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Introduction
In RAN1#103-e meeting, following agreements were made regarding CSI enhancements for Type II port selection codebook and multi-TRP operation [1]. 
	Agreement
Study following alternatives, and select one or a combination of multiple alternatives for Rel-17 in RAN1#104-e:
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Agreement
Rel-17 CSI measurement and reporting for DL multi-TRP and/or multi-panel transmission shall be enhanced to support and enable more dynamic channel/interference hypotheses for NCJT.

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

Working Assumption
For CSI measurement for multi-DCI based NCJT, down select one of following two options:
· Option 1 (Explicit): CMRs corresponding to different TRPs can be associated with different reporting settings respectively, with the same configurations between two settings except for PUCCH/PUSCH resources and CMR/IMR resources setting(s)
· Option 2 (Implicit): a single CSI reporting setting associated with each TRP where a NZP CSI-RS is configured for interference measurement from another TRP
· FFS:  how interference from CMR in the linked reporting settings in option 1 or from the NZP CSI-RS configured as IMR in option 2 is considered in CQI calculation
Following restrictions apply to both options:
· At least ‘typeI-SinglePanel’ codebook is supported 
· FFS: Other codebook types 
· Only ‘periodic’ and ‘semiPersistentOnPUCCH’ cases are supported;
· The number of ports of two CMRs associated to two reporting settings for NCJT CSI measurement are the same;
· The support of larger than 32 ports across two CMRs is optional for a UE supporting Rel. 17 mTRP CSI

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

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

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


In this contribution, we discuss possible CSI enhancements for both DL multi-TRP/panel transmission and Type II port selection codebook focusing on aforementioned agreements from RAN1#103-e meeting. 
CSI enhancement for MTRP 
To support joint transmission from multiple TRPs/panels, suitable Tx-Rx beam pair from each TRP/panel should be selected for high frequency. If beam management and CSI measurement is performed for each TRP/panel individually, the selected beams and precoders from each TRP/panel do not consider inter-TRP/panel/beam interference, which may limit the performance of NCJT. In our companion contribution [2], SLS performance of different transmission schemes with different CSI feedback methods were provided, and it can be observed that multiple CSI feedback considering inter-beam/inter-panel/inter-TRP interference measurement can increase both cell average and cell edge performance in multi-panel/TRP scenario. For Rel.17 MTRP CSI framework enhancements, it is also important to have a unified framework for both beam measurement/reporting and CSI measurement/reporting, as well as for different transmission schemes. In this section, we mainly discuss the enhancement on CSI measurement and reporting in multiple TRPs/panels with consideration of unified signaling framework.
MTRP CSI framework enhancements (Category 1 vs. Category 2)
In RAN1#102-e meeting, two categories for CSI enhancement were proposed for further study. In RAN1#103-e meeting, some detailed design was agreed for Category 1, and a working assumption was made for Category 2.
[bookmark: _Hlk53650668]In Category 1, only one CSI reporting setting CSI-ReportConfig is needed. Separate CMRs for two TRPs can be configured in a CSI-ReportConfig, as shown in Fig. 2-1. To support NCJT transmission, multiple CSIs from multiple TRPs should be reported in a single CSI report. For those multiple CSIs in a CSI report, inter-TRP/panel interference can be considered, e.g., by assuming the CMR of one TRP as the NZP-IMR of the other TRP. UE can select two CSIs from two TRPs/panels with good channel quality as well as less inter-TRP/panel interference as a CSI pair for reporting. Category 1 can be applied to both single-DCI based, and multi-DCI based MTRP transmission.
In Category 2, two CSI reporting settings CSI-ReportConfig are required, as shown in Fig. 2-2. By explicit/implicit association configuration of a CSI-ReportConfig for one TRP with the other CSI-ReportConfig for the other TRP, UE can also report the CSI for one TRP by considering the CMR of the reported CSI for the other TRP as NZP-IMR and vice versa. 
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Figure 2-1: An example of Category 1
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Figure 2-2: An example of Category 2

[bookmark: _Hlk61012884]Compared to Category 1, Category 2 requires two CSI-ReportConfig with duplicated configuration signaling while without introducing any new functionalities, i.e., Category 2 defines a duplicated function with much larger spec. impact than Category 1. Hence, Category 1 would be sufficient for MTRP CSI enhancement, which is also supported by majority of the companies. However, in RAN1#103-e meeting, for sake of progress, Category 2 was accepted to be working assumption as a compromise by many companies. And a note was agreed that RAN1 shall strive to finalize NCJT CSI enhancement with single reporting setting firstly. In our understanding, it means Category 1 has higher priority and the discussion on Category 2 should not impact the function and progress of Category 1. In last meeting, some companies said that since Category 2 can be applied to multi-DCI based MTRP, Category 1 should be applied to single-DCI based MTRP only. We think such discussion does not follow the agreed principle in the note. In addition, Category 2 only supports ‘periodic’ and ‘semiPersistentOnPUCCH’, which is not sufficient for multi-DCI based MTRP. We believe Category 1 should be applied to both single-DCI and multi-DCI based MTRP transmission. Category 2 just provides duplicated function. We should not rush into confirming the working assumption for Category 2. We should be careful on this issue.


Proposal 1:
· The premise to confirm the working assumption is making sure that the discussion on Category 2 will not impact the function and progress of Category 1.
Detailed design for Category 1
In RAN1#103-e meeting, whether Category 1 can be applied to single-DCI based and/or multi-DCI based MTRP transmission was discussed but not decided. As discussed above, we believe Category 1 can be applied to different transmission schemes, including DL MTRP transmission scheme in HST-SFN. The discussion on Category 2 should not impact the function of Category 1. Hence, the bracket in previous agreement ‘[at least for multi-DCI based and single-DCI based schemes (scheme 1a)]’ should be removed.

Proposal 2:
· Support Category 1 for both single-DCI and multi-DCI based MTRP transmission schemes, including DL MTRP transmission scheme in HST-SFN.
· 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.

In RAN1#103-e meeting, the reported CSI quantities by single CSI reporting setting were discussed. It was agreed to support two RIs, two PMIs, two LIs and one CQI per codeword, for single-DCI based NCJT when the maximal transmission layer is less than or equal to 4. When the maximal transmission layer is larger than 4, there should be two TBs, hence, two CQIs should be reported. For multi-DCI based NCJT, there are always two TBs for transmission, so that two CQIs should be reported. In NR Rel-17, new MTRP transmission scheme in HST-SFN is introduced, which can be also considered for CSI enhancement. For HST-SFN, one RI, two PMIs, one LI and one CQI can be reported by UE. For different transmission schemes, UE can be configured to report different reporting quantities.

Proposal 3:
· For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, the UE is expected to report following reporting quantities for different transmission schemes based on indication signaling,
· two RIs, two PMIs, two LIs and one CQI per codeword, for single-DCI based NCJT
· two RIs, two PMIs, two LIs and two CQIs, for multi-DCI based NCJT
· one RI, two PMIs, one LI and one CQI, for HST-SFN

For Category 1, the measurement resource configuration and association mechanism should be also discussed. It has been agreed that NZP CSI-RS resources for channel measurement are associated to different TRPs/TCI states at resource level. For interference measurement resource configuration, the existing interference measurement based on CSI-IM given by csi-IM-ResourcesForInterference and based on NZP CSI-RS given by nzp-CSI-RS-ResourcesForInterference can be baseline. The CSI-IM and NZP-CSI-RS for interference measurement can be shared by two TRPs. Hence, there can be one-to-one mapping between CMR associated with each TRP and CSI-IM/NZP-CSI-RS for interference measurement. And all CSI resource settings linked to a CSI report setting should have the same time domain behavior. For example, as shown in Figure 2-3, CSI-RS resources from two TRPs are configured for channel measurement. CSI-RS resource#1 and #5 are a beam pair for MTRP transmission and CSI-IM/NZP-IM is shared by the beam pair. Similarly, following beam pairs (#2, #6), (#3, #7), (#4, #8) should be measured by UE with corresponding CSI-IM/NZP-IM configuration. Since UE can measure those beam pairs with one-to-one CMR mapping from two TRPs, and select a good beam pair to report the CSI, UE does not need to report two CRIs. UE just needs to report one CRI, which implies a beam pair based on the order of CMR, i.e., the reported CRI k (k ≥ 0) can correspond to the configured (k+1)-th entry and (k+1+N)-th entry of associated NZP CSI-RS resources in CMR for channel measurement, where N is the number of configured NZP-CSI-RS resources for channel measurement per TRP.
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Figure 2-3: Measurement resource configuration and association

Proposal 4:
· For NCJT CSI measurement configured with single reporting setting, 
· Existing interference measurement based on CSI-IM given by csi-IM-ResourcesForInterference and based on NZP CSI-RS given by nzp-CSI-RS-ResourcesForInterference is baseline. 
· The CSI-IM and NZP-CSI-RS for interference measurement are shared by two TRPs, with one-to-one mapping between CMR associated with each TRP and CSI-IM/NZP-CSI-RS for interference measurement.

Proposal 5:
· For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, the UE is expected to report one CRI, which corresponds to two NZP CSI-RS resources.

On top of the measurement resource configuration and association above, inter-TRP interference can be considered in CSI measurement if configured by RRC signaling. If configured, the CMR associated with the 2nd TRP can be assumed for interference measurement for CMR associated with the 1st TRP, and vice versa. The interference measurement based on CMR is applied to periodic, semi-persistence, and aperiodic CSI reporting.

Proposal 6:
· For NCJT CSI measurement configured with single reporting setting, 
· If configured, CMR associated with the 2nd TRP is assumed for interference measurement for CMR associated with the 1st TRP, and vice versa.
To facilitate dynamic scheduling between single-TRP transmission and multi-TRP transmission, multiple types of CSIs need to be reported, including fallback CSI for single-TRP transmission and CSI pair for MTRP transmission. In RAN#103-e meeting, 3 alternatives were proposed.
· 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 NCJT and/or single-TRP measurement hypotheses, if configured.
· Alt 3: the UE can be expected to report two CSIs associated with the two best single-TRP measurement hypotheses associated with CMRs from two TRPs and one CSI associated with the best NCJT measurement hypothesis, if configured.
First, Alt.1 should be supported. With CSI for single-TRP and CSI for NCJT transmission, gNB can perform dynamic scheduling and provide the optimal scheduling decision. Alt.3 can further improve the gNB scheduling flexibility, at the cost of CSI reporting overhead. However, the performance gain is not clear, which can be further studied. For Alt.2, if UE is configured to report one CSI associated with the best one among NCJT and single-TRP measurement hypotheses, different CSI payload may be reported, which increases the decoding complexity at gNB. In addition, UE’s decision on transmission scheme may be not optimal. For example, if a UE selects MTRP CSI for reporting, while the 2nd TRP has high traffic load for the time period, it is not good for the gNB to schedule MTRP transmission for the UE. Instead, from NW perspective, it is better to schedule single-TRP transmission for the UE. Hence, UE’s decision on transmission scheme is not preferred. 
Proposal 7:
· At least support 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.
· Do not support Alt.2.
· Alt.3 can be further studied.
Type II port selection codebook enhancement
In WID for MIMO enhancements in NR Rel-17, it was proposed to study enhancements on Type II port selection (PS) codebook by considering information related to angle(s) and delay(s) estimated at the gNB based on sounding reference signal (SRS) transmission [3]. Further, in RAN1#103-e meeting, set of alternatives regarding Rel. 17 Type II PS codebook structure were agreed [1]. In this section, we discuss in detail, possible Type II PS codebook enhancements complying with aforementioned agreements.
Overview of Rel-16 Type II PS codebook
Type II PS codebook does not require UE to derive spatial domain (SD) beams considering 2D-DFT basis as in regular Type II codebook. Instead, gNB transmits beamformed CSI-RS ports considering set of SD beams. Out of those beamformed CSI-RS ports, UE has to identify  (per polarization) best CSI-RS ports (associated with different beams) and report their indices as part of precoding matrix indicator (PMI). Let us look at sub-band (SB)-wise precoder generation for layer  considering Rel. 16 Type II PS codebook structure. In particular, this can be given as,   

where  captures precoding vectors for  SBs in -th layer.  in (1) is a block diagonal matrix where each matrix block consisting of columns from an  identity matrix. Further,  () in (1) captures M DFT basis vectors for frequency domain (FD) compression. These M DFT basis vectors are explicitly reported as part of the PMI. () is a matrix capturing non-zero linear combination (LC) coefficients. Note here that, SD beams for beamforming CSI-RS ports are selected transparent to the UE. These SD beams can be determined, for example, considering UL sounding reference signals (SRS) transmission. It is worth remarking here that, due to the FDD transmission along with antenna arrays, the UL dominant sub-space determined based on UL spatial covariance is not the same as that of DL. However, port selection in the DL allows UE to approximately select ports covering the DL dominant sub-space of the DL spatial covariance (detailed discussion is provided in section 3.3). 
Observation 1:
· Due to the FDD transmission using antenna arrays, the UL dominant sub-space determined based on the UL spatial covariance, is not the same as that of DL. However, port selection in the DL allows UE to approximately select SD beams which can cover the DL dominant sub-space of the DL spatial covariance. 
Next, let us look at a general codebook structure for Type II PS codebook considering angle(s) and delay(s) reciprocity. 
Type II PS codebook considering beamformed CSI-RS transmission in angle and delay 
As defined in MIMO WID [3], further enhancements on Type II PS codebook needs to consider angle and delay reciprocity. Hence, a general structure for Type II PS codebook specifically considering angle(s) and delay(s) reciprocity can be formulated and given as for -th layer, 



where,  in (2) is now a selection matrix consisting of columns from an  identity matrix. 

It is worth remarking here that, the gNB now transmits  beamformed SD-FD pairs. However, based on the way UE is configured to select and report PMI associated with SD and FD bases (whether ‘joint’ or ‘separate’ selection of SD and FD bases), the general codebook structure defined in (2) can be flexibly used for DL precoder generation.   

Next, we discuss in detail three different cases where UE can be configured to report selected SD and FD bases and how (2) can be flexibly utilized for generating DL precoders for each of those cases.    

Case 1: Each SD beam is paired with a single FD basis; 
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Figure 3-1: Each SD beam  is paired with a single FD basis . Here, 




In case 1, each SD beam is paired with a single FD basis. This is succinctly captured in the example provided in Fig. 3-1. In that,  SD beams are paired uniquely with  FD bases. Note that, since  and , SD-FD selection is not allowed in this case.  Hence, this case is the same as the proposed Alt0 in the agreement from RAN1#103-e meeting [1].

As a result, diagonal blocks of  (2) are  identity matrices.  in (2) also becomes a block diagonal matrix with each block consisting of an  identity matrices. This can be given as,

                              

where,  is an  identity matrix.   
gNB: Transmits  beamformed SD-FD pairs. An example of SD-FD bases pairing for CSI-RS beamforming is given in Fig. 3-1 and can be given as, 
UE: Reports  LC coefficients corresponding to the diagonal elements of the matrix  

Case 2: Each SD beam is paired with a single FD basis;  and 

Compared to case 1, in case 2, UE can select SD-FD pairs out of  beamformed SD-FD pairs (per polarization) since . In particular, this case represents the ‘joint’ selection of SD and FD bases. Moreover, the idea is the same as the proposed Alt1/Alt2 (in terms of codebook structure) in the agreement from RAN1#103-e meeting [1].
   
Note that, the diagonal blocks of  in (2) are  matrices with each matrix block consisting of columns (corresponding to selected SD-FD pairs) from an  identity matrix. Further, based on ,  in (2) can be determined since each SD beam is paired with a single FD basis. Hence, reporting only  or  is sufficient here.  is also a block diagonal matrix with each matrix block consisting of columns. Further,  in (2) is a  diagonal matrix for case 2.

gNB: Transmits  CSI-RS ports each beamformed with a unique SD-FD pair. An example of SD-FD bases pairing can be given as, 

UE: 
· Identifies, based on some criteria,  ports out of  and reports to gNB as part of PMI. These ports correspond to columns of . As discussed,  can be determined directly using reported    
· Further, reports,  LC coefficients which are the diagonal elements of the matrix  

Case 3: Each SD beam is paired with multiple FD bases; 
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Figure 3-2: Each SD beam  is paired with all FD bases . Here, 




As captured in Fig. 3-2, in this case, each SD beam is paired with all FD bases. Hence, total number of beamformed SD-FD pairs are . Note that, compared to cases 1 and 2, in case 3, UE has the freedom to ‘separately’ select SD beams and  FD bases, for each polarization.
Note that, for this case, the diagonal blocks of  in (2) are  matrices where each matrix block consisting of columns (corresponding to selected ports) from an  identity matrix. There are two approaches to select  FD bases corresponding to each SD beam. They are,
· Beam common: same set of  FD bases are selected for all SD beams
· Beam specific:  FD bases are SD beam specific 
For beam common FD bases selection, in (2) is  matrix where columns (corresponding to selected FD bases) are from  identity matrix. Further,  in (2) is a  matrix consisting of  LC coefficients.
For beam specific FD bases selection, in (2) is a  matrix where columns (corresponding to selected FD bases) are from  identity matrix. In particular,  can be succinctly represented as,        
 									
where,  is matrix with columns from  identity matrix and captures selected  FD bases for -th SD beam. Further,  in (2) is a  block-diagonal matrix which can be represented as,
                                    

where,  is a row vector with LC coefficients of -th SD beam. An example of aforementioned two FD bases selection approaches are captured in Fig. 3-3 pertaining to the example in Fig. 3-2.
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Figure 3-3: For each SD beam , FD bases out of { are selected. Here, (a) beam common, (b) beam specific, FD bases selection   





gNB: Transmits  CSI-RS ports where each SD beam is paired with all  FD bases for beamformed CSI-RS. An example of SD-FD bases pairing for CSI-RS beamforming can be given as,  where  and . 

UE:    
· Identifies, based on some criteria,  ports out of  SD beams (per polarization) and reports to gNB as part of PMI. These ports correspond to columns of  
· For beam common FD bases selection: identifies, based on some criteria,  ports out of  FD bases which are common for all selected SD beams and reports to gNB as part of PMI. These ports correspond to columns of 
· For beam specific FD bases selection: identifies, based on some criteria,  ports out of  FD bases for each SD beam separately and reports to gNB as part of PMI. Selected ports for -th SD beam corresponds to the  columns in  of (3). Within  all  are collected 
· Further, reports  LC coefficients of the matrix  

Based on these discussions, we make the following proposal regarding Type II PS codebook structure.

Proposal 8:
· Consider following Type II PS codebook structure for NR Rel-17:  
   
where both  and are selection matrices. As discussed above, proposed Alt0 and Alt1/2 codebook structures are special cases of this codebook structure.

Next, we look at how to select SD and FD bases for CSI-RS beamforming in the DL considering angles and delays estimated in the UL.
Determining SD and FD bases for CSI-RS beamforming
In the previous section, we discussed a possible structure for Type II PS codebook when CSI-RS is beamformed both in angle and delay domains. In this section, we discuss how to determine SD and FD bases for CSI-RS beamforming considering estimated angles and delays in the UL.  

3.3.1 Determination of SD bases for CSI-RS beamforming

Let us first consider SD beam determination for CSI-RS beamforming. Note that, since our focus is on FDD systems and the angles are estimated in the UL using antenna arrays, the effective antenna-spacing is different in two bands (due to same physical spacing but different wavelengths). As a result, when angles are sampled through the phased array, set of angles sampled in UL are different than in DL. However, as succinctly discussed in [4], if beamforming is done in the DL considering dominant signal sub-space of the UL, the UL-DL frequency mismatch results in an attenuation factor.  

For understanding this further, let us consider an example as shown in Fig. 3-4. In that, black dots represent different multi-path components (MPCs) of the user channel, each associated with a different angle and a delay. Note that, we can safely assume here that the reciprocity of angles and delays associated with each MPC in the propagation channel is independent of the frequency. Now, assuming that the UL spatial covariance,  is available, as shown in Fig. 3-4, there are 3 eigenmodes,  within the dominant UL sub-space. Further, as captured, the dominant UL sub-space covers most of the MPCs. 
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Figure 3-4: Dominant UL sub-space captures most of the energy by covering large number of MPCs. Here, black dots represent MPCs in angle-delay domains   
However, as mentioned previously, due to the difference in effective antenna-spacing in two bands (due to the same physical spacing but different wavelengths), it is not proper to consider the dominant UL sub-space for CSI-RS beamforming in the DL [5]. 

Under this situation, one way to determine SD beams for CSI-RS beamforming is by selecting set of SD beams which can entirely cover at least the UL dominant sub-space. Further, it is important to let UE to select DL SD beams since UE has the idea of DL dominant sub-space. We have provided an example in Fig. 3-5. In that, pertaining to the example discussed in Fig. 3-4, the selected 2D-DFT beams for CSI-RS beamforming cover the estimated UL dominant sub-space entirely. Once the beamformed CSI-RS is transmitted, UE can select appropriate SD beams and report them to the gNB as part of PMI. 
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Figure 3-5: SD beam determination for CSI-RS beamforming. Here, the selected 2D-DFT beams entirely cover the dominant UL sub-space 
Proposal 9:
· Since the UL dominant sub-space is different than that of DL when considering phased arrays (with fixed inter-element spacing) for transmission, allow UE to pick  SD beams out of the  beamformed CSI-RS ports.

Next, we discuss a possible approach for determining FD bases for CSI-RS beamforming.  

3.3.2 Determination of FD bases for CSI-RS beamforming

In this section we discuss how to identify delays for determining FD bases for CSI-RS beamforming. For understanding this further, we can consider the example captured in Fig. 3-4 again. In particular, we focus on a selected SD beam  as captured in Fig. 3-6.

[image: ]Assuming that the delays of MPCs are available, as can be seen in Fig. 3-6, SD beam  captures MPCs with delays  and . Under such situation, a delay  for beam  can be calculated considering weighted interpolation of  and  as . Subsequently, associated FD basis,  for delay  can be identified and pair that with SD beam for CSI-Rs beamforming.
     




 



Figure 3-6: SD beam  is selected for CSI-RS beamforming. Note here that, SD beam  includes MPCs with delays , and 
Another, possible approach would be to separately pair SD beam  with FD bases corresponding to delays  and  and let UE to select most appropriate FD basis. In particular, we think it is important to let UE to select FD bases as well since that can provide higher flexibility for the UE to select one or more appropriate FD bases specifically by looking at the selected SD beams as discussed in the section 3.3.1.

Proposal 10:
· Allow UE to select FD bases as well in order to provide higher flexibility and performance. FD bases selection can be either SD beam common or SD beam specific. 
It is worth remarking here that, as discussed under section 3.3.1, it is necessary to first make sure selected SD beams (in SD-FD pairs) for CSI-RS beamforming can entirely cover the UL dominant sub-space. Subsequently, FD bases can be determined for those selected SD beams for CSI-RS beamforming.
Next, we look at how to map multiple SD-FD pairs to a CSI-RS port for DL beamforming.
Mapping of SD-FD pairs with CSI-RS ports 
In previous sections, we discussed a possible structure for Rel. 17 Type II PS codebook when CSI-RS is beamformed both in angle and delay domains and subsequently, in the next section about how to select SD beams and FD bases for DL beamforming considering estimated angles and delays in the UL. In this section, we study how to map selected SD-FD pairs to CSI-RS ports for DL beamforming. 

It is important to note here that, the number of SD-FD pairs available for DL beamforming can be larger than the available CSI-RS ports within the configured CSI-RS resource. Especially, as discussed under section 3.3, in order to make sure UL dominant sub-space is covered in its entirety, number of SD beams required can be larger. Hence, if one-to-one mapping between SD-FD pairs and CSI-RS ports is considered, it may not be possible to transmit all the selected SD-FD pairs.
Observation 2:
· If one-to-one mapping between SD-FD pairs and CSI-RS ports is considered, it may not be possible to transmit all the selected SD-FD pairs.

Hence, it is important to consider many-to-one mapping between SD-FD pairs and CSI-RS ports. In particular, with many-to-one mapping, multiple SD-FD pairs are mapped to a single CSI-RS port. Such a mapping can be achieved considering a frequency division multiplexing (FDM) based mapping rule. Next, we discuss an example on how FDM based SD-FD pairs to CSI-RS port mapping can be achieved.  

As captured in Fig. 3-7, consider a 12 ports CSI-RS resource with density, . To achieve FDM based mapping, available PRBs in the CSI-RS resource are divided in to two sets, i.e., CSI-RS #1 set and CSI-RS #2 set as represented by different colors in Fig. 3-7. 
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Figure 3-7: PRBs in a 12 ports CSI-RS resource with density,  are divided in to two sets (represented by different colors). By mapping different SD-FD pairs to CSI-RS ports in different sets, 24 SD-FD pairs can be mapped here to 12 ports CSI-RS resource 
Now, SD-FD pairs mapped to CSI-RS ports in PRBs of a particular set (PRBs of the same color in Fig. 3-7) are the same while the SD-FD pairs mapped to CSI-RS ports in PRBs of different sets (different colors) are different. To elaborate this further, consider 4 CSI-RS ports within CDM group 0 in Fig. 3-7. SD-FD pairs mapped to these 4 ports in PRBs of CSI-RS #1 set are, , , , . Further, SD-FD pairs mapped to the same 4 ports in PRBs of CSI-RS #2 set are, , , ,  where,  for . As a result, 24 SD-FD pairs are mapped to 12 CSI-RS ports. 

It is worth remarking here that, FDM of SD-FD pairs to CSI-RS ports is achieved here by partitioning available PRBs within the configured CSI-RS resource, i.e., two in the considered example. Hence, it is important to properly decide number of required frequency partitions and how PRBs associated with each frequency partition is decided. For the considered example in Fig. 3-7, each partition consists of every other PRB within the configured CSI-RS resource. Subsequently, the UE should be informed with this information. Accordingly, we make following proposals,

Proposal 11:
· Support FDM based many-to-one mapping between SD-FD pairs and CSI-RS ports. 
Proposal 12:
· Consider how to determine, the number of frequency partitions, and PRBs associated with each frequency partition, for FDM based many-to-one mapping between SD-FD pairs and CSI-RS ports.  
Summary
In this contribution, we discussed possible CSI enhancements for DL multi-TRP/panel and Type II PS codebook. Based on the discussion, we have made following observations and proposals.
Proposal 1:
· The premise to confirm the working assumption is making sure that the discussion on Category 2 will not impact the function and progress of Category 1.
Proposal 2:
· Support Category 1 for both single-DCI and multi-DCI based MTRP transmission schemes, including DL MTRP transmission scheme in HST-SFN.
· 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.
Proposal 3:
· For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, the UE is expected to report following reporting quantities for different transmission schemes based on indication signaling,
· two RIs, two PMIs, two LIs and one CQI per codeword, for single-DCI based NCJT
· two RIs, two PMIs, two LIs and two CQIs, for multi-DCI based NCJT
· one RI, two PMIs, one LI and one CQI, for HST-SFN
Proposal 4:
· For NCJT CSI measurement configured with single reporting setting, 
· Existing interference measurement based on CSI-IM given by csi-IM-ResourcesForInterference and based on NZP CSI-RS given by nzp-CSI-RS-ResourcesForInterference is baseline. 
· The CSI-IM and NZP-CSI-RS for interference measurement are shared by two TRPs, with one-to-one mapping between CMR associated with each TRP and CSI-IM/NZP-CSI-RS for interference measurement.
Proposal 5:
· For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, the UE is expected to report one CRI, which corresponds to two NZP CSI-RS resources.
Proposal 6:
· For NCJT CSI measurement configured with single reporting setting, 
· If configured, CMR associated with the 2nd TRP is assumed for interference measurement for CMR associated with the 1st TRP, and vice versa.
Proposal 7:
· At least support 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.
· Do not support Alt.2.
· Alt.3 can be further studied.
Observation 1:
· Due to the FDD transmission using antenna arrays, the UL dominant sub-space determined based on the UL spatial covariance, is not the same as that of DL. However, port selection in the DL allows UE to approximately select SD beams which can cover the DL dominant sub-space of the DL spatial covariance. 

Proposal 8:
· Consider following Type II PS codebook structure for NR Rel-17:    
   
where both  and are selection matrices. As discussed above, proposed Alt0 and Alt1/2 codebook structures are special cases of this codebook structure.

Proposal 9:
· Since the UL dominant sub-space is different than that of DL when considering phased arrays (with fixed inter-element spacing) for transmission, allow UE to pick  SD beams out of the  beamformed CSI-RS ports.
Proposal 10:
· Allow UE to select FD bases as well in order to provide higher flexibility and performance. FD bases selection can be either SD beam common or SD beam specific. 
Observation 2:
· If one-to-one mapping between SD-FD pairs and CSI-RS ports is considered, it may not be possible to transmit all the selected SD-FD pairs.
Proposal 11:
· Support FDM based many-to-one mapping between SD-FD pairs and CSI-RS ports. 
Proposal 12:
· [bookmark: _GoBack]Consider how to determine, the number of frequency partitions, and PRBs associated with each frequency partition, for FDM based many-to-one mapping between SD-FD pairs and CSI-RS ports.  
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Alt 0 :  Based on    𝐖 = 𝐖 𝟏 𝐖 𝟐   or     𝐖 = 𝐖 𝟏 𝐖 𝟐 𝐖 𝐟 𝐇 ,    𝐖 𝟏   can be an identity matrix  
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Alt 1 and  Alt 2 :   Based on    𝐖 = 𝐖 𝟏 𝐖 𝟐 ,    study following detailed design of matrices   𝐖 𝟏 ,   at least for rank 1.      Alt 1:  𝐖 𝟏 ∈ ℕ   P CSI − RS × K 1 ( K 1 ≤   P CSI − RS )   is a port selection matrix  in order to freely select  K 1   ports  out of  P CSI − RS   CSI - RS ports or   K 1 2   ports out of   P CSI − RS 2   CSI - RS ports   (FFS polarization - common/specific selection) whereas each column of   𝐖 𝟏   has only one element of “1”      Alt2 :  𝐖 𝟏 ∈ ℕ   P SD − FD × K 2 ( K 2 ≤   P SD − FD   =   O f P CSI − RS , , O f ≥ 1 )   is a SD - FD  basis  selection  matrix  in  order  to  freely  select    K 2   bases out of  P SD − FD   bases or   K 2 2   bases out of   P SD − FD 2   bases  (FFS  polarization - common/specific selection) whereas each column of   𝐖 𝟏   has only one element of “1”   o   FFS the mechanism of conveying  SD - FD beamforming bases   using CSI - RS ports  
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Alt 3 , Alt 4 , and Alt5 :   Based on    𝐖 = 𝐖 𝟏 𝐖 𝟐 𝐖 𝐟 𝐇 ,    study following detailed design of matrices    𝐖 𝟏   and    𝐖 𝐟   , at least for rank 1.      Alt3:  𝐖 𝟏 ∈ ℕ   P CSI − RS × K 1 ( K 1 ≤   P CSI − RS )   is a port selection matrix in order to freely select  K 1   ports  out of  P CSI − RS   CSI - RS ports or   K 1 2   ports out of  P CSI − RS 2   CSI - RS ports    (FFS polarization - common/specific selection)  whereas each column of   𝐖 𝟏   has only one element of “1 ”   o   Alt3 - 0 (one SD - FD /SD   pair per port): 𝐖 𝐟 ∈ C N 3 ×   M v (   M v   ≤ N 3 )   is a DFT based compression  matrix  (FFS: configured/indicated to the UE and/or selected/reported by the UE) ,  whereas  N 3   = N CQISubband *R and    𝐌 𝐯 ≥ 1 .    o   Alt3 - 1 (Multi - SD - FD  pairs per port): 𝐖 𝐟 ∈ C N 3 ×   M v (   M v ≤ N , N   ≤ N 3 )   is a DFT matrix  selected by the UE from N pre - configured/pre - defined DFT vectors ,  whereas  N 3   =  N CQISubband *R and    𝐌 𝐯 ≥ 1 .       FFS the mechanism of conveying  SD - FD beamforming bases   using CSI - RS ports      Note that    M v = N   is not excluded by gNB/codebook configuration.    o   Alt3 - 2  (Multi - SD - FD /SD   pairs per port):   𝐖 𝐟 ∈ ℕ K 3 × M ( M ≤ K 3 )   is a   selection matrix in  order to select M SD - FD basis whereas  each column of   𝐖 𝐟   has only one element of “1”,       FFS the mechanism of conveying SD - FD beamforming bases using CSI - RS ports      N ote that  𝐖 𝐟   can be an identity matrix  
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   Alt4 :  𝐖 𝟏 ∈ ℕ   P group × K 4   ( K 4   ≤   P group )   is a port - group selection  matrix   to  freely  select  K 4   groups  out of   P group   port group s or  K 4 / 2    groups  out of   P group / 2   port group s   (FFS polarization - common/specific selection)   whereas  P CSI − RS   CSI - RS ports in a resource are divided into  P group   group s   with  K 5   ports per group, and each port group corresponding to the same SD basis   o     𝐖 𝐟 ∈ ℕ K 5 × M ( M ≤ K 5 )   is  a  selection  matrix  to select the same M ports across all port groups  each column of   𝐖 𝐟   has only one element of “1” .       Alt5:  𝐖 𝟏 ∈ ℕ   P SD − FD × K 2 ( K 2 ≤   P SD − FD   =   O f P CSI − RS , , O f ≥ 1 )   is a SD - FD  basis  selection  matrix  in  order  to  freely  select    K 2   bases out of  P SD − FD   bases or   K 2 2   bases out of   P SD − FD 2   bases (FFS  polarization - common/specific selection) whereas each column of   𝐖 𝟏   has only one element of “1”   o   𝐖 𝐟 ∈ C N 3 ×   M v (   M v ≤ N , N   ≤ N 3 )   is a DFT based compression matrix (FFS:  configured/indicated to the UE and/or selected/reported by the UE) ,  whereas  N 3   =  N CQISubband *R and    𝐌 𝐯 ≥ 1 .   o   FFS the mechanism of conveying SD - FD beamforming bases using CSI - RS ports  
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