among UE complexity, performance and reporting overhead by port selection codebook enhancements
· Considering one-to-one mapping between SD-FD basis and CSI-RS port, 32 CSI-RS ports,  and CSI-RS density 0.5, as the baseline, in order to determine whether supporting more than 32 SD-FD bases and/or multiple-to-one mapping between SD-FD bases and a CSI-RS port are needed, and then specify if needed  
· FDM: mapping    SD-FD/SD bases FDMed  into single CSI-RS port at frequency domain
· CDM: mapping  SD-FD bases CDMed (DFT vectors) into single CSI-RS port at frequency domain
· Lower CSI-RS frequency density per CSI-RS resource: e.g. 0.25 
· A CSI  across multiple CSI-RS resources: i.e.  equals to total number of CSI-RS ports across multiple CSI-RS resources
· FFS: how to specify the mapping between multiple SD-FD bases in a CSI-RS port or across multiple CSI-RS resources in PMI quantization and associated CQI determination  
· Other mechanisms are not precluded


	CATT
	Thanks Moderator for the summary. 


Regarding Proposal 3-1, we suggest to remove the note from Alt2.
Note that Alt 1 can be considered as a special case of  in Alt2

Regarding the first bulllet of Proposal 4, we would like to make the following change. The reason is that multiple-to-one mapping has already been listed as one of potential solutions in the subullet. It is not necesssary to repeat here.
· Considering one-to-one mapping between SD-FD basis and CSI-RS port, 32 CSI-RS ports,  and CSI-RS density 0.5, as the baseline, in order to determine whether supporting more than 32 SD-FD bases and/or multiple-to-one mapping between SD-FD bases and a CSI-RS port are  is needed, and then specify if needed  



	ZTE
	We are generally fine with the above proposals from FL except the following issues.

Some refinements on 3-1 and 3-2
The following is our understanding of different alternatives, which may lead to refinements of the FL proposal. Let us know if we misunderstand anything.

In Alt 3-1, the W1 matrix should be of dimension P_{SD-FD}*K1 rather than P_{CSI-RS} as you want to select K1 from P_{SD-FD} SD-FD pairs.

In Alt 3-2, the total number of SD-FD pairs to be selected should be P_{SD-FD}, so the value of K3 should be Of.

In Alt 4, the total number of SD-FD pairs should equal to P_{SD-FD}, so we should have P_group*K5 = P_{SD-FD}.

Comments on proposal 4
We think at least all the listed alternatives worth good study. The aspects to be studied including system performance, CSI-RS/CSI overhead, UE complexity and potential specification impact.
For the comparison between introducing smaller CSI-RS density and FDMed port mapping, we have a different view with Qualcomm on the specification impact perspective. To use lower density CSI-RS, 
· First, CSI-RS has to be changed. We need to discuss and introduce things like new CSI-RS patterns, sequences, etc.. The new CSI-RS pattern may include a configuration of the RB comb offset, or extension of the starting RB to be values other than multiples of 4. While for FDMed port mapping, we don’t need to change CSI-RS.
· Second, we need to introduce codebook design across multiple CSI-RS resources, which basically changes the typical definition and utilization of codebook since LTE.
But we think it could be a good study point for companies to further investigate these different aspects. We are not against to list all the alternatives including Qualcomm’s approach of using multiple low-density resources.

Question on CDM mapping:
Is this CDM mapping to map multiple DFT based FD vectors to one CSI-RS port? Then it should be applicable to Alt 3-1 only? It’s better to clarify this in proposal 4.

Update based on the QC comments below.
We cannot agree with QC’s comment on precluding more than 32 pairs. Based on our evaluation results submitted to this meeting, we think to ensure sufficiently large number of pairs selected by gNB is critical to have performance gain for Rel-17. If the number of pairs is not larger than 32, there is basically no gain observed. We only observe gain when we have more than 32 pairs, saying 64 pairs, selected by gNB.


	Qualcomm
	For Proposal 3-2 (Alt3-1), it seems a bit confusing that W1 is a port-selection but there are Of pairs per port. If the spirit is to list all alternatives, we should split Alt3 as follows:
Alt3-1: (one pair per port) W1 is port-selection, Wf is DFT compression matrix
Alt3-2: (Of pairs per port) W1 is port-selection, Wf is pair-selection
Alt3-3: (Of pairs per port) W1 is pair-selection, Wf is DFT compression matrix 

For Proposal 4, we still have concern on studying the relevant topics, but can accept if following two aspects are captured
1. Going beyond 32 ports or 32 pairs should be out of the scope because it is a bigger issue than a port-selection codebook enhancement that RAN1 can handle.
2. The decision should be made after the decision of Proposal 3-1 and 3-2, as it depends on the outcome of Proposal 3-1 and 3-2. E.g., if Alt1 is adopted, multiple-to-one mapping is not needed.


	vivo
	We support Alt3-1 of Proposal 3-2 with following updates. Alt3-1 uses much less CSI-RS ports, e.g., mapping to SD basis only, with pre-defined DFT vectors indicated by gNB based on channel reciprocity. It also requires minimum modification on codebook structure.

Proposal 3-2: Based on ,  study following detailed design of matrices  and  , at least for rank 1.
· Alt3: () is a port selection matrix in order to freely select  ports (FFS polarization-common/specific selection) out of  CSI-RS ports whereas each column of  has only one element of “1”, i.e. 
· Alt3-1:() is a DFT matrix selected by the UE from N pre-configured/pre-defined DFT vectors, whereas  = NCQISubband*R and . 
· FFS the mechanism of conveying more than one SD-FD beamforming bases per CSI-RS port which is to be discussed in Proposal 4
· FFS the method of pre-configuration of N DFT vectors, e.g., RRC, MAC CE, etc.
· Note that  is not excluded by gNB/codebook configuration. 
· Alt3-2:() is a selection matrix in order to select M SD-FD basis whereas each column of  has only one element of “1”, 
· FFS the mechanism of conveying more than one SD-FD beamforming bases per CSI-RS port which is to be discussed in Proposal 4
· Note that  can be an identity matrix
· Alt4: ( ) is a port-group selection matrix to freely select  (FFS polarization-common/specific selection) groups out of  port group whereas  CSI-RS ports in a resource are divided into  group with  ports per group, and each port group corresponding to the same SD basis, i.e. 
· () is a selection matrix to select the same M ports across all port groups each column of  has only one element of “1”. 
· Note that  can be an identity matrix for above Alternative 

Since Alt3-1 requires much less CSI-RS ports, there seems no need to enhance the existing CSI-RS port definition or increase the maximum port number. We can strive for performance improvement under existing CSI-RS configurations. Therefore, baseline of proposal 4 is enough.

Proposal 4: Evaluate following mechanism to improve the trade-off among UE complexity, performance and reporting overhead by port selection codebook enhancements
· Considering one-to-one mapping between SD-FD/SD basis and CSI-RS port, 32 CSI-RS ports,  and CSI-RS density 0.5, as the baseline, in order to determine whether supporting more than 32 SD-FD bases and/or multiple-to-one mapping between SD-FD bases and a CSI-RS port are needed, and then specify if needed  
· FDM: mapping    SD-FD/SD bases FDMed  into single CSI-RS port at frequency domain
· CDM: mapping  SD-FD bases CDMed (DFT vectors) into single CSI-RS port at frequency domain
· Lower CSI-RS frequency density per CSI-RS resource: e.g. 0.25 
· A CSI  across multiple CSI-RS resources: i.e.  equals to total number of CSI-RS ports across multiple CSI-RS resources
· FFS: how to specify the mapping between multiple SD-FD bases in a CSI-RS port or across multiple CSI-RS resources in PMI quantization and associated CQI determination  
· Other mechanisms are not precluded


	Intel
	Generally, we support the proposals in the current wording assuming that they are mainly needed to clarify the alternatives proposed by companies for further evaluation. Also, in our understanding new (or modified) proposals for the same topics covered by the proposals 3-1, 3-2 and 4 can be further considered.

Regarding the proposal 4, in our view the cleaner way to add more precoding vectors for CSI-RS is not to multiplex different precoders in one CSI-RS port but to generate more CSI-RS ports with single precoder per port. However, we are fine to discuss this issue further. 

Also, in our view it is important to consider that multiple coefficients per CSI-RS port per layer can be reported by UE at least for Alt3-1, where different coefficients correspond to different FD DFT vectors applied at the UE. Thus, large number of precoding vectors for CSI-RS may not be required for this case.

	Fraunhofer 
	In our understanding, the basis of the new R17 PS codebook is the reciprocity of the UL/DL channels related to angles and delays. When assuming such “FDD channel reciprocity”, the gNB should have good knowledge on the main beam directions and dominant delay taps of the channel. Moreover, as CSI-RS is beamformed at the gNB for the R17 PS codebook, the beamformed DL channel impulse responses (seen by the UE) are sparse and concentrated at very few delay taps. Therefore, when angle and delay reciprocity exist, a very small number of SD-FD basis pairs that reflect these main beams and few dominant delay taps is sufficient for beamforming CSI-RS. Hence, the number of SD-FD basis pairs required for beamforming the CSI-RS shall be way less than the number of ports used in Rel. 16 codebook (considering each coefficient as port, we have 2LM ports and also since the delays are calculated on the channel with high resolution). 
 
Also, according to ZTE, FDD reciprocity for the UL/DL channels exists and the number of SD-FD basis pairs should be larger than 32 (for e.g., 64) to achieve performance gains over the R16 PS codebook, which seems to be a contradiction to the intention of Rel. 17 PS codebook! Moreover, using a large number of SD-FD basis pairs for beamforming shows that there exists no reciprocity. For the aforementioned reasons, we do not understand why delay beamforming should is needed at all! Instead of delay beamforming, the UE can be configured with a set of DFT vectors (each vector associated with a delay) and allowing the UE to freely selected the delays within the set. This solution is simple and requires the same number of ports as used in Rel. 16. 

Also, as we mentioned earlier, the performance of Rel. 17 codebook is somewhere in between Rel. 16 type II PS codebook and Rel. 16 type II Reg. codebook. Freely selecting the SD ports in Rel. 16 type II PS codebook results in a performance similar to Rel. 16 type II Reg. codebook. In that case, we don’t see the benefit of exploiting the delay reciprocity as the performance of Rel 16 type II PS codebook with free SD port selection is already better than the performance of the Rel. 17 codebook. 

Therefore, due to the aforementioned reasons, we believe that delay beamforming is not all needed as it was evident from the observations provided by some companies. Also, by not considering the delay beamforming, we do not have to increase the number of ports (as well as beamforming multiple SD-FD bases per CSI-RS port) and simple enhancements on Rel. 16 PS codebook such as free selection of SD ports solely suffices to achieve a performance similar to Rel. 16 Reg. Type II codebook and better than Rel. 17 PS codebook. 


	Sony
	In general, we support the latest proposal from moderator and agree that the alternatives provided can be used for further evaluation by companies. Regarding Proposal 3-1 and Proposal 3-2, in our view it is important to keep both polarization-common and polarization-specific port selection alternatives open since we believe that more study is needed.

As for Proposal 4, and as pointed out by other companies, we do not understand how the multiplexing of several SD-FD/SD bases into a single CSI-RS port compares favourably to existing Rel-16 mechanisms, such as a reduction of the density of CSI-RS ports. But we are open to discuss this one and the other mechanisms listed in Proposal 4, as well as new mechanisms that companies may propose.

	Moderator
	New changes are in red

Proposal 3-1: Based on ,  study following detailed design of matrices at least for rank 1.
· Alt1: () is a port selection matrix in order to freely select  ports (FFS polarization-common/specific selection) out of  CSI-RS ports whereas each column of  has only one element of “1”
· Alt2: () is a SD-FD basis selection matrix in order to freely select  bases (FFS polarization-common/specific selection) out of  SD-FD bases whereas each column of  has only one element of “1”
· FFS the mechanism of conveying more than one SD-FD beamforming bases per CSI-RS port which is to be discussed in Proposal 4
· Note that Alt 1 can be considered as a special case of  in Alt2
· Note that  can be an identity matrix for above Alternative

Proposal 3-2: Based on ,  study following detailed design of matrices  and  , at least for rank 1.
· Alt3: () is a port selection matrix in order to freely select  ports (FFS polarization-common/specific selection) out of  CSI-RS ports whereas each column of  has only one element of “1”, i.e. 
· Alt3-0 (one SD-FD pair per port):() is a DFT based compression matrix selected/reported by the UE, whereas  = NCQISubband*R and . 
· Alt3-1 (Multi-SD-FD pairs per port):() is a DFT matrix selected by the UE from N pre-configured/pre-defined DFT vectors, whereas  = NCQISubband*R and . 
· FFS the mechanism of conveying more than one SD-FD beamforming bases per CSI-RS port which is to be discussed in Proposal 4
· Note that  is not excluded by gNB/codebook configuration. 
· Alt3-2  (Multi-SD-FD pairs per port):() is a selection matrix in order to select M SD-FD basis whereas each column of  has only one element of “1”, 
· FFS the mechanism of conveying more than one SD-FD beamforming bases per CSI-RS port which is to be discussed in Proposal 4
· Note that  can be an identity matrix
· Alt4: ( ) is a port-group selection matrix to freely select  (FFS polarization-common/specific selection) groups out of  port group whereas  CSI-RS ports in a resource are divided into  group with  ports per group, and each port group corresponding to the same SD basis, i.e. 
· () is a selection matrix to select the same M ports across all port groups each column of  has only one element of “1”. 
· Note that  can be an identity matrix for above Alternative 


Proposal 4: Evaluate following mechanism to improve the trade-off among UE complexity, performance and reporting overhead by port selection codebook enhancements
· Considering one-to-one mapping between SD-FD/SD basis and CSI-RS port, 32 CSI-RS ports,  and CSI-RS density 0.5, as the baseline, in order to determine whether supporting more than 32 SD-FD bases and/or multiple-to-one mapping between SD-FD bases and a CSI-RS port are needed, and then specify if needed  
· FDM: mapping    SD-FD/SD bases FDMed  into single CSI-RS port at frequency domain
· CDM: mapping  SD-FD bases CDMed (DFT vectors) into single CSI-RS port at frequency domain, including signaling mechanism of pre-configuring/pre-defining DFT vectors if applicable
· Lower CSI-RS frequency density per CSI-RS resource: e.g. 0.25 
· A CSI  across multiple CSI-RS resources: i.e.  equals to total number of CSI-RS ports across multiple CSI-RS resources
· FFS: how to specify the mapping between multiple SD-FD bases in a CSI-RS port or across multiple CSI-RS resources in PMI quantization and associated CQI determination  
· Note that supporting more than 32 ports per CSI-RS resource is considered to be out of scope for PS codebook enhancement in Rel-17.
· Other mechanisms are not precluded



	Qualcomm
	We are fine with latest Moderate proposal 3-1 and 3-2.

Regarding proposal 4, we are still not ok with it. The intention of our previous comments is to exclude more than 32 pairs/ports across all resources for FDD CSI because a pair is a port from UE perspective. As mentioned earlier, going beyond 32 ports or pairs is a bigger issue than a PS codebook that RAN1 can handle. So, we suggest the following change:

Proposal 4: Evaluate following mechanism to improve the trade-off among taking into account UE complexity, performance and reporting overhead by port selection codebook enhancements
· Considering one-to-one mapping between SD-FD/SD basis and CSI-RS port, 32 CSI-RS ports,  and CSI-RS density 0.5, as the baseline, in order to determine whether supporting more than 32 SD-FD bases and/or multiple-to-one mapping between SD-FD bases and a CSI-RS port are needed CSI-RS enhancement is needed, and then specify if needed  
· FDM: mapping    SD-FD/SD bases FDMed  into single CSI-RS port at frequency domain
· CDM: mapping  SD-FD bases CDMed (DFT vectors) into single CSI-RS port at frequency domain, including signaling mechanism of pre-configuring/pre-defining DFT vectors if applicable
· Lower CSI-RS frequency density per CSI-RS resource: e.g. 0.25 
· A CSI  across multiple CSI-RS resources: i.e.  equals to total number of CSI-RS ports across multiple CSI-RS resources
· FFS: how to specify the mapping between multiple SD-FD bases in a CSI-RS port or across multiple CSI-RS resources in PMI quantization and associated CQI determination  
· Note that supporting more than 32 ports or pairs per across all CSI-RS resources is considered to be out of scope for PS codebook enhancement in Rel-17.
· Note that the decision should be made after the outcome of proposal 3-1 and 3-2.
· Other mechanisms are not precluded

	Samsung
	We suggest the following wording. 
· Proposal 3-1
· we prefer adding a separate alternative (Alt0) for W1 being identity, since we listing alternatives. 
· Likewise, in Proposal 3-2.
· In Alt1, we prefer the wording “…  ports (FFS polarization-common/specific selection) out of  CSI-RS ports or  ports out of  CSI-RS ports (FFS polarization-common/specific selection)….”
· Likewise, in Proposal 3-2.
· Proposal 3-2: we prefer the FFS as follows.
· Alt3-0 (one SD-FD pair per port):() is a DFT based compression matrix (FFS: configured to the UE, selected/reported by the UE), whereas  = NCQISubband*R and . 

Regarding Proposal 4, we have further comments/questions:
· Reciprocity assumption: for the case when there is perfect (or close to full) reciprocity packing > 1 SD-FD beams per CSI-RS ports may bring some gain, since in that case the channel after beamforming will be “almost” flat. However, our concern is that in a less reciprocal system, there could be channel variations in FD, and subsampling due to >1 CSI-RS beams per CSI-RS port will start to show performance loss when compared with 1 FD-SD beam per port. We need to make sure that R17 codebook is robust under different channel reciprocity scenarios/assumptions. For proper study, we need to simulate different reciprocity scenarios.
· Number of CSIRS ports: for a given performance, we should use a smaller #ports than that for regular T2. If not, then are we really exploiting reciprocity? So, we also have the view than the discussion should be restricted to up to 32 ports, preferably smaller than 32.
· Overhead reduction: as I understand, the main argument behind proposing > 1 SD-FD beamforming vectors per CSI-RS port (Of > 1) is CSI-RS overhead reduction by packing multiple beamforming vectors per CSI-RS port. But, this comes at the cost of increased complexity. This contradicts the argument that R17 codebook has reduced UE complexity when compared with R16 since we are introducing a new UE processing operation for CSI-RS ports, which is not required in R16.  
· UE implementation: it requires new implementation at least for CSI-RS port processing, CQI calculation etc.
· How does it work with R? The benefit with increasing R is high precoder resolution in FD, but if we pack > 1 SD-FD beams in one CSI-RS port, then we are essentially reducing the precoder resolution in FD. This means, the benefit of increasing R will be reduced. So, overall, we will be specifying two things (increased R and > 1 SD-FD beams per CSI-RS port), with perhaps not much benefit.
· The main question: what is the benefit? If the benefit of all this is small performance gain, then we are not sure it is worth.
So, we think we first need to investigate the need/feasibility of any CSI-RS related enhancements, then discuss specific enhancements.

	Ericsson
	On proposal 3-2, we also prefer the FFS suggested by Samsung above with the following addition in yellow.
· Alt3-0 (one SD-FD pair per port):() is a DFT based compression matrix (FFS: configured/indicated to the UE, selected/reported by the UE), whereas  = NCQISubband*R and . 
On Proposal 4, we tend to agree in general with the comments made by Samsung and Qualcomm.   Aside from the complexity concerns voiced above, we are also wondering where does the gain come from with large number of SD-FD pairs.  For the channel model agreed in the EVM, a total of 20 clusters are generated for NLoS (12 for LoS), see Table 7.5-6 Part-1 in 38.901. Therefore, in theory, a maximum of 20 SD-FD pairs/polarization are sufficient to cover all these clusters. In practice, considering that several clusters are weak, much fewer SD-FD pairs may be needed. So the question is why do we need 32 or even larger number of SD-FD pairs?

To make some progress, we can live with the modified Proposal 4 from Qualcomm.

	LG
	As suggested by Samsung, it would be better to separately describe the cases about polarization-common/specific selection for better understanding. 
Regarding proposal 3-2, we also prefer Ericsson’s suggestion. 

	Intel
	We have the same understanding with Samsung and Ericsson on proposal 4. In our view we need to focus on the codebook design enhancements rather than increased number of CSI-RS ports or CSI-RS precoding vectors.

	MediaTek
	For proposal 4, we tend to agree with Ericsson's views that there is little possibility of existence of more than 32 SD-FD pairs per UE. As pointed by Fraunhofer and Samsung, when the gNB compensates angle and delay spread by utilizing channel reciprocity, the number of remaining SD-FD pairs to be estimated by the UE is significantly less. The requirement of CSI-RS enhancement should be justified before we discuss the enhancement details. In addition, no matter 32 ports or 32 SD-FD pairs is an increase of UE complexity which contradicts the WID of UE complexity reduction.
As such, we agree with Qualcomm's view that more than 32 beamformed CSI-RS ports or 32 SD-FD bases is considered to be excluded from this study.

	Nokia/NSB
	[bookmark: _Hlk55908083][bookmark: _Hlk55908037]Regarding Proposal 3.2:

Alt 3.1 shares the same understanding for  as Alt 2 as there is a single selection matrix. (in our understanding Alt 3.0 has the same understanding for  as Alt 1, whereas Alt 3.2 has the understanding for  described in Alt 3, i.e. same dimension as Alt 1, but )

Regarding the codebook structure of reference for Alt 3.0 and Alt 3.1, this is the same as Rel16 PS, i.e. , where  is a DFT compression matrix. In the current formulation with , the dimensions of  are not correct for Alt 3.0 and Alt 3.1.

Also note that Alt 3.0 is already included as a special case of Alt 3.1 for . Similarly, Alt 1 is included in Alt 2 for 

In particular, the description of Alt 3.1 should be corrected, for example, as follows:

Alt3-1 (Multi-SD-FD pairs per port): based on, with  defined as in Alt 2, () is a DFT based compression matrix (FFS: configured/indicated to the UE, selected/reported by the UE), whereas  = NCQISubband*R and .


In our view, all alternatives share a common description for , i.e.
() is a free selection matrix of:
1. ports ()
1. SD-FD bases ()
1. port groups ()

Regarding the role of , there seem to be 3 different interpretations:
1.  not needed 
1.  is a DFT based compression matrix, as in Rel16, with  and
1. 
1. .
1.  is an  selection matrix, with , selecting  out of 
2. SD-FD bases within each port
2. ports within each port groups

According to this classification, the schemes that have been proposed so far, based on the combinations of , are
· 1/1 (Alt 1)
· 2/1 (Alt 2), 
· 1/2a (Alt 3.0)
· 2/2b (Alt 3.1)
· 1/3a (Alt 3.2)
· 3/3a (Alt 4)

In fact, in our understanding, Alt 3.2 is very similar to Alt 2 but with separate selection of ports and SD-FD bases within ports. This seems equivalent to adopting the same description for  as in Alt 2 and define a Kronecker structure for , where  and  are the selection matrices defined in Alt 3.2.  is of size , , and  is of size .


Regarding Proposal 4: for the CDM option, typical CDM codes used in CSI-RS definition are binary sequences, so we do not understand the restriction to DFT vectors

· CDM: mapping  SD-FD bases CDMed (DFT vectors) into single CSI-RS port at frequency domain, including signaling mechanism of pre-configuring/pre-defining DFT vectors if applicable



	ZTE2
	Some response to Samsung’s questions about proposal 4.
· Our understanding is regardless of having one or more pairs in one port, it should not change the precoder granularity of PMI reporting. The difference between having more pairs in one port and one pair in one port is the number of CSI-RS samples to perform average in one PMI subband, which is relatively small. I don’t think frequency selectivity impacts this a lot.
· We think the benefit of port selection codebook enhancements is the utilization of precoding vectors without restriction in a specified codebook, e.g., we can use eigenvectors or higher oversampling. The benefit does not necessarily come from lower number of CSI-RS ports. However, if companies think lower number of CSI-RS ports is beneficial, to have more pairs in one CSI-RS port can actually reduce CSI-RS overhead.
· UE complexity is to be one of the aspects to be studied. Of course we should understand more about the trade-off of UE calculation in different aspects, taking performance impact into account. 
· Not sure about whether a new CQI derivation procedure is needed. We think it can be the same as legacy, i.e., UE calculates precoders based on PMI frequency granularity, and then calculate one CQI for R PMI subbands.
· It can work together with increasing R. Even with R=4, in most of the cases, you can still have PMI subband with at least 2 RBs. Then you can map CSI-RS ports in different RBs to different pairs (i.e., 2 to 1 mapping with Of=2), and the PMI frequency granularity is still R=4.
· The benefit is performance gain you can have with more pairs for UE to choose. In our contribution, large gain can be observed if you map two pairs into ports. Details can be found in our contribution R1-2007769.
In summary, we think it is needed to study details in proposal 4, including the trade-off between performance and UE complexity. But we think it is needed to list candidate alternatives for us to study.

	Moderator
	@Samsung: New Alt 0 in Proposal 3-0 is added to address your preference of identity matrix, also FFS for polarization common/specific 
@Ericsson @LG: Done
@QC: Some changes are added for Proposal 4
@Nokia: New Alt 5 is added to be classified better. 


	Apple
	It appears to us that the whole discussion is tailored towards the SD-FD pair design which actually diverges from the existing codebook design. This essentially requires the UE to perform multi-dimensional search. Same argument can also be used for the existing eType II codebook and in fact, eType II can also be used for partial reciprocity based CSI reporting instead of Port Selection. We do not see the need to increase another dimension of SD-FD pairing. 

We are fine with proposal 3-1
We are fine with proposal 3-2
Regarding Proposal 4, even to agree that 32 ports is still the maximum number of ports of CSI-RS, if SD-FD pairing is allowed, if we allow the number of pairs to be larger than 32, we essentially increase the number of virtual port that UE has to handle to be more than 32, we also mixed the spatial signature with the frequency response of the channel. 
Furthermore, with partial reciprocity, gNB can smartly precode the CSI-RS to make spatial and frequency signature of the precoded channel more regular in order to reduce the UE processing complexity, we do not see a need to shift the burden to the UE side.  We do not any reason to increase the maximum number of SD-FD pairs to be more than 32. In fact, if gNB performs smart frequency selective precoder, gNB can remove most of the channel frequency selectivity.





Details of Rel-17 CSI Enhancement for Multi-TRP

Proposal 8 will be updated after a certain discussion of Proposal 7, in order to consolidate some open points to be addressed next meetings, mainly for resource configuration/association mechanism. 

Proposal 7: Possible 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 
· FFS: whether CMRs corresponding to different TRPs respectively shall be configured within the same resource set (i.e. scheme 1-2) or different resource sets (i.e. scheme 1-3).
Note that an implicit/explicit set of reporting settings CSI-ReportConfigs, which are associated to different TRPs/TCI states, is not excluded and can be discussed further. 


Proposal 8: For CSI measurement over a Multi-TRP/panel transmission hypothesis, study following measurement resource configuration/association mechanism 
· TBD
· whether/how to support interference measurement based on NZP CSI-RS 

	Company
	Comments (for Both Proposal 7 and 8)

	Lenovo/MotM
	We believe Proposal 7 in its current form may imply the exclusion of multi-DCI based enhancements, since Scheme 1-2 and 1-3 are originally associated with Cat1 with a single CSI-ReportConfig. We believe Cat2 is a straightforward approach to support mTRP CSI enhancements, at least for multi-DCI. We are ready to support the proposal with a slight change that incorporates the prior observation, as follows
Proposal 7: Possible 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 
· FFS: whether CMRs corresponding to different TRPs respectively shall be configured within the same resource set (i.e. scheme 1-2) or different resource sets (i.e. scheme 1-3).
Note that an implicit/explicit set of reporting settings CSI-ReportConfigs (i.e., Cat2), which are associated to different TRPs/TCI states, is not excluded and can be discussed further.

	Samsung
	Support both proposals. On the comments from online that multi-DCI has to be excluded, we don’t agree with that. In our understanding, CSI enhancement is to provide more accurate CSI report under NC-JT interference, and such interference exists both for single-DCI and multi-DCI. There’s no harm to enhance CSI for multi-DCI case.

	Moderator 
	Some offline discussion with regarding to Cat 2 has suggested following revision, i.e. new Proposal 7-1 after trade-off of spec support and changes for Cat 2 based NCJT measurement.   

· Proposal 7: 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 
· FFS: whether CMRs corresponding to different TRPs respectively shall be configured within the same resource set (i.e. scheme 1-2) or different resource sets (i.e. scheme 1-3).

· Proposal 7-1: For CSI measurement associated to an implicit/explicit set of two reporting settings CSI-ReportConfigs for NCJT, 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 settings, and also with following restrictions: 
· [Only ‘typeI-SinglePanel’ codebook is supported];
· [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;


	QC
	For Cat1, if the intention is to down-select to only one scheme under category 1, we are ok to go with the majority view (Scheme 1-2) for progress. In that case, we would like to add the following restrictions to address UE complexity concerns with Scheme 1-2:
· Maximum number of ports across both CMRs corresponding to a NCJT hypothesis is 32, and the two CMRs have the same number of ports. Otherwise, UE has to deal with 64 ports for a given CSI hypothesis, which is new and may require additional changes (e.g. change to CSI computation timeline)
· Only Type I SP is supported: In Rel. 15 / 16, Type II cannot be configured if there are more than one CMRs. With Scheme 1-2, at least two CMRs are required. More importantly, MU-MIMO + mTRP is not supported / beneficial as discussed at length in Rel. 16. Hence, the use case for Type II is not clear.
However, if the intention is to further study, Scheme 1-1 should not be excluded (all schemes 1-1, 1-2, 1-3 should be listed) as we see certain benefits of Scheme 1-1 such as no change to CRI codepoints, self-contained CSI-RS, etc.

For Cat2, even though we think it may be unnecessary to support both Cat1 and Cat2, we are ok with Proposal 7-1 only with the restrictions in the sub-bullets to limit the specification efforts for Cat2. Furthermore, we should mention in a note that Cat1 has higher priority. 

	ZTE
	We support the current FL proposal 7. 
Regarding the comment from QC, we are OK to go for scheme 1-2 directly or keep the current FL wording as it is.  
Regarding the restriction, we are OK to ensure the same number of CMR ports, we are also OK to clarify MTRP is for SU-MIMO (actually Rel-16 is SU already). 
However, we cannot accept maximum number of ports per TRP is 16. In NR, 32 ports per each gNB have been well deployed at least for single-TRP transmission. For multi-TRP operation, it is inappropriate to force gNB falling back to 16 ports. It is like a backward design which will make single-TRP transmission to 16 ports as well. In our view, two CPUs will be counted for the Rel-17 MTRP transmission from UE complexity perspective. Thus, there is no need to restrict 16 ports anymore.  

We can accept proposal 7-1 if other companies are fine for progress.  However, some clarifications and restrictions are needed. 
· First, reportQuantity cannot be cri-RSRP or ssb-Index-RSRP or none since this is for CSI measurement rather than beam management.
· Do we need the same values for two TRPs for CSI-ReportPeriodicityAndOffset ? In our view, the same periodicity can be assumed, but different slot offsets are not needed.
· p0alpha for two report settings should be different
· For CMRs, the same periodicity, bandwidth parts, density should be assumed. For aperiodic CMRs, two CMRs for two TRPs should not be too far away from each other, otherwise, it will impact the estimation accuracy. 



	Spreadtrum
	Regarding CAT.1, we are fine with the proposal 7. Also fine with the following restrictions proposed by Qualcomm. Considering in Rel-16 rank pairs of both {1,3} and {3,1} are not supported, we would like to add the following restriction:
· Both rank pair {1, 3} and {3,1} are not supported.

Generally we think AP CSI reporting for NC-JT hypothesis should be supported irrespectively of Cat.1 or Cat.2, to satisfy dynamic scheduling between DPS and NC-JT for gNB. Thus, for proposal 7-1, we suggest to delete the second bullet.
· Proposal 7-1: For CSI measurement associated to an implicit/explicit set of two reporting settings CSI-ReportConfigs for NCJT, 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 settings, and also with following restrictions: 
· [Only ‘typeI-SinglePanel’ codebook is supported];
· [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;


	Apple
	We are fine with the FL proposal 7
Proposal 7-1 needs further discussion, we do not see why proposal 7 cannot be used. We do not even see why proposal 7-1 cannot be supported by the current specification. 

	vivo
	Support the FL proposal.
Re QC’s comment, we are fine to remove the brackets in the FL proposal.
Re ZTE’s comment, we’d like to clarify as following:
· cri-RSRP or ssb-Index-RSRP could be separately discussed;
· For the restriction on periodicity and offset, they can be further discussed as next level detail, current wording does not preclude the possibility of different offsets;
· If we focus on ‘periodic’ and ‘semiPersistentOnPUCCH’ cases, there is also no p0alpha related issues;
· For CMR related issues, they can be discussed together with Cat1 for whether to put additional restrictions.
Re Spreadtrum, it is also our original preference to cover AP cases. As a compromise we are fine to limit to P/SP cases.
Re Apple, we have shown in our simulation results (R1-2007650) that Cat2 performs better than Cat1 in non-ideal backhaul scenarios and also better than legacy Rel-15/16 CSI reporting schemes. From the simulation results it is well justified to support Cat2 at least for non-ideal backhaul scenarios.

	FUTUREWEI
	We support FL’s Proposal 7.

	DOCOMO
	We support FL’s updated Proposal 7.
Regarding the FFS of scheme 1-2 and scheme 1-3, since it is also discussed how to associate CMR with TRP in enhanced group-based beam reporting in item2c, we think it is better to consider a unified CSI configuration signaling structure. But if majority view is scheme 1-2, we’re okay to take it for progress.

Regarding Proposal 7-1, if other companies also want to support Cat2 in addition to Cat1, we will not oppose it. However, considering that the spec. impact of Cat2 would be larger than Cat1, in order to not spend much time on Cat2 while neglect Cat1, we have following clarifications.
· Add a note that Cat1 has higher priority than Cat2 (if both are supported)
· The two restrictions in brackets should be kept. And add FFS for other restrictions that could minimize spec. impact of Cat2.


	OPPO
	We support FL’s proposal 7 in principle. We are fine with the restriction on Type I PS codebook. On the number of ports across CMRs, we prefer ZTE’s proposal that two CPUs should be counted for one CSI-ReportConfig for NCJT including two selected CMRs, and it would be better to include this in the proposal.
For Proposal 7-1, we can’t understand which function supported by Cat2 can’t be achieved by Cat1. As mentioned by QC, from specification perspective, it is unnecessary to support both Categories. It is redundant to support two CSI-ReportConfig with the same configuration in most IEs. It will take a lot of time to discuss which parameters should be the same between two CSI-ReportConfig, which should be discussed in further meetings. 

	LG
	Regarding Proposal 7, we are fine with the proposal. And if the intention is to down-select, we are also fine with the majority view (scheme 1-2). Regarding restriction for maximum number of ports across both CMRs, we have similar view with ZTE. 32-port can already be supported for single TRP transmission, so it is natural to support 32-port for each TRP in case of multi-TRP transmission. Regarding restriction for the same number of ports for two CMRs, the intention is not clear. So I would like to ask more clarification for the reason of the restriction. 
Regarding Proposal 7-1, we are ok to discuss it if majorities want to support it. If it is supported, it seems that the intention for three sub-bullets is not clear yet, so more discussion will be needed. 

	CMCC
	We support the current FL Proposal.
Regarding the comment from QC, we don’t see the reason for the need to restrict the maximum number of ports per TRP to 16. What’s the difference between configuring two FDMed CMRs with 32 ports in one CSI resource set for single-TRP transmission and two CMRs with 32 ports for each TRP in multi-TRP transmission? And also, we don’t know why the number of ports of two CMRs associated to two reporting settings need to be same since UE could process the two CMRs separately.

	Intel
	For proposal 7, we support scheme 1-2. 

For proposal 7-1, we assume that it is for multi-DCI based NCJT. It is not clear for us which enhancements are considered for this proposal. Configuration of two CSI reports associated with two different TRPs is possible with Rel. 15 CSI framework. 
Moreover, if proponents of proposal 7-1 assume that exchange of CSI information between TRPs is not possible when assumption on the coordination for MTRP scheduling is not clear. Hence, it is not clear if performance gains are achieved for NC-JT in this case. 

	Fraunhofer
	Support the FL Proposal 7 and scheme 1-2. Proposal 7-1 is not clear to us. Isn’t it already supported by the current spec?

	MediaTek
	We support FL’s Proposal 7 but we are unclear whether Proposal 7-1 is needed. We think Cat1 can also support multi-DCI based multi-TRP. For multi-DCI, CSI of a multi-TRP hypothesis can be divided into two parts and transmitted on separate PUCCH/PUSCHs to distinct TRPs. It suffices to introduce a second PUCCH, PUSCH in a CSI-ReportConfig and all other parameters can be naturally identical since only one report is used. As mentioned by ZTE and Proposal 7-1 itself, many clarifications and restrictions need to be added to two associated CSI reports. 
We share a similar view as ZTE that there is no need to restrict number of ports for a TRP to 16.

	QC2
	Regarding the restrictions, there seem to be some misunderstanding. We try to clarify here:
· Regarding same number of ports: This is also the assumption in Rel. 15 DPS (From 38.214: All CSI-RS resources within one set are configured with same density and same nrofPorts, except for the NZP CSI-RS resources used for interference measurement). If number of ports are different, then different CodebookConfig configurations are also needed due to different n1-n2 values. Hence, we do not think this restriction should be even controversial.
· Regarding max number of ports: The UE does not evaluate the two CMRs independently as the choice of one PMI impacts the choice of another PMI. The two PMIs need to be determined jointly, which increases the UE complexity. This is different than Rel. 15 DPS, where UE can evaluate each CMR separately and choose the best CSI hypothesis. Without the restriction, UE needs to handle 32+32 ports when determines (PMI1,PMI2). If there is an interest / use case for 32+32 ports, a separate UE capability should be supported. 
· Regarding codebook type: It seems to be common understanding that MU-MIMO does not need to be considered here. Hence, we suggest to limit to Type I SP in both proposals.

In addition, if both proposal 7 and proposal 7-1 are to be agreed, we do not need to specifically optimize Cat1 for multi-DCI, and Cat2 should be used for that purpose. Given the above, we suggest the following based on latest FL proposal:

· Proposal 7: 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.
· Note that RAN1 shall strive to finalize NCJT CSI enhancement with single reporting setting firstly. 
· Only ‘typeI-SinglePanel’ codebook is supported
· A separate UE capability is needed when the CMRs corresponding to different TRPs each have more than 16 ports.
 
· Proposal 7-1: For CSI measurement associated to an implicit/explicit set of two reporting settings CSI-ReportConfigs for NCJT, 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), and also with following restrictions: 
· Only ‘typeI-SinglePanel’ codebook is supported;
· 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;
· A separate UE capability is needed when the CMRs corresponding to different TRPs each have more than 16 ports.


	Moderator
	From FL perspective, we will strive to finalize Proposal 7-1 and Proposal 8 and to be approved in Wed GTW, depending on any further offline progress and email discussion. I take liberty to draft a few sentences for P8 to kick off discussion. 
Proposal 7-1: For CSI measurement associated to an implicit/explicit set of two reporting settings CSI-ReportConfigs for NCJT, 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), and also with following restrictions:
· Only ‘typeI-SinglePanel’ codebook is supported;
· 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;

Proposal 8: For CSI measurement over a Multi-TRP/panel transmission hypothesis, study following measurement resource configuration/association mechanism
· Whether/how to support interference measurement based on NZP CSI-RS
· With regarding to  NCJT CSI measurement with single reporting setting,  whether/how to support 
· P/SP/AP CMR/IMR resource configuration restrictions/associations 
· Interference assumption over CMRs and IMR(s)
· [With regarding to  NCT CSI measurement with two reporting settings, whether/how to support further restrictions over 
· CSI-ReportPeriodicityAndOffset
· CMR/IMR resource setting(s)]


	Lenovo/MotM
	Although we have concerns on the first two sub-bullets of Proposal 7-1, we are OK to accept the proposal as is to facilitate the discussion. However, we would like to note that the restrictions on codebook type and time-domain behavior of CSI feedback should not be reused for the single-DCI scenario 

	Samsung
	I want to ask one Question on Proposal 7-1. What’s the reason to support only P and SP based reporting on PUCCH? If it’s to avoid using PUSCH as reporting resource, does it mean that current PUCCH/PUSCH overlapping rule wouldn’t apply for this CSI reporting case?

On Proposal 8, we have the following comments.
· On the first bullet, it’s confusing what ‘interference measurement based on NZP CSI-RS’ means. NCJT interference would be from CMR of the other TRP which is definitely NZP CSI-RS. If the ‘interference measurement’ is not for NCJT interference, we prefer to clarify it .
· On the third bullet, there needs CMR/IMR associations across resource/report settings to establish NC-JT relationship, as in the second bullet. We prefer to clarify it.
So, we prefer to revise the proposal as follows
Proposal 8: For CSI measurement over a Multi-TRP/panel transmission hypothesis, study following measurement resource configuration/association mechanism
· Whether/how to support inter-cell/MU interference measurement based on NZP CSI-RS
· With regarding to  NCJT CSI measurement with single reporting setting,  whether/how to support 
· P/SP/AP CMR/IMR resource configuration restrictions/associations 
· Interference assumption over CMRs and IMR(s)
· [With regarding to  NCT CSI measurement with two reporting settings, whether/how to support further restrictions over 
· CSI-ReportPeriodicityAndOffset
CMR/IMR resource setting(s) and association between resource/report setting(s)]

	ZTE
	For proposal 8, we think the following bullet should be added to study. Otherwise, we don’t know what the association is
Proposal 8: For CSI measurement over a Multi-TRP/panel transmission hypothesis, study following measurement resource configuration/association mechanism
· Whether/how to support interference measurement based on NZP CSI-RS, e.g. for CSI calculation for one CMR, UE shall calculate interference from the associated CMR considering the precoder/TCI state used by the associated CMR
· With regarding to  NCJT CSI measurement with single reporting setting,  whether/how to support 
· P/SP/AP CMR/IMR resource configuration restrictions/associations 
· Interference assumption over CMRs and IMR(s)
· [With regarding to  NCT CSI measurement with two reporting settings, whether/how to support further restrictions over 
· CSI-ReportPeriodicityAndOffset
· CMR/IMR resource setting(s)]



	DOCOMO
	For Proposal 7, we do not agree with QC’s comment to delete ‘multi-DCI based and’ in the main bullet. We prefer to keep it, since it is clear that Cat1 can be used for multiple transmission schemes, including multi-DCI based NCJT TX.
For Proposal 7-1, we can accept FL’s current version.
For Proposal 8, we are fine with Samsung’s revision on adding ‘inter-cell/MU’ to clarify interference measurement.

	Ericsson
	We are supportive of Proposal 7.  For Cat 1, we are fine to downselect Scheme 1-2.  We are also ok to have the same number of ports for the two CMRs corresponding to the two TRPs.
We do not support Proposal 7.1.  As mentioned by Apple, Oppo, Intel, Fraunhofer, MediaTek, we have concern with specifying both Cat 1 and Cat 2.  Note that in the non-ideal backhaul scenario, PDSCH scheduling corresponding to two TRPs can be fully/partially/non overlapping.  CSI feedback for the case of non-overlapping PDSCHs can already be handled by configured two CSI report configs according to current spec.  If the intention is to specify Cat2 enhancement assuming fully overlapping assumption for CSI, then this is likely to be the worst case CSI.  The CSI may not be accurate in the case of non-overlapping PDSCH case.
On proposal 8, we are ok with the first two bullets only.  The last bullet is only needed if Proposal 7-1 is agreed.  At this point, we cannot agree to Proposal 7-1.  So we suggest to remove the last bullet.

Proposal 8: For CSI measurement over a Multi-TRP/panel transmission hypothesis, study following measurement resource configuration/association mechanism
· Whether/how to support interference measurement based on NZP CSI-RS
· With regarding to  NCJT CSI measurement with single reporting setting,  whether/how to support 
· P/SP/AP CMR/IMR resource configuration restrictions/associations 
· Interference assumption over CMRs and IMR(s)
· [With regarding to  NCT CSI measurement with two reporting settings, whether/how to support further restrictions over 
· CSI-ReportPeriodicityAndOffset
· CMR/IMR resource setting(s)]


	OPPO
	We are fine with proposal 7 with the update from QC.
For proposal 7-1, the benefit is still unclear to us with assumption of non-ideal backhaul. Even when UE can recommend S-TRP or M-TRP transmission to TRPs, how can the TRPs ensure that the PDSCH transmissions from different TRPs are overlapped or not without additional coordination on scheduling information (which may be dynamic)? In other words, how can TRPs schedule S-TRP or M-TRP transmission to follow UE’s recommendation with independent scheduling in each TRP?  As long as the benefits of Cat2 over Cat1 can be justified, we are open to consider it.
For proposal 8, we need further clarification on ZTE’s proposal: what is the meaning by “ considering the precoder/TCI state used by the associated CMR”, and how can UE do it?

	Spreadtrum
	For proposal 7, support FL’s proposal.  Not support QC’s revision. For M-DCI based M-TRP, PDSCHs from different TRPS could be overlapping, thus it is reasonable to enhance CSI for M-DCI based M-TRP operation.
For proposal 7-1, support FL’s updated proposal. 
For the first bullet of proposal 8, if NZP CSI-RS is referring to CMR for another TRP, we prefer the following update to make it clear:
Proposal 8: For CSI measurement over a Multi-TRP/panel transmission hypothesis, study following measurement resource configuration/association mechanism
· Whether/how to support interference measurement based on NZP CSI-RS CMR associated with another TRP/panel
· With regarding to  NCJT CSI measurement with single reporting setting,  whether/how to support 
· P/SP/AP CMR/IMR resource configuration restrictions/associations 
· Interference assumption over CMRs and IMR(s)
· [With regarding to  NCT CSI measurement with two reporting settings, whether/how to support further restrictions over 
· CSI-ReportPeriodicityAndOffset
CMR/IMR resource setting(s)]

	Intel
	For proposal 7-1, problem which is addressed by this proposal according to the proponents is non-ideal backhaul case where CSI exchange between TRPs leads to degradation due to delay in non-ideal backhaul. To solve the issue two Cat 1 reports can be configured and reported to TRP#1 and TRP#2. If the above is not precluded by proposal 7-1 we are fine to agree on this proposal. 

	ZTE
	@ OPPO, the following description is captured in the current 38.214 (marked in red) where UE assume one NZP CSI-RS port corresponding to one interference layer.  This description should be enhanced in Rel-17 for interference between two CMRs. 
If two CMRs are selected, the interference between two CMRs should be assumed as inter-layer interference, like PDSCH inter-layer interference. In such case, the precoding and beam used by two CMRs should be considered to mimic PDSCH inter-layer interference. 
-------------------38.214------------------
For CSI measurement(s), a UE assumes: 
-	each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer.
-	all interference transmission layers on NZP CSI-RS ports for interference measurement take into account the associated EPRE ratios configured in 5.2.2.3.1; 
-	other interference signal on REs of NZP CSI-RS resource for channel measurement, NZP CSI-RS resource for interference measurement, or CSI-IM resource for interference measurement.

If our previous wording is unclear, we suggest the following revision for proposal 8
Proposal 8: For CSI measurement over a Multi-TRP/panel transmission hypothesis, study following measurement resource configuration/association mechanism
· Whether/how to support interference measurement based on NZP CSI-RS(associated CMR), 
· FFS  whether precoding information should be considered for NZP CSI-RS for interference measurement   
· With regarding to  NCJT CSI measurement with single reporting setting,  whether/how to support 
· P/SP/AP CMR/IMR resource configuration restrictions/associations 
· Interference assumption over CMRs and IMR(s)
· [With regarding to  NCT CSI measurement with two reporting settings, whether/how to support further restrictions over 
· CSI-ReportPeriodicityAndOffset
· CMR/IMR resource setting(s)]


	CATT
	As stated by ZTE, in Rel-15, each NZP CSI-RS for interference measurement corresponds to an interference transmission layer. Therefore, they should be precoded. 
From our understanding, the interference measurement based on NZP CSI-RS in Proposal 8 is not for MU case, since in Rel-16 it’s already well accepted by most of companies that the mixed transmission of MU and NCJT is not a valid case. So, we should clarify that the intention of supporting interference measurement based on NZP CSI-RS in NCJT is not for MU-MIMO.
Therefore, based on ZTE’s revision, we have the following suggestion:
Proposal 8: For CSI measurement over a Multi-TRP/panel transmission hypothesis, study following measurement resource configuration/association mechanism
· Whether/how to support interference measurement based on NZP CSI-RS(associated CMR), 
· FFS  whether precoding information should be considered for NZP CSI-RS for interference measurement   
· Note that interference measurement based on NZP CSI-RS for MU-MIMO is not supported
· With regarding to  NCJT CSI measurement with single reporting setting,  whether/how to support 
· P/SP/AP CMR/IMR resource configuration restrictions/associations 
· Interference assumption over CMRs and IMR(s)
· [With regarding to  NCT CSI measurement with two reporting settings, whether/how to support further restrictions over 
· CSI-ReportPeriodicityAndOffset
· CMR/IMR resource setting(s)]

	CMCC
	For Proposal 7 and Proposal 7-1, we support the FL’s proposal. 
For Proposal 8, we’re OK with Samsung’s revision.

	vivo2
	Support the latest version of FL’s proposal 7 and 7-1.
Re Samsung, some companies think A-CSI is too complicated for Cat2 in terms of timeline, so we can restrict to P-CSI and SP-CSI as a compromise.
In response to other comments and concerns on Proposal 7-1, I’d like to elaborate more in the following:
1. In our views, Cat2 as given in Proposal 7-1 is more suitable to M-DCI based m-TRP with non-ideal backhaul which is one of the scenarios we need to enhance. In Cat2, two CSI reports with different PUCCH/PUSCH resources can be configured or activated, which are received by different TRPs directly without backhaul exchange. In our simulation, if Cat1 CSI feedback is used for non-ideal backhaul, and the CSI is transferred from one TRP to another TRP, obvious degradation is caused.
2. Legacy Rel-15/16 CSI framework cannot support Cat2 directly. For two configured legacy CSI reporting settings, each associated with one CMR from one TRP, and NZP CSI-RS resource for interference measurement same as the CMR from the other TRP, the UE regards them as two independent CSI reporting and may perform CSI measurement and calculation separately. This inevitably increases UE complexity because actually NCJT CSI can be jointly calculated. Secondly, each TRP cannot predict the accurate PMI/precoder to the NCJT UE when it generates the NZP CSI-RS for interference measurement to stimulate the interference of the other PDSCH for NCJT. Thirdly, NZP CSI-RS resource for interference measurement can only be configured for A-CSI report, which restricts the m-TRP CSI report.
4. How does Cat2 work and what is the potential spec impact? 
In our thinking, for Cat2, when multiple CSI reporting settings are associated, the UE behavior will change to m-TRP CSI measurement and reporting accordingly. For example, CMR from one TRP can be used as the NZP IMR for the other TRP and vice versa, which are used for NCJT CSI calculation or DPS CSI calculation.
Another aspect of CSI enhancement that can achieve performance gain lies in UE’s selection and reporting the best CSI hypothesis(es) as Proposal 8 lists. The reported CSI can vary according to the UE selected best CSI hypothesis, e.g., NCJT CSI or DPS CSI. Some companies raised their concern that for independent scheduling between TRPs, the reported CSI either with non-overlapping assumption or overlapping assumption is not aligned with the actual scheduling PDSCHs. However, from the simulation results given below (also shown in our updated Tdoc R1-2009509), we can also observe the benefits at low to median RU. At low or median RU, since a small number of UEs exist in the network, the scheduling of each TRP would likely to follow the UE’s reported CSI recommending the opimal m-TRP transmission schemes, i.e., NCJT or DPS, without resource competition of other UEs, even if it performs independent scheduling. Moreover, both legacy Rel-15/16 CSI framework without any enhancement assuming s-TRP CSI fed back to each TRP and Cat1 CSI enhancement with backhaul exchange latency due to non-ideal backhaul have performance loss compared to Cat2. Cat1 with very large backhaul latency is even worse than STRP.

Following cases are evaluated:
	Scheme
	CSI report
	Scheduling
	UE’s working mode

	STRP
	STRP CSI report to the serving TRP
	UE scheduled by serving TRP
	STRP

	DPS
	Cat2 framework: DPS CSI report to both TRPs
	Independent scheduling
	DPS

	Legacy CSI*
	Two CSI report settings in legacy CSI framework: each with a STRP CSI report to its corresponding TRP
	Independent scheduling
	DPS or NCJT

	Cat2
	Cat2 framework: UE selected NCJT CSI or DPS CSI report to both TRPs
	Independent scheduling
	DPS or NCJT

	Cat1 (5ms)
	Cat1 framework: UE selected NCJT CSI or DPS CSI report to a single TRP, CSI exchange with 5ms latency
	Independent scheduling
	DPS or NCJT

	Cat1 (50ms)
	Cat1 framework: UE selected NCJT CSI or DPS CSI report to a single TRP, CSI exchange with 50ms latency
	Independent scheduling
	DPS or NCJT



Table 1: Indoor Hotspot with non-ideal backhaul
	FR1, RU for STRP (16%)
	Mean UPT
	5% UPT
	50% UPT

	STRP
	-32.52%
	-28.20%
	-25.33%

	DPS
	-24.41%
	-6.58%
	-13.85%

	Legacy CSI
	-4.49%
	-8.37%
	-6.67%

	Cat2
	0.00%
	0.00%
	0.00%

	Cat1 (5ms)
	-4.69%
	-6.96%
	-7.57%

	Cat1 (50ms)
	-21.51%
	-37.50%
	-29.88%



	FR1, RU for STRP (38%)
	Mean UPT
	5% UPT
	50% UPT

	STRP
	-31.63%
	-35.61%
	-30.45%

	DPS
	-14.43%
	-13.14%
	-7.06%

	Legacy CSI
	-12.31%
	-13.41%
	-15.24%

	Cat2
	0.00%
	0.00%
	0.00%

	Cat1 (5ms)
	-12.43%
	-15.91%
	-13.79%

	Cat1 (50ms)
	-35.44%
	-45.29%
	-38.42%



Table 2: Dense Urban with non-ideal backhaul
	FR1, RU for STRP (14%)
	Mean UPT
	5% UPT
	50% UPT

	STRP
	-13.33%
	-13.85%
	-9.61%

	DPS
	-12.11%
	-6.53%
	-9.61%

	Legacy CSI
	-5.36%
	-11.18%
	-7.84%

	Cat2
	0.00%
	0.00%
	0.00%

	Cat1 (5ms)
	-2.52%
	-5.85%
	-4.08%

	Cat1 (50ms)
	-10.38%
	-33.48%
	-14.92%



	FR1, RU for STRP (25%)
	Mean UPT
	5% UPT
	50% UPT

	STRP
	-8.53%
	-13.78%
	-4.05%

	DPS
	-6.51%
	-7.41%
	-1.22%

	Legacy CSI
	-4.66%
	-11.56%
	-4.05%

	Cat2
	0.00%
	0.00%
	0.00%

	Cat1 (5ms)
	-3.66%
	-8.60%
	-4.28%

	Cat1 (50ms)
	-16.34%
	-36.95%
	-21.17%








From FL perspective, when/how to use NCJT with single or multi-DCI is up to network scheduling preference. Some variation of reporting quantity may be configurable and up to NW/UE support, in condition that RAN1 can agree with associated measurement/reporting mechanism. 

Proposal 9:  For CSI reporting associated with a Multi-TRP/panel NCJT measurement hypothesis, at least for eMBB, the UE is expected to report 
· two RIs, two PMI, two LIs and one CQI
· FFS: whether/how to support more than one CQIs to be reported in a CSI, e.g. two CQIs assuming multi-DCI based NCJT	Comment by min zhang: CATT/MTK/Samsung
· FFS: whether/how to support one or more than one CRIs to be reported in a CSI, depending on the outcome of resource configuration discussion 
· FFS: restrictions among reported CSI quantities, e.g. among reported RIs and PMIs
· FFS: applicable codebook, e.g. Type I SP only

	Company
	Comments (for Proposal 9)

	CATT
	Report quantities for non-PMI based port selection should also be considered. In addition, for 2-codeword transmission, a CQI is reported for each codeword. Therefore, the following revision of proposal 9 is recommended:
Proposal 9:  For CSI reporting associated with a Multi-TRP/panel NCJT measurement hypothesis, at least for eMBB, the UE is expected to report 
· two RIs, two PMI, two LIs and one CQI
· report quantities for non-PMI based port selection, e.g. two CRI/RI and one or two CQIs.
· FFS: whether/how to support more than one CQIs to be reported in a CSI, e.g. two CQIs assuming multi-DCI based NCJT or single-DCI based NCJT with 2 codewords.
· FFS: whether/how to support one or more than one CRIs to be reported in a CSI, depending on the outcome of resource configuration discussion 
· FFS: restrictions among reported CSI quantities, e.g. among reported RIs and PMIs
· FFS: applicable codebook, e.g. Type I SP only

	Ericsson
	In the FFS on whether/how to support more than one CQIs to be reported in a CSI, regarding two CQIs assuming multi-DCI based NC-JT, we wonder isn’t it more straightforward to configure to different CSI report configs and do separate CSI reporting per TRP as in Rel-16?
In multi-DCI based Multi-TRP, the UE can be scheduled on partially overlapping, fully overlapping, or non-overlapping resources from the two TRPs.  The CQIs calculation may depend on which type of resource allocation (partially overlapping, fully overlapping or non-overlapping) is used to schedule by the UE.  So we wonder which assumption companies have in mind for the example of two CQIs assuming multi-DCI based NC-JT?


	Lenovo/MotM
	Regarding proposal 9, we believe k CQIs would be needed in one CSI report whenever CSI corresponding to k channel hypotheses are reported, e.g., k=2 for Proposal 10, Alt1, for either single-DCI or multi-DCI mTRP, and k=1 for Proposal 10, Alt2.
Regarding the applicable codebook, we believe it should not be restricted to Type I SP. The CSI report configuration and feedback should be generic enough to support arbitrary codebook types. Clearly, we do not want to specify a new enhancement whenever a new codebook is specified, and we do not see a clear reason to preclude Type-II codebooks. 
Regarding Ericsson’s comment, whenever a UE is triggered to feed back CSI for multi-DCI mTRP, it should assume the worst case of fully overlapping resources between TRPs. In case of non-overlapping resources, the network should not trigger the UE with mTRP CSI feedback. 
In light of that, we suggest the following modification to the proposal
Proposal 9:  For CSI reporting associated with a Multi-TRP/panel NCJT measurement hypothesis, at least for eMBB, the UE is expected to report 
· two RIs, two PMI, two LIs and one CQI
· FFS: whether/how to support more than one CQIs to be reported in a CSI, e.g. two CQIs assuming multi-DCI based NCJT CSI feedback for two channel hypotheses is reported
· FFS: whether/how to support one or more than one CRIs to be reported in a CSI, depending on the outcome of resource configuration discussion 
· FFS: restrictions among reported CSI quantities, e.g. among reported RIs and PMIs
· FFS: applicable codebook, e.g. Type I SP only

	Samsung
	On Ericsson’s comment:
Agree with Lenovo’s understanding that CSI for M-DCI should assume fully overlapping case. Besides, current CSI framework doesn’t differentiate CQI for scheduling possibilities. UE can calculate CQI on CSI reference resource assuming full overlapping case. Then, gNB would utilize such CQI for all the cases (full/partial/non-overlapping) by implementation.
Besides, in M-DCI we have two HARQ-ACK feedback modes (separate, joint) which are suitable for different backhaul situation and scheduler options. It’s reasonable to have similar design for CSI too: configurable between separate report or joint report for M-DCI.

	QC
	Support the FL proposal. 
Similar view as Ericsson regarding FFS. If UE assumes worst-case scenario (overlapping) for multi-DCI, the benefit of CSI enhancements is unclear if the PDSCHs are sometimes non-overlapping or sometimes partially-overlapping. Also, NCJT with single-DCI does not support 2 CQIs unless if # of layers is > 4, and even in that case each CW has layers from both TRPs.
With respect to applicable codebook, we think only Type I SP should be supported as mentioned above (this can be discussed as part of proposal 7)

	ZTE
	Support FL proposal. In addition, it is necessary to support both PMI based and non-PMI based CSI feedback. So we also support CATT’s revision for non-PMI based port selection.

For M-DCI based MTRP transmission, we have similar view with Ericsson and QC.

	Spreadtrum
	Fine with FL proposal

	FUTUREWEI
	We support FL’s proposal in principle.

	DOCOMO
	We have following comments.
First, for the main bullet, we think it is for a CSI reporting setting for Cat.1. Hence, better to revise it as ‘For a CSI reporting associated with …’.
Second, whether to report one or two CQIs is depending on what transmission schemes to be performed. Hence, we think the number can be configured by NW, which also implies the transmission scheme for UE.

	OPPO
	We are generally fine with the proposal. 
Regarding the assumption for M-DCI mentioned by Ericsson, we think both the CQIs for worst case (fully overlapping) and best case (not overlapping) should be reported, otherwise there will be performance loss if the CQI assumption is inconsistent with the gNB scheduling (as raised by QC). For partially overlapping, the CQI for fully overlapping assumption can be reused as reference. 
We are also fine to add sub-bullet for non-PMI based feedback.

	CMCC
	We’re fine with FL proposal.  
Similar view with Ericsson and QC for M-DCI based multi-TRP transmission.

	vivo
	1. We think HST CSI is another hypothesis that need to be considered, where one RI, two PMI, one LI and one CQI may be needed.
2. In our understanding, a CQI means CQI for single codeword and double codewords for a PDSCH transmission. Hence, two CQIs imply two separate CQI corresponding to two PMIs/RIs. Maybe we need to clarify it in the proposal by
A CQI is for a PDSCH transmission with a single codeword or double codewords.

	Intel
	Fine with the proposal.

	Fraunhofer
	Support FL’s proposal. 

	MediaTek
	We support Proposal 9.
To Ericsson: Separate CSI reporting as R16 is indeed straightforward if there is no association between two CSI reports. However, report association is required to support joint CSI calculation, i.e., Cat2, which requires quite some discussion within WI. 
To Ericsson and QC: Partial overlapping can hardly be quantified, so we do not think it is worth considering CSI enhancement for partial overlapping. Instead, we should assume certain TRP coordination and focus on the full overlapping case. Note that the non-overlapping case can already be supported by R15. Whether to apply the CSI assuming full overlapping/no overlapping on the partial overlapping case can be up to gNB implementation.  We think joint CSI calculation for multi-DCI based multi-TRP is only effective when two TRPs can coordinate with each other to some extent.  

	Moderator
	· I have removed “e.g.” for # of CQIs since we may not agree with “e.g.”. Proponents can provide/justify motivations so that we will come back next meeting. 
· Non-PMI PS across two CSI-RS resources preferred by CATT/ZTE need to be FFS since it will impact applicable codebook and associated reporting quantities. The same reason is applied for SRI since SRI is only supported with Type I SP codebook. 
· It seems that one CQI can be misleading but my intention refers to single PDSCH transport block. Even when total layers is greater than 4, we have two CQIs for two CW, and each of CQI/CW is still associated with same two PMI from two TRPs. But let us start from the simple case firstly, in case that my understanding may be wrong. 

Proposal 9:  For a CSI reporting associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, the UE is expected to report 
· two RIs, two PMI, two LIs and one CQI, when the maximal transmission layers is less than or equal to 4
· Note that  a CQI refers to the highest CQI index for a single PDSCH transport block with a combination of modulation scheme, target code rate and transport block size received with a transport block error probability
· FFS: whether/how to support more than one CQIs to be reported in a CSI, e.g. two CQIs assuming multi-DCI based NCJT
· FFS: whether/how to support CRI(s) to be reported in a CSI, depending on the outcome of resource configuration discussion 
· FFS: restrictions among reported CSI quantities, e.g. among reported RIs and PMIs
· FFS: applicable codebook other than Type I SP, and whether/how to support non-PMI based port-selection

	Lenovo/MotM
	We are fine with the current proposal.
To clarify our position on Proposal 9 regarding the number of CQIs in a CSI report, we believe Proposal 9 relies on the selected alternative of Proposal 10 (i.e., Alt1, Alt2). In case the UE reports CSI for both single-TRP and multi-TRP hypotheses, i.e., Alt1, 2 CQIs are needed for the two different hypotheses, since the best CQI values for the two hypotheses are not the same. In case CSI is reported for one hypothesis only, one CQI would suffice (as long as rank<=4). 
We also agree with OPPO and MediaTek’s comments on partial overlapping under multi-DCI

	Samsung
	We prefer to have ‘whether/how to support non-PMI based port-selection’ as a separate bullet outside codebook discussion, as in CRI. We think non-PMI PS does not depend on codebook, and PS having PMI (e.g., type II PS) is included in ‘applicable codebook’ part. 
Also, from that understanding, it’s fine to support non-PMI based PS in this stage and we prefer to remove ‘whether/how to’ in here.

	LG
	We are generally fine with the last FL’s proposal. But, regarding the number of reported LIs, it seems that there is the case that one reported LI is sufficient such as multi-panel NCJT case. So, we would like to add square brackets like [two] LIs.

	ZTE
	Support the latest FL proposal

	DOCOMO
	Support the latest FL proposal.

	Ericsson
	Ok with latest FL’s proposal.

	OPPO
	Fine with the FL’s proposal.

	Spreadtrum
	Firstly, we have one clarification about the first bullet. Does it assume single DCI based M-TRP? For M-DCI based M-TRP where the maximal transmission layers is also less than or equal to 4 for each PDSCH, two CQIs to be reported is OK. 
Secondly, we suggest the first bullet should be FFS, for the reason that we have not agreed to support CSI enhancement for which specific case, e.g., scheme 1a and/or M-DCI based, shown in proposal 8.
Proposal 9:  For a CSI reporting associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, the UE is expected to report 
· FFS: two RIs, two PMI, two LIs and one CQI, when the maximal transmission layers is less than or equal to 4
· Note that  a CQI refers to the highest CQI index for a single PDSCH transport block with a combination of modulation scheme, target code rate and transport block size received with a transport block error probability
· FFS: whether/how to support more than one CQIs to be reported in a CSI, e.g. two CQIs assuming multi-DCI based NCJT
· FFS: whether/how to support CRI(s) to be reported in a CSI, depending on the outcome of resource configuration discussion 
· FFS: restrictions among reported CSI quantities, e.g. among reported RIs and PMIs
FFS: applicable codebook other than Type I SP, and whether/how to support non-PMI based port-selection

	Intel
	Support the proposal

	CATT
	Agree with Samsung that  non-PMI based PS should be supported. So, we have the following revision:
Proposal 9:  For a CSI reporting associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, the UE is expected to report 
· two RIs, two PMI, two LIs and one CQI, when the maximal transmission layers is less than or equal to 4
· Note that  a CQI refers to the highest CQI index for a single PDSCH transport block with a combination of modulation scheme, target code rate and transport block size received with a transport block error probability
· FFS: whether/how to support more than one CQIs to be reported in a CSI, e.g. two CQIs assuming multi-DCI based NCJT
· FFS: whether/how to support CRI(s) to be reported in a CSI, depending on the outcome of resource configuration discussion 
· FFS: restrictions among reported CSI quantities, e.g. among reported RIs and PMIs
· FFS: applicable codebook other than Type I SP, and whether/how to support
·  Nnon-PMI based port-selection is supported
Regarding the number of layers, why do we only consider the case with no more than four layers? If 2-codeword transmission is possible in NCJT, CQI per codeword should be supported. 

	CMCC
	Regarding the first bullet, only one reported LI might be needed for URLLC scheme 2a/2b/3/4. So, we have the following revision:
Proposal 9:  For a CSI reporting associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, at least for eMBB, the UE is expected to report 
· two RIs, two PMI, two LIs and one CQI, when the maximal transmission layers is less than or equal to 4
· Note that  a CQI refers to the highest CQI index for a single PDSCH transport block with a combination of modulation scheme, target code rate and transport block size received with a transport block error probability
· FFS: whether/how to support more than one CQIs to be reported in a CSI, e.g. two CQIs assuming multi-DCI based NCJT
· FFS: whether/how to support CRI(s) to be reported in a CSI, depending on the outcome of resource configuration discussion 
· FFS: restrictions among reported CSI quantities, e.g. among reported RIs and PMIs
FFS: applicable codebook other than Type I SP, and whether/how to support non-PMI based port-selection

	Moderator
	@CMCC: a sentence in bracket is added.
@ LG: I have made a note to be addressed in GTW
@SS/CATT: the last FFS will be addressed in GTW
@Spreadrum: a sentence in bracket is added.

Proposal 9:  For a CSI reporting associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, [at least for multi-DCI based and single-DCI based schemes (scheme 1a)], the UE is expected to report 
· two RIs, two PMI, two LIs and one CQI, at least when the maximal transmission layers is less than or equal to 4
· Note that  a CQI refers to the highest CQI index for a single PDSCH transport block with a combination of modulation scheme, target code rate and transport block size received with a transport block error probability
· FFS: whether/how to support more than one CQIs to be reported in a CSI
· 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: applicable codebook other than Type I SP, 
· FFS: whether/how to support non-PMI based port-selection
[LGE]: prefer to [two] Lis
[SS/CATT]: prefer changing last FFS to support 


	Apple
	We think we should not start with single CQI (i.e. leave the one CQI part out)

For MDCI MTRP, two independent TB is scheduled so we need two CQI
For SDCI MTRP, the same TB or only single TB is transmitted so we need one CQI

First of all, according to the actually deployment plan, MDCI MTRP has a lot more commercial interest than SDCI MTRP
Secondly, infra-vendor keeps bringing up backhaul issue, which clearly is harder for SDCI MTRP. 

We think we should start with two CQI, or leave the number of CQI is FFS



Proposal 10:  For a CSI reporting configuration, at least for eMBB, support following UE reporting mechanism: 
· 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  	Comment by min zhang: CATT, Apple, Intel, DC, QC, Ericsson
· the UE can be expected to report one CSI associated with the best one among multi-TRP and single-TRP measurement hypotheses, if configured	Comment by min zhang: SS, LG, CMCC, Nokia
· FFS how to determine the best one among two hypotheses by the UE 
· FFS: CSI reporting configuration details 
· Note that if a measurement hypothesis, either multi-TRP, or single-TRP, or both multi-TRP and Single TRP is configured by corresponding CSI reporting configuration, the UE is expected to report CSI associated with that measurement hypothesis/hypotheses only. 	Comment by Ericsson: Note that according to the first bullet the UE can report one CSI for best single-TRP hypothesis and one CSI for best NC-JT hypothesis.  So included ‘both multi-TRP and single-TRP’ as an option here.

	Company
	Comments (for Both Proposal 10)

	Ericsson
	Note that according to the first bullet the UE can report one CSI for best single-TRP  hypothesis and one CSI for best NC-JT hypothesis.  So included ‘both multi-TRP and single TRP’ as an option here.

	Lenovo/MotM
	We believe the CSI feedback for multi-TRP hypothesis (e.g., from TRP1 and TRP2) can be partially used for two additional hypotheses for single-TRP (TRP1 and TRP2), which fits Alt2 of Proposal 10. This setup would allow the network to utilize the feedback for two additional hypotheses (with a possibility of degraded performance), however with no cost in complexity or CSI feedback size. We believe that for Alt2 to be supported, there should be a pre-determined  fallback algorithm for the network to extract single-TRP CSI (although possibly suboptimal) from multi-TRP CSI (in case m-TRP hypothesis feedback is selected), since the network may resort to single-TRP transmission mode, e.g., due to unforeseen scheduling/backhaul issues. Thereby we suggest the last note is removed. We propose the following  

Proposal 10:  For a CSI reporting configuration, at least for eMBB, support following UE reporting mechanism: 
· Alt1: 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  
· Alt2:the UE can be expected to report one CSI associated with the best one among multi-TRP and single-TRP measurement hypotheses, if configured
· FFS how to determine the best one among two hypotheses by the UE 
· FFS: CSI reporting configuration details 
· Note that if a measurement hypothesis, multi-TRP, single-TRP, is configured by corresponding CSI reporting configuration, the UE is expected to report CSI associated with that measurement hypothesis only. 

	QC
	Support the FL proposal. A CSI for single-TRP hypo is different than CSI for mTRP hypo as # of layers, PMI, CQI, LI would be all different depending on whether it is a sTRP hypo or mTRP hypo. Hence, we prefer the original FL proposal above. 
Both first and second bullets can be supported by configuration so that network can control the overhead versus scheduling flexibility tradeoff. Note that in both cases, UE anyway pays the cost in terms of complexity (evaluating the hypotheses). Hence, the first bullet is important to be supported so that network can decide between sTRP / mTRP based on the CSI reports as well as scheduling algorithms / restrictions at the network.
For the note, we are ok with Ericsson’s revisions. 

	ZTE
	We prefer to further discuss this issue after above proposals are agreed, especially proposal 7 and 7-1. The revision from Lenovo is better for us. 
That’s because two CSI reporting can be configured for Alt1 and Alt 2 listed by Lenovo. Otherwise, the PUSCH overhead for one CSI reporting will be very large, more spec effort is also needed for CSI omission rule. 

	Spreadtrum
	Generally, the first bullet and second bullet could achieve the same function to support CSI measurement and reporting for NCJT hypothesis. No necessary to support both. Compared with the first bullet, the second bullet would
· reflect on UE’s recommendation on single TRP transmission or NC-JT transmission based UE’s measurement
· Although the first bullet could provide all information for gNB, but it is not necessary, especially when the measurement results demonstrate it is not applicable for NCJT.
· consume the same cost in terms of UE CSI calculation complexity;
· bring in much fewer UCI size
· The first bullet requires UE always reports one CSI for single TRP and one CSI report for NCJT, thus it will consume more PUCCH or PUSCH resources, or more complex UCI omission rules are needed.
Thus, for progress, we would like to update the proposal as follows, and we prefer Alt.2.
Proposal 10:  For a CSI reporting configuration, at least for eMBB, support one or both of the  following UE reporting mechanisms: 
· 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  
· Alt.2: the UE can be expected to report one CSI associated with the best one among multi-TRP and single-TRP measurement hypotheses, if configured
· FFS how to determine the best one among two hypotheses by the UE 
· FFS: CSI reporting configuration details 
· Note that if a measurement hypothesis, multi-TRP, single-TRP, is configured by corresponding CSI reporting configuration, the UE is expected to report CSI associated with that measurement hypothesis only. 

	FUTUREWEI
	We are fine with Lenovo/MotM’s modified proposal.

	DOCOMO
	We are generally fine with either E/// or Lenovo’s revision.

	OPPO
	We prefer Spreadtrum’s version which is clearer, while we are also fine with  Lenovo/MotM’s version with “one or both of”.
Regarding Alt.2, we propose to add one sub-bullet below since the CSI content for different  measurement hypotheses is different and gNB should know the current measurement hypotheses associated with the reported CSI.

Proposal 10:  For a CSI reporting configuration, at least for eMBB, support one or both of the  following UE reporting mechanisms: 
· 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  
· Alt.2: the UE can be expected to report one CSI associated with the best one among multi-TRP and single-TRP measurement hypotheses, if configured
· FFS how to determine the best one among two hypotheses by the UE 
· FFS how to report the measurement hypotheses associated with the reported CSI
· FFS: CSI reporting configuration details 
· Note that if a measurement hypothesis, multi-TRP, single-TRP, is configured by corresponding CSI reporting configuration, the UE is expected to report CSI associated with that measurement hypothesis only.

	CMCC
	We prefer Lenovo’s revision.

	Intel
	We prefer wording proposed by OPPO. 
One additional thing we would like to note that in some cases there is no need to report NCJT measurement hypotheses if single-TRP measurement hypotheses is better for Alt1, so omission of multi-TRP measurement hypotheses may be considered.
 
Proposal 10:  For a CSI reporting configuration, at least for eMBB, support one or both of the  following UE reporting mechanisms: 
· 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 multi-TRP and single-TRP measurement hypotheses, if configured
· FFS how to determine the best one among two hypotheses by the UE 
· FFS how to report the measurement hypotheses associated with the reported CSI
· FFS: CSI reporting configuration details 
Note that if a measurement hypothesis, multi-TRP, single-TRP, is configured by corresponding CSI reporting configuration, the UE is expected to report CSI associated with that measurement hypothesis only.

	Fraunhofer
	Support OPPO’s revision of the proposal. 

	MediaTek
	Support the FL proposal and fine with Ericsson’s revision.

	Moderator
	· Most companies prefer Lenovo or Oppo version so that I start from there by removing the note and add a few FFSs 
· @Victor: If you prefer omission rules, perhaps you prefer Alt 2 then. 

Proposal 10:  For a CSI reporting setting configuration, at least for eMBB, support one or both 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  
· Alt 2: the UE can be expected to report one CSI associated with the best one among multi-TRP and single-TRP measurement hypotheses, if configured
· FFS how to determine the best one among two hypotheses by the UE 
· FFS how to report recommended measurement hypothesis associated with that CSI report
· FFS: CSI reporting configuration details 
· FFS: supporting which one or both  mechanisms is to be determined in RAN1 104e
· Note that if a measurement hypothesis, multi-TRP, single-TRP, or both multi-TRP and Single TRP is configured by corresponding CSI reporting configuration, the UE is expected to report CSI associated with that measurement hypothesis/hypotheses only. 


	Lenovo/MotM
	We suggest adding one FFS bullet point to Alt2 on whether to support a fallback approach that enables the network to construct a single-TRP CSI in case CSI feedback for multi-TRP is reported. The network may decide to instantaneously fall back to single-TRP transmission for multiple reasons, e.g., network traffic/scheduling decisions. The modified proposal is provided below (proposed bullet is highlighted to differentiate from moderator edits)

Proposal 10:  For a CSI reporting setting configuration, at least for eMBB, support one or both 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  
· Alt 2: the UE can be expected to report one CSI associated with the best one among multi-TRP and single-TRP measurement hypotheses, if configured
· FFS how to determine the best one among two hypotheses by the UE 
· FFS how to report recommended measurement hypothesis associated with that CSI report
· FFS whether/how the CSI for multi-TRP hypothesis (if reported) can be used to determine an appropriate CSI for single-TRP fallback
· FFS: CSI reporting configuration details 
· FFS: supporting which one or both  mechanisms is to be determined in RAN1 104e
Note that if a measurement hypothesis, multi-TRP, single-TRP, or both multi-TRP and Single TRP is configured by corresponding CSI reporting configuration, the UE is expected to report CSI associated with that measurement hypothesis/hypotheses only.

	Samsung
	Support modified FL proposal.

	LG
	Can we add the following alternative? This is because a CSI reporting setting can only be related to multi-TRP measurement hypotheses without single-TRP measurement hypothesis. In this case, the UE should report the best one among those multi-TRP measurement hypotheses. 

Alt.3: the UE can be expected to report one CSI associated with the best one among multi-TRP measurement hypotheses, if configured

	ZTE
	Support modified FL proposal.
To address LG’s concern, we can slightly revise the Alt.2 as follows, the LG’s Alt3 will be included in Alt.2
· Alt 2: the UE can be expected to report one CSI associated with the best one among multi-TRP and/or single-TRP measurement hypotheses, if configured


	DOCOMO
	Support FL latest proposal.
We’re also fine to add LG’s Alt.3.

	Ericsson
	Ok with modified FL proposal.

	OPPO
	Fine with the updated proposal. 
For Alt.3, we are open to it if companies can clarify the benefit of Alt.3 over Alt.2. If multi-TRP measurement hypotheses are better than single-TRP measurement hypotheses, UE would report only the best one among multi-TRP measurement hypotheses as in Alt.3; Otherwise, why UE still report CSI based on multi-TRP measurement hypotheses when single TRP measurement hypotheses are better?

	Spreadtrum
	Support updated FL proposal

	Intel
	In our view Alt 1 with omission of multi-TRP CSI hypothesis is not the same as Alt 2. 
In our view reporting of single-TRP CSI hypothesis is beneficial for interference coordination (DPB), even if multi-TRP transmission is better for one UE it is not always true that it is better from system perspective, hence, single-TRP can be selected by the scheduler. Thus, single-TRP CSI hypothesis is always needed. 
However, multi-TRP CSI hypothesis is needed only for the case where multi-TRP transmission is better than single-TRP. 
Thus, two CSI hypothesis should be reported if multi-TRP CSI hypothesis is the best and 1 CSI hypothesis can be reported if single-TRP CSI hypothesis is the best if omission is considered. 
We still prefer to study further if omission is needed and how it can be achieved.

Proposal 10:  For a CSI reporting setting configuration, at least for eMBB, support one or both 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 multi-TRP and single-TRP measurement hypotheses, if configured
· FFS how to determine the best one among two hypotheses by the UE 
· FFS how to report recommended measurement hypothesis associated with that CSI report
· FFS: CSI reporting configuration details 
· FFS: supporting which one or both  mechanisms is to be determined in RAN1 104e
Note that if a measurement hypothesis, multi-TRP, single-TRP, or both multi-TRP and Single TRP is configured by corresponding CSI reporting configuration, the UE is expected to report CSI associated with that measurement hypothesis/hypotheses only

	CATT
	Support updated FL proposal and ZTE’s revision of Alt.2.

	CMCC
	Support modified FL proposal.
We are also OK with ZTE’s revision.

	Moderator
	@Lenovo: For gNB, to support different transmission hypotheses dynamically, gNB may need multiple CSI reports. What we discuss is that what new measurement/report (beyond Rel-15/16) may be needed. 
@Intel: a FFS is added but I make it more general 

Proposal 10:  For a CSI reporting setting, support one or both 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 whether/when to drop a CSI report out of two CSIs 
· Alt 2: the UE can be expected to report one CSI associated with the best one among multi-TRP and/or single-TRP measurement hypotheses, if configured
· FFS how to determine the best one among two hypotheses by the UE 
· FFS how to report recommended measurement hypothesis associated with that CSI report
· FFS: CSI reporting configuration details 
· FFS: supporting which one or both  mechanisms is to be determined in RAN1 104e


	Lenovo/MotM
	We believe one CSI report would suffice to support the fallback approach, which we believe should be supported in case only multi-TRP CSI feedback is reported. This can be done within the CSI report framework in Proposal 9 (in its current form). We are not sure we understand the FL concern about that. Thereby we suggest the following FFS is added under Alt2 for discussion in RAN1#104e. 
· FFS whether/how the CSI for multi-TRP hypothesis (if reported) can be used to determine an appropriate CSI for single-TRP fallback

Also, we support the additional FFS under Alt1 proposed by Intel, however we slightly prefer Intel’s wording of the FFS.
· FFS omission of CSI associated with NCJT measurement hypothesis 







Appendix (Based on R1-2009529)

Proposal 3
	Company
	Comments

	Nokia/NSB
	Proposal 3-1, second bullet point: free selection can also refer to free selection of SD-FD bases as per Alt3

Fourth bullet point: in case of free selection of ports/port groups/SD-FD bases, we think it’s worth studying the overhead saving, if any, of combining the free port selection indicator with the NZC bitmap

Proposal 3-2: bitmap may not need separate reporting

Proposal 3-3: in Alt 1 we can include Alt 2 of Proposal 2

Proposal 3-1:  Study following Type II PS codebook enhancements for 
· Down-select one from following Alternatives: 
· Alt1:  is a port selection matrix whereas each CSI-RS port is associated with single SD-FD beamforming basis
· Alt2:  is a port-group selection matrix whereas each CSI-RS port is associated with single SD-FD beamforming basis
· Alt3:  is a SD-FD basis selection matrix whereas each CSI-RS port can be associated with one or  SD-FD beamforming bases
· Free port, port-group or SD-FD basis selection up to K1 ports, port-groups or SD-FD bases
· Polarization independent selection
· Layer common selection, up to rank 2 at least, or layer specific selection (free selection indicator and NZC bitmap combined)   


Proposal 3-2: Study following Type II PS codebook enhancements for
· Enhancement onquantization/reporting 
· FFS: whether the NZC bitmap needs separate reporting, in case of free selection, for example for RI=1 for layer common/specific selection or for RI1 for layer specific selection

Proposal 3-3: Study following Type II PS codebook enhancements for :
· Down-select one from following Alternatives
· Alt1:  is a DFT matrix, including the case is network-configured with . 
· Alt2:  is a selection matrix from a given port group or SD-FD bases. 



	vivo
	Regarding proposal 3-1,
Firstly, we need to make a precise presentation of . In our understanding, the UE needs to report the port selection matrix, say  , which can be used to deduce   by the network, where  is the overall matrix containing all possible SD-FD or SD bases.
Secondly, we think the listed alternatives have different interpretation of ,  which needs to clarify.
In addition, it can also be another alternative that   is the matrix of selected SD bases obtained by the reported port selection codebook   and the overall SD basis matrix , whereas each CSI-RS port is associated with single SD beamforming basis. While the FD-bases can be settled in the part of . This structure is more like Rel-16 eTypeII-PS codebook with little change. This is different from the alt1 or alt 3 but not contradictory. No matter CSI-RS ports are precoded by SD-FD bases or SD bases,  can be the corresponding basis selection matrix.
So we propose,
1. Clarify the meaning of ,  of each Alt by using more precise representation.
2. Add Alt4 as follows:
Alt4:  is a SD basis selection matrix used to obtain the exact SD basis matrix    whereas each CSI-RS port can be associated with one SD beamforming basis

Regarding proposal 3-2, 3-3, 3-4, we are OK with the proposals.

	CATT
	Proposal 3-1:
 Layer independent selection shall also be studied.
 
Proposal 3-3: 
A third alternative can be added:
Alt3:  is omitted or  is identity matrix.

Proposal 3-4: 
Since the computation complexity of and feedback overhead can be made irrelevant to PMI subband size for the enhanced codebook, the PMI subband size can be set to any value based on gNB implementation. Therefore, it does not need to discuss the range of R.

	ZTE
	We think more discussion is needed for these details. We should discuss and align our understanding on the proposals in section 2.1 and section 2.2.1 first. Otherwise there is no point to discuss all these details.
For Alt 2, the details to be discussed is much fewer than Alt 1. We should list Alt 2 details before down-selection.


	Intel
	  For proposal 3-1, it is not clear for us if the case where one CSI-RS port corresponds to multiple FD vectors is included in one of the alternatives. We suggest clarifying the term “SD-FD beamforming basis”. 
In our view it is better to focus on W1 matrix structure i.e. one column of W1 can contain only one non-zero value or multiple non-zero values. Also, in our view option where W1 is identity matrix should be considered (i.e. all CSI-RS ports are selected for UE reporting).

For proposal 3-3, term “SD-FD bases” is not clear. Structure of Wf matrix can be used to describe the proposed alternative (for alt 2).

For proposal 3-4, we believe configuration/specification of R is needed in order to avoid filtering of CSI-RS across different PMI subbands at the UE side.


	DOCOMO
	We think it is important to keep both  as selection matrices for having higher flexibility. In particular, we propose following codebook structure: . Here,   captures FD bases while  consists of SD bases considered for CSI-RS beamforming. With this codebook structure, gNB can transmit CSI-RS ports each beamformed with a unique SD-FD pair and as discussed in our contribution R1-2009180 under three different cases, UE can be flexibly configured to ‘jointly’ or ‘separately’ select and report SD and FD bases.   

Note that, if in case each SD is paired with a single FD,   becomes an identity matrix. On the other hand, if each SD is paired with multiple FDs then  becomes a matrix consisting of columns from an identity matrix with each column corresponding to selected FD bases. Here, FD bases selection can be common to all SD bases or specific to each SD basis. All this can be flexibly configured with the proposed codebook structure.   

	Qualcomm
	Similar comment as proposal 2, there are many things unclear, so prefer merge proposal 2 and 3 by listing concrete alternatives and targeting on rank-1.The discussion of rank-2 should be deprioritized in this meeting and it can be easily formulated based on the outcome of rank-1

	Samsung
	We have similar view QCM that we should perhaps focus on Proposal 1 and 2 for this week. We can discuss Proposal 3 next week if we make some progress in Proposal 1 and 2.

	FUTUREWEI
	Support FL’s proposal.

	LG
	We also have similar view with QC. This kind of details can be considered together with discussion on baseline codebook structure in order to list clear alternatives. 

	Fraunhofer
	As mentioned already by others, the proposals are not clear. All alternatives should be clearly listed, and matrix dimensions should be defined.

	Ericsson
	Agree with other companies that agreement on the codebook structure and the interpretation of each codebook component shall be reached before discussing any further details.

	Lenovo/MotM
	Agree with QC, Samsung. Proposal 3 should be discussed after Proposal 1,2 are finalized. Working assumptions can be agreed to use for performance evaluation in this phase

	Sony
	We echo QC and Samsung’s suggestion of discussing this proposal after P2 has been discussed and clarified. There seem to be little use in discussing improvements when a common understanding is not in place. Regarding the bullet “polarization independent selection” of P3-1, we think it should be changed to “polarization independent selection and polarization common selection”, i.e., both options shall be supported. The benefits of polarization independent selection, if any, are unclear at the moment, and need to be weighed against increased feedback burden and UE complexity. We therefore believe that further study is needed.




Proposal 4 
	Company
	Comments

	Nokia/NSB
	Proposal 4: Study the mechanism of conveying one or more SD-FD beamforming bases per CSI-RS port: 
· FDM:  mapping Of  SD-FD bases into single CSI-RS port at frequency domain
· CDM: mapping of SD-FD bases into single CSI-RS port CDM-ed across PRBs within a PMI subband


	vivo
	Considering Alt4 in our comment on the former proposal 3-1, the proposal can be updated to 
Proposal 4: Study the mechanism of conveying one or more SD-FD/SD beamforming bases per CSI-RS port: 
· FDM:  mapping Of  SD-FD/SD bases into single CSI-RS port at frequency domain
FFS detailed mapping mechanism at frequency domain and associated indication/the maximal value

	CATT
	There is an alternative proposal to solve the problem of insufficient CSI-RS ports. That is, more than one CSI-RS resource is configured to provide enough number of CSI-RS ports. The FDM multiplexing of one CSI-RS port within one CSI-RS resources violates the definition of antenna port and requires significant specification change. We would like to make the proposal more general like:
Proposal 4: Study the mechanism of conveying one SD-FD beamforming basis per CSI-RS port or more than one SD-FD beamforming bases per CSI-RS port.


 

	ZTE
	We think this is a critical issue on whether Rel-17 enhancements can achieve gain. 


	Intel
	In our view this issue should be discussed as part of W1/Wf structure. I.e. proposal to have additional FDM of CSI-RS ports can be achieved by proper Wf structure. We can accept proposal from CATT if term “SD-FD beamforming basis” is clarified.

	Qualcomm
	Object, for the following reasons.
1. Obviously, a specific precoding via a SD-FD pair is a port.  We fail to understand how gNB and UE would implement the many-to-one mapping other than treating them as separate ports. Mapping multiple precoding to one port complicates the spec and adds on implementation complexity.
2. The intention and motivation are unclear, reducing ports/pairs overhead or requiring more than 32 SD-FD pairs? Please note that current spec already supports 32 pairs with 0.5 density per pair (considering 1-to-1 pair-to-port mapping). 
a. For overhead, further decreasing per pair density to 0.25 will cause worse CSI-RS estimation (UE cannot combine CE with different pairs though they associate to same port), worse bases resolution (cannot purse larger value of R), etc. No results show the performance of 0.25 density so far given the summary in section 2.1.
b. For number of SD-FD pairs, companies already show good results of 32 ports with 32 pairs. Going beyond 32 pairs is equivalent to going beyond 32 ports. It will open a larger debate because it is never discussed before. We should also study the performance of other codebooks, especially Type II and eType II regular, under the case with more than 32 ports.

	Samsung
	It is unclear why we need to support more than 32 beamformed CSI-RS ports. In our view, there is no use case or performance benefits.

	OPPO
	Okay with the proposal. 

However, we do not support the motivation of supporting more than 32 ports for measurement and reporting. Instead, we prefer to keep number of ports as small as possible. In our view a CSI-RS port may be arbitrary frequency selective precoded since it’s transparent. Maybe the issue is how to count SD-FD beamforming or SD-FD pair for a frequency selective precoding.

	FUTUREWEI
	We are in general ok with FL’s proposal.

	LG
	Not support. As commented by QC, it seems that the intention and motivation are not clear, but large spec impact is expected. So, the intention and motivation should be clarified first. 

	Nokia/NSB
	In our understanding, the intention is to reduce the CSI-RS port occupancy per UE rather than support more than 32 ports. For example, in case of 32 SD-FD pairs per UE, instead of configuring 32 ports for a single UE, the network may only need 8 ports per UE and 4 UEs can be configured simultaneously with, for example, 4 8-port resources, instead of 4 32-port resources.

If there are  PRBs per subband and , one can accommodate as many SD-FD pairs per port as the number of PRBs per PMI subband, i.e., , either by FDM or CDM. In practice, in this case, .
The advantage of CDM is better estimation at the UE as each pair is spread across all PRBs instead of only 1 in 4.

UE complexity is reduced because a UE has to measure an 8-port resource instead of a 32-port resource.

Because the precoding of CSI-RS ports is transparent to the UE, we don’t think a port is defined by a specific set of precoding weights. A CSI-RS port is simply defined by its association to a specific CSI-RS sequence within a resource. The proposal has limited spec impact because it does not change the definition of port, rather it maps these new quantities, SD-FD pairs, to the existing ports.



	Lenovo/MotM
	We agree with Intel. The validity of this proposal will be better assessed after the details of Proposal 2 and Proposal 3 are finalized. For instance, Proposal 4 seems to be a special case of  Proposal 3.1 (Alt3)

	CATT
	Saving CSI-RS overhead or reducing CSI-RS port occupancy can be easily achieved by introducing low density CSI-RS instead of FDM multiplexing, but with much lower speficiation impact.


	Qualcomm
	Re Nokia:
1. In your case of 32 pairs for a UE using 8 ports, isn’t it equivalent to 32 pairs for a UE using 32 ports with density 0.25? If your main objective is to reduce density rather than requiring larger than 32 pairs, please note that current spec already support density 0.5, we should study whether support density 0.25. This will give the smallest (even zero) spec impact. I would imagine the performance difference of density 0.25 and 0.5 would be very marginal coz CSI-RS channel estimation will decrease and R will be decrease.
1. Regarding port definition, if a port can be associated with multiple precoders, it will increase UE complexity dramatically because UE has to perform measurement of different precoders separately (i.e., similar to measure multiple ports). Please note that current spec does not say any precoding information for CSI-RS ports, network should ensure the channel after precoding is relatively flat (or the larger property should follow the source RS indicated by the QCL) so that UE can implement optimized channel estimation algorithm to maximize the processing gain. 
1. Regarding spec impact, as I mentioned, we don’t even need this study/proposal coz current spec already support 32 pairs with 32 ports using density 0.5. Defining such mapping will complicate PMI description, CQI calculation assumption (coz we need to map precoding matrix W to CSI-RS ports in section 5.2.2.5 of 215 spec), and also capability reporting.

	Nokia/NSB
	Re Qualcomm:
1. Reducing the port density by a factor  is not equivalent to mapping  SD-FD pairs to a port, for a number of reasons. For example, with CDM, one can map an SD-FD pair to each PRB, whereas by reducing the port density the map is one every  PRBs. With FDM/CDM one can map  pairs to a port with density 3, for example, which corresponds to a density of 3/, which cannot be achieved by reducing the density alone. Another difference is in the configuration: introducing new lower densities requires new dedicated CSI-RS resource configurations which are only useful for this specific codebook, whereas with the SD-FD pair mapping the same resources can be configured for different types of reports and the mapping can be controlled by the existing parameter R (i.e., ). Besides, all resources in a set share the same resource configuration, including number of ports and density, so by changing the density, if different UEs are configured with different resources in a set, they have to be configured with the same number of SD-FD pairs; instead, with FDM/CDM mapping one can configured different number of SD-FD pairs with the same number of ports.
2. UE complexity of mapping, say 32 SD-FD pairs to 8 ports cannot be larger than configuring 32 ports, so by limiting the number of SD-FD pairs per UE to 32, one limits UE complexity. In terms of memory occupation, monitoring an 8-port resource cannot occupy more memory than monitoring a 32-port resource. On the other hand, the CSI-RS overhead saving is considerable
3. There don’t seem to be any complications: the precoding matrix  obtained from the PMI is a  matrix for each layer, where  is the number of SD-FD pairs. The actual  precoder used by the gNB for data and DMRS does not need to be specified but is simply the cascade of  where  is the  matrix of SD-FD pairs used to precoder the CSI-RS ports.

	Sony
	Similar to other companies above, we do not understand the need for more than 32 SD-FD beamforming bases. If the channel is compressible in the SD-FD bases, why should so many components be needed? Even if such need arises, in our view the spec already supports this case by lowering the density of the CSI-RS.





Proposal 8

	Company
	Comments

	vivo
	We cannot support the proposal before we have agreement on Proposal 7.

	CATT
	This issue is highly related to proposal 7, and it can be discussed with lower priority.

	ZTE
	Support

	MediaTek
	Agree with vivo and CATT

	Apple 
	Proposal 7 should be discussed before we discuss proposal 8

	Intel
	Support the proposal with clarification that it is applicable for eMBB.

	DOCOMO
	We do not support this proposal since this proposal depends on the outcome of Proposal 7

	Qualcomm
	We prefer Alt1 as it ensures that total number of ports does not exceed 32. In addition, Alt 2 requires changing CRI definition as well as change to the Rel. 15/16 principle that there is a one-to-one mapping between CMR and CSI-IM. Also, we have the following additional comments:
· It would be also good to clarify that both Alt1 and Alt2 belong to Category 1 (within one report setting CSI-ReportConfig)
· For Alt 2, the description of “configured with two identical TCI states” is a very specific way to determine association. Our understanding is that, each resource in Alt2 has one TCI state only (unlike Alt1) and the “two identical TCI states” is only for the purpose of associating / pairing these two resources. If that is the correct understanding of Alt2, a more general description may be more suitable at this stage. 
· Irrespective of which Alt is selected at the end, we think the number of CSI-RS ports per TRP should be the same, which is the most practical scenario, and can alleviate the UE complexity concerns.

	Samsung
	We think Proposal 8 should be a second-level detail for Proposal 7. In that sense, Alt1 seems not aligned with Proposal 7.
In Alt2, we can’t understand why the TCI states for CMR need to be the same. It seems that TCI states would be different to indicate different TRPs.
On CSI-IM, it needs further discussion before deciding the number of CSI-IM. In current specification, CSI-IM is one-to-one mapped with CMR.

	OPPO
	Agree on Proposal 7 first.

	FUTUREWEI
	First, we would like to get clarification on the number “Two” (e.g., two TCI states and two CMR resources) in the proposal as the number of TRPs supported in multi-TRP has not been decided.  

Second, in Alt. 2, the term “two identical TCI states” is unclear.  Does it mean the two TCI states have to be the same? Or does it mean that each of the two CMR resources is configured with the same pair of TCI states.  Our understanding is that it means the latter.

Finally, this issue is also dependent on the outcome of Proposal 7.  If the outcome of Proposal 7 is that one resource is for one TRP, it is unclear why one resource has two TCI states.

	CMCC
	We cannot support this proposal without the agreement on Proposal 7.

	Nokia/NSB
	We understand Alt 1 includes the possibility of associating different port groups within the same resource to different TRP/TCI states.

Alt 2 seems to duplicate the CRI codepoint indicating the M-TRP transmission hypothesis because a UE may indicate either of the two resources for reporting the same quantities.

	Fraunhofer
	Proposal 7 and proposal 8 are not aligned. So, we prefer to discuss this later. 

	Ericsson
	We prefer to discuss and agree on Proposal 7 first.  This proposal can be discussed after we agree Proposal 7.

	Lenovo/MotM
	Discuss after Proposal 7 is finalized




Proposal 9
	Company
	Comments

	vivo
	First of all, we need to agree on the supported transmission schemes for CSI enhancments. Only after that can we decide the CSI reporting quantities of each individual transmission scheme.
So we think it is too early to have this proposal.

	CATT
	For joint CSI feedback, CQI report per codeword is preferred. In addition, CQI per TRP based on single-TRP transmission hypothesis can also be reported.
Furthermore, report quantities for non-PMI based port selection should also be considered. 

	ZTE
	Support

	MediaTek
	Support the proposal in principle. The number of reported CQI (1 or 2) should be configurable per CSI report in order to support multi-DCI based multi-TRP.

	Apple
	We are not fully sure the meaning of “single Multi-TRP/panel transmission hypothesis”
Whether we need to report 1 CRI or 2 CRI depends on the outcome of proposal 7
Whether we need to report 1 CQI or 2 CQI depends on whether it is for MDCI MTRP or SDCI MTRP

	Intel
	Support the proposal with clarification that it is applicable for eMBB.

	DOCOMO
	We should decide the transmission schemes for CSI enhancement first before we agree on CSI reporting quantities, since the number of CQIs/RIs may be different for different transmission schemes.
In addition, no matter to associate a CMR resource or a CMR resource set with a TRP, there should be two CRIs to be reported instead of one CRI.

	Qualcomm
	Support the proposal in principle. For codebook, Type I codebook should be the main focus as the use case with MU-MIMO + mTRP is not clear (and is not supported in the Rel. 16 mTRP design).

	Samsung
	Suggest to specify the possible options on the number of CQIs. In that sense, prefer the following modification:

Proposal 9:  For a CSI associated with single Multi-TRP/panel transmission hypothesis, the UE is expected to report 
· One CRI, two RIs, two PMI, two LIs and [one/two/more] CQI
· FFS: restrictions among reported CSI quantities, e.g. among ranks and PMIs
FFS: restrictions of applicable codebook

	OPPO
	Considering both flexibility and feedback overhead, we can try to have a higher level agreement as below:

Proposal 10:  For a CSI reporting configuration in Rel-17, the UE can be expected to report at least one of the following two CSIs:
· One CSI associated with the best single-TRP hypothesis following legacy reporting mechanism and 
One CSI associated with the best multi-TRP hypothesis following Rel-17 reporting mechanism 

	FUTUREWEI
	We in general support FL’s proposal.  We also support rank restriction.

	CMCC
	We cannot support this proposal. In different transmission schemes, the CSI reporting quantities might be different. For multi-DCI based multi-TRP transmission, two CRI, two CQI, two RI and/or two PMI could be reported within single CSI report. For single-DCI based multi-TRP transmission, two CRI, one CQI, two RI and/or two PMI could be reported. Furthermore, for URLLC scheme 2a/2b/3/4, two CRI, one CQI, one RI and/or two PMI is needed to report.

	Nokia/NSB
	Support the proposal in principle. The wording can be slightly adjusted to clarify that the proposal is for CSI reporting of an M-TRP transmission hypothesis.

In our understanding, this proposal is for S-DCI M-TRP where these is a single codeword mapped to 2,3 or 4 layers, hence the restriction on the reported RIs and the need for a single CQI. Are multiple CQIs intended for rank extension above 4 layers?

On the second FFS, if the resource set has multiple resources, only Type I can be configured with current specifications. Is the restriction between Type I SP and Type I MP only?

Proposal 9:  For a CSI reporting of a associated with single Multi-TRP/panel transmission hypothesis, the UE is expected to report 
· One CRI, two Ris, two PMI, two Lis and [one] CQI
· FFS: restrictions among reported CSI quantities, e.g. among ranks and PMIs
· FFS: restrictions of applicable codebook 



	Ericsson
	We agree with Docomo and CMCC that two CRIs need to be reported for different multi-TRP schemes.  The number of RIs will depend on the multi-TRP transmission schemes.  So we think it is better to first agree on the different transmission schemes to be supported in Rel-17 and then revisit the details in this proposal.

	Lenovo/MotM
	Although multiple companies seem to support the UE feeding back two sets of {RI, PMI, LI} in one CSI report, it is not clear what these indicators represent. Considering the PMI, several interpretations of Proposal 9 can be as follows:
1. PMI1 and PMI2 correspond to codebooks for TRP1 and TRP2 under NCJT transmission. If so, then this proposal does not fit for m-DCI based CSI enhancements. In addition, two CSI reports would be needed to feed back CSI for one single-TRP and one NCJT hypotheses.
2. PMI1 is used for NCJT hypothesis codebook, where the first set of layers correspond to TRP1 and the second set of layers correspond to TRP2, whereas PMI2 is used for single-TRP hypothesis codebook corresponding to either TRP1 or TRP2. This enables reporting CSI for two hypotheses with one report, yet leading to more spec impact and also would not work for m-DCI based CSI
3. PMI1 and PMI2 correspond to codebooks for the same TRP, where PMI1 corresponds to codebook for the TRP under NCJT transmission, whereas PMI2 corresponds to codebook for the TRP under single-TRP transmission. This would fit both s-DCI and m-DCI based CSI feedback, however it requires additional specification to jointly design PMIs for one hypothesis across two CSI reports.
We believe it is crucial that companies supporting Proposal 9 clarify which of these interpretations are they supporting, and how they can overcome the corresponding limitation



Proposal 10
	Company
	Comments

	vivo
	In non-ideal backhaul scenario, with the independent scheduling assumption, reporting both best single-TRP CSI hypothesis and multi-TRP CSI hypothesis doesn’t make sense. As shown in the table in our paper, simulation results show that UE selecting and reporting the best CSI hypotheses can bring significant gains for non-ideal backhaul.
We would like to update the proposal as:

Proposal 10:  For a CSI reporting configuration in Rel-17, the UE can be expected to report 
· Alt 1: One CSI associated with the best single-TRP hypothesis following legacy reporting mechanism and one CSI associated with the best multi-TRP hypothesis following Rel-17 reporting mechanism
· Alt 2: One CSI associated with the best one among multi-TRP and single-TRP hypothesis following Rel-17 reporting mechanism

	CATT
	Support this proposal in principle. However, whether the hypothesis for CSI calculation is indicated/configured by network or recommended by UE should be clarified.  

	ZTE
	We prefer to further discuss this issue as the outcome from other proposals may impact it. 
In addition, single-TRP CSI feedback can be configured in another CSI reporting.

	MediaTek
	We prefer to have more flexibility, i.e., it should be configurable to report both hypotheses or either one of hypotheses. Signaling overhead can be reduced if only one hypothesis is reported.

	Apple
	We are fine for UE to report which scheme UE prefer, i.e. STRP or MTRP. 
However, we are not sure how to use legacy to achieve the first sub-bullet
One CSI associated with the best single-TRP hypothesis following legacy reporting mechanism
In the sense that how can UE uses legacy mechanism to indicate which TRP UE prefers? By implicit CRI to TRP mapping?

	Intel
	Support the proposal with clarification that it is applicable for eMBB. Also, in our understanding CSI associated with the best single-TRP hypothesis following legacy reporting mechanism includes CSI for dynamic point blanking.

	DOCOMO
	Support this proposal in general. But whether UE can report two CSIs of both hypotheses or one CSI of multi-TRP only should be configurable.

	Qualcomm
	Support the proposal. We think mTRP versus single-TRP decision should be made by the network as a fair comparison at the UE side is hard to be ensured (depends on availability of resources at both TRPs, scheduling parameters, reuse versus SINR trade-off, etc.)

	Samsung
	We suggest to report one CSI among the single-/multi-TRP hypotheses. When UE experiences high mutual interference or no throughput gain by NC-JT, reporting NC-JT CSI in that case is unnecessary. 
We prefer to modify proposal 10 as follows, and down-select between and/or.

Proposal 10:  For a CSI reporting configuration in Rel-17, the UE can be expected to report 
· One CSI associated with the best single-TRP hypothesis following legacy reporting mechanism [and/or] 
· One CSI associated with the best multi-TRP hypothesis following Rel-17 reporting mechanism

	FUTUREWEI
	We are fine with Vivo’s modified proposal.

	LG
	We have similar view with Samsung. Reporting of one CSI among single-/multi-TRP hypotheses should also be considered. 

	CMCC
	Support this proposal in general. But whether UE can select the best CSI hypothesis and report the corresponding CSI could also be considered.

	Nokia/NSB
	We are fine with Samsung’s modified proposal.

	Fraunhofer
	We are fine with vivo’s revision.

	Ericsson
	We agree with DCM and MediaTek.  We suggest to add the following note:

Note:  It is up to network configuration whether the UE reports single-TRP hypothesis, multi-TRP hypothesis, or both hypotheses.

	Lenovo/MotM
	As we have shown in our contribution, it is possible that two CSI reports each corresponding to single-TRP are used for CSI framework under NCJT, with careful assignment of CSI-RS for CMR and IMR in each report configuration. This can help provide CSI feedback for at least three channel hypotheses with two CSI reports, which can give the network some flexibility in hypothesis selection, especially under high network traffic. Given that, we suggest a slight wording change to the proposal, as follows 
Proposal 10:  For a CSI reporting configuration in Rel-17, the UE can be expected to report 
· At least One CSI associated with the best single-TRP hypothesis following legacy reporting mechanism and/or 
One CSI associated with the best multi-TRP hypothesis following Rel-17 reporting mechanism


















