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Introduction
In RAN1#104-e meeting, following agreements were made regarding CSI enhancements for Type II port selection codebook and multi-TRP operation [1]. 
	Agreement
For PS codebook enhancements utilization DL/UL reciprocity of angle and/or delay, support codebook structure W=W1W2 WfH where 
· W1 is a free selection matrix, with identity matrix as special configuration
· FFS polarization-common/specific selection
· Wf is a DFT based compression matrix in which N3 = NCQISubband*R and Mv>=1
· At least one value of Mv>1 is supported
· Decide on the value(s) of Mv, e.g. Mv=2, in RAN1# 104bis-e
· Working assumption: Support of Mv>1 is a UE optional feature if the UE supports Rel-17 PS codebook enhancement, taking into account UE complexity related to codebook parameters
· FFS candidate value(s) of R, mechanism for configuring/indicating to the UE and/or mechanism for selecting/reporting by UE for Wf
· Wf can be turned off by gNB. When turned off, Wf is an all-one vector (FFS; the length of all-one vector)
· FFS other signaling/CSI reporting mechanism for trade-off among signaling overhead, UE complexity and UPT gain

Agreement
For PS codebook enhancements utilization DL/UL reciprocity of angle and/or delay, 
· W1 ∈ N^{P×K1} (K1≤P) is a port selection matrix in order to freely select K1 ports out of P CSI-RS ports or K1/2 ports out of P /2 CSI-RS ports 
· Note that P is the number of CSI-RS ports for port selection (whose value depends on the outcome of the CSI-RS related study).  

Agreement
For PS codebook enhancements utilization DL/UL reciprocity of angle and/or delay, study following options (or combinations) for CSI-RS configurations associated with Rel-17 PS codebook for supporting low CSI-RS overhead and/or CSI-RS processing complexity considering the impact on UPT performance under realistic CSI-RS measurement:  
· Option 0: No further CSI-RS enhancement as the baseline
· Option 1: Support configuring a lower CSI-RS density per CSI-RS resource, e.g. 0.25
· Option 2: Support configuring one or multiple CSI-RS patterns per CSI-RS resource associated with Rel-17 PS codebook
· Option 3: Support configuring multiple CSI-RS resources per CSI reporting configuration associated with Rel-17 PS codebook

Agreement
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, the UE can be configured with Ks ≥ 2 NZP CSI-RS resources in a CSI-RS resource set for CMR and N ≥ 1 NZP CSI-RS resource pairs whereas each pair is used for a NCJT measurement hypothesis 
· Configure UE with two CMR groups with Ks=K1+K2 CMRs. CMR pairs are determined from two CMR groups by following method(s). 
· K1 and K2 are the number of CMRs in two groups respectively. FFS K1=K2 or different K1/K2.
· Note that CMRs in each CMR group can be used for both NCJT and Single-TRP measurement hypotheses
· N CMR pairs are higher-layer configured by selecting from all possible pairs
· signalling mechanism can be discussed further, e.g. using a bitmap
· FFS: Whether MAC-CE or RRC+MAC CE indication is needed
· FFS: how to support NCJT measurement hypotheses in FR2
· Support N=1 and Ks =2, FFS other maximal values of N>1 and Ks>2  
· Note: for CPU/resource/port occupation, NCJT hypothesis is considered separately from single TRP hypothesis

Agreement
· Strive to agree at most one of the following options, if needed 
· Option 1: Confirm the Working Assumption from RAN1 103e. 
· Option 2: The UE can be expected to report one RI, one PMI, one LI and one CQI per TRP, up to 2 TRPs, for Multi-DCI based NCJT
· The time of decision is RAN1#105e (May 2021)

Agreement
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, support following two options:
· Option 1: the UE can be configured to report X CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis
· X = 0, 1, 2
· If X=2, two CSIs are associated with two different single-TRP measurement hypotheses with CMRs from different CMR groups
· Support of X=1,2 is UE optional for the UE supporting option 1
· FFS omission of CSI associated with NCJT measurement hypothesis
· Option 2: the UE can be configured to report one CSI associated with the best one among NCJT and single-TRP measurement hypotheses
· FFS how to report recommended measurement hypothesis associated with that CSI report



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#104-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.
CMR and CSI-IM configurations
In RAN1#104-e meeting, some detailed designs have been agreed for Category 1. UE can be configured with Ks NZP CSI-RS resources in a CSI-RS resource set for CMR and N NZP CSI-RS resource pairs, where Ks=K1+K2 CMRs from two CMR groups, and N CMR pairs are higher-layer configured. But the number of K1/K2/Ks/N and configuration signaling for N CMR pairs are still FFS. 
We think the number of CMRs in two CMR groups can be the same for simplicity, i.e., K1=K2. For the maximal value of Ks, at least the number of CMR resources supported in Rel-16 should be supported, e.g., up to 8 CSI-RS resources in a CSI-RS resource set can be supported for CSI measurement/reporting. The N CMR pairs can be determined from two CMR groups by a K1*K2 bitmap. With the bitmap indication, any combination of two beams from the two CMR groups can be indicated as valid for CSI measurement. But such indication is more suitable for FR1. For FR2, considering that a configured CMR resource can be measured by UE with a RX filter at a time for once, a CMR resource is allowed to be indicated in a CMR pair only via the bitmap. UE does not expect a CMR resource to be indicated in more than one CMR pair. Hence, in FR2, the bitmap indication signaling may be not needed. If the bitmap is not configured, UE can assume one-to-one mapping between the two CMR groups as CMR pairs for CSI measurement. So at least N=Ks/2 CMR pairs can be supported. For FR1, it is also fine to support maximal value of N=K1*K2.

Proposal 1:
· Support K1=K2. Support maximal values of Ks>2 and N>1. 
· At least the maximal number of CMR resources supported in Rel-16 should be supported for Ks.
· At least N=Ks/2 can be supported. Fine to support N=K1*K2 for FR1.
· A K1*K2 bitmap can be configured by RRC signaling to indicate the CMR pairs for CSI measurement. If the bitmap is not configured, UE assumes one-to-one mapping between the two CMR groups as CMR pairs for CSI measurement. 
· For FR2, UE does not expect a CMR resource to be indicated in more than one CMR pair via the bitmap.

In Rel-16, the CMR for channel measurement and CSI-IM for interference measurement is one-to-one mapping. Similar mechanism can be applied for MTRP NCJT CSI measurement configuration. To support single-TRP measurement hypotheses for each CMR group, K1+K2 CSI-IM for single-TRP interference measurement can be configured with one-to-one mapping with CMR resource. To support NCJT measurement hypothesis, a CSI-IM should be configured for each indicated CMR pair. Hence, there should be one-to-one mapping between a CMR pair and a CSI-IM, that is to say, N CSI-IM resources can be configured for NCJT measurement hypothesis. Fig. 2-1 shows an example of CMR and CSI-IM configurations.
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Figure 2-1: CMR and CSI-IM configurations

On top of CMR and CSI-IM configurations above, inter-TRP interference can be additionally considered in CSI measurement if configured by a new RRC parameter. In that case, each CMR resource within a CMR pair should be assumed as NZP interference when deriving CSI based on the other CMR resource within the CMR pair. 




Proposal 2:
· Support to configure a CSI-IM resource for each CMR for single-TRP measurement hypotheses, and a CSI-IM resource for each indicated CMR pair for NCJT measurement hypotheses, i.e., (K1+K2+N) CSI-IM resources.
· If configured by a new RRC parameter, each CMR resource within a CMR pair should be assumed as NZP interference when deriving CSI based on the other CMR resource within the CMR pair.

[bookmark: _Hlk68094620]The CRI reporting mechanism can be also similar as Rel-16. If UE is configured to report CSIs for both single-TRP measurement hypotheses and NCJT measurement hypothesis, the CRI reporting index from 0 to K1+K2-1 can correspond to single-TRP measurement hypotheses. For NCJT measurement hypothesis, UE does not need to report two CRIs. Instead, UE can report one CRI, which implies a beam pair based on the order of indicated CMR pairs. Hence, the CRI reporting index from K1+K2 to K1+K2+N-1 corresponds to the CMR pairs for NCJT measurement hypotheses. If UE is configured to report CSI for NCJT measurement hypothesis only, the CRI reporting index from 0 to N-1 can corresponds to the CMR pairs for NCJT measurement hypotheses.

Proposal 3:
· UE reports one CRI to indicate a beam pair for NCJT measurement hypotheses.
· If UE is configured to report CSIs for both single-TRP measurement hypotheses and NCJT measurement hypothesis in a CSI report, the CRI reporting index from 0 to K1+K2-1 corresponds to single-TRP measurement hypotheses, and the CRI reporting index from K1+K2 to K1+K2+N-1 corresponds to the CMR pairs for NCJT measurement hypotheses.
· If UE is configured to report CSI for NCJT measurement hypothesis only in a CSI report, the CRI reporting index from 0 to N-1 corresponds to the CMR pairs for NCJT measurement hypotheses.

CSI priority and CSI report quantity
[bookmark: _Hlk68098233]In RAN1#104-e meeting, it was agreed that UE can be configured to report up to 2 CSIs for single-TRP measurement hypotheses and 1 CSI for NCJT measurement hypotheses in a CSI report. For multiple CSIs within a CSI report, CSI priority can be defined for UCI multiplexing and CSI omission. Based on Rel-16 CSI priority rule , new index indicating single-TRP and NCJT measurement hypotheses, as well as TRP index information (e.g., CMR group index) for single-TRP measurement hypotheses can be further considered to distinguish the priority of those 3 CSIs within a CSI report.

Proposal 4:
· Consider new index indicating single-TRP and NCJT measurement hypotheses, as well as TRP index information (e.g., CMR group index) for single-TRP measurement hypotheses in CSI priority rule.

In RAN1#104-e meeting, it was also agreed that the UE can be configured to report one CSI associated with the best one among NCJT and single-TRP measurement hypotheses. How to select and decide the best CSI can be up to UE implementation. But how to indicate the measurement hypothesis of the selected and reported CSI should be studied. For example, a new indicator can be configured to be reported in a CSI to indicate the measurement hypothesis of the reported CSI.

Proposal 5:
· Support to configure reporting a new indicator in a CSI to indicate the measurement hypothesis of the reported CSI.

For single-DCI based NCJT, it has been agreed to support two RIs, two PMIs, two LIs and one CQI per codeword, when the maximal transmission layer is less than or equal to 4. However, the case of transmission layer larger than 4 should be also discussed. When the maximal transmission layer is larger than 4, there should be two TBs, hence, 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. Note that the case of multi-DCI based NCJT will be discussed and decided in RAN1#105e meeting.

Proposal 6:
· For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting for single-DCI based NCJT, the UE is expected to report,
· two RIs, two PMIs, two LIs and one CQI per codeword, when the maximal transmission layer is larger than 4;
· one RI, two PMIs, one LI and one CQI, for HST-SFN.
Type II port selection codebook enhancement

During RAN1#104-e meeting, a new structure was agreed for Rel. 17 Type II port selection (PS) codebook. In this section, we discuss in detail, further enhancements on the proposed Type II PS codebook structure.
Overview of the Rel-17 Type II PS codebook structure
As per the agreement, the new codebook structure for Rel. 17 Type II PS codebook can be given as,
   

where  captures precoding vectors for  sub-bands (SBs).  in (1) is a port selection matrix which freely selects  ports out of  CSI-RS ports or  ports out of  CSI-RS ports. Further,  () in (1) captures  frequency domain (FD) bases (These FD bases are selected from a () DFT matrix). Note that,  DFT basis vectors are explicitly reported as part of the PMI. Further, as per the agreement on Rel. 17 Type II PS codebook structure, gNB can turn off . Finally, () in (1) is a matrix capturing non-zero linear combination (LC) coefficients. 
With this new codebook structure, it is considered that the gNB transmits  CSI-RS ports each beamformed with a spatial domain (SD) beam and a FD basis vector, i.e., SD-FD pair. When compared with the Rel. 16 Type II PS codebook where each CSI-RS port is beamformed only using a SD beam, the frequency selectivity of the channel of a given port is reduced in Rel 17 Type II PS codebook. This is mainly due to the delay pre-compensation introduced in addition to SD beamforming. This idea has succinctly been captured in the Fig. 3-1.     
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Figure 3-1: An example of the observed channel at the UE for a given CSI-RS port when CSI-RS beamforming is done considering, 1) only SD beam (Rel. 16), and 2) SD-FD pair (Rel. 17)
Note that, as per the agreed Type II PS codebook structure for Rel. 17, UE can report additional FD bases (when  is on) based on the observed delay pre-compensated channel. To understand the importance of reporting FD bases by the UE, in Fig. 3-2 we have carried out a simple simulation analysis on the observed channel at the UE for a given CSI-RS port under different beamforming criteria. In particular, we have assumed there are 4 dominant taps in the power delay profile (PDP) of the channel associated with the considered CSI-RS port. 
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Figure 3-2: An example of the observed frequency response of the channel at the UE for a given port when beamforming is done considering, 1) SD-FD pair, and 2) SD-FD pair and 1 additional DFT reported by UE. For the comparison purposes, the channel frequency response of the original channel associated with the port (only SD beamforming) is also captured (Note: sub-band size is 1 RB and perfect channel knowledge)
As can be observed from Fig. 3-2, compared with the original channel over the port where only SD beamforming is applied, the delay pre-compensated channel with SD-FD pair based beamforming has less frequency selectivity. Moreover, when beamforming is done considering a SD-FD pair and one additional DFT, frequency selectivity of the channel further reduces. Hence, it is obvious that, using additional FD bases reported by the UE, achievable performance can be enhanced. 
Regarding the number of FD bases reported by the UE, we think it is sufficient to report 1 or 2 additional FD bases. Accordingly, we make the following proposal.       
Proposal 7:
· It is sufficient to report = 1, 2 FD bases with the agreed Rel. 17 Type II PS codebook structure.     
 Selection of additional FD bases
With the reporting of FD bases by UE, the next question arises is how to select and report additional FD bases captured within . In particular, during RAN1#104e-meeting, it was discussed whether the UE should select these FD bases from a pre-configured set of DFT bases by the gNB or from a DFT bases window identified and reported as part of the PMI by the UE.
As per our view, there should be sufficient flexibility at the UE side to select and report these FD bases. We do acknowledge that selecting set of FD bases from a pre-configured set of DFT bases by the gNB can reduce CSI reporting overhead. However, this comes with the underlying assumption that the gNB is accurately estimating delay(s) associated with a particular DL port considering UL RS transmission. This is not always true especially given the fact that the effective antenna-spacing is different in two bands for FDD. An example scenario has been captured within Fig. 3-3. In that, black dots represent different multi-path components (MPCs) of the user channel, each associated with a different angle and a delay.   
[image: ]






Figure 3-3: Due to the difference in effective antenna spacing in two bands for FDD transmission, associated delays with the estimated UL beam corresponding to port n can be different than what UE actually observes in the DL for port n

Since the effective antenna-spacing is different in two bands for FDD (due to the same physical spacing but different wavelengths), when angles are sampled through the phased array, set of angles sampled in the UL are different than in the DL. Hence, as can be seen from Fig. 3-3, the delays associated with the estimated UL beam corresponding to port n can be different than what UE actually observes in the DL for port n. This clearly shows that there should be sufficient flexibility for the UE to select FD bases based on what it observes in the DL. Accordingly, we make the following proposal.   

Proposal 8:
· Allow UE to select and report  number of FD bases from a DFT bases window identified by the UE (not from a pre-configured set of DFT bases by the NW). 
Precoder selection based on the existence of    
As per the agreement on codebook structure for Rel. 17 Type II PS codebook, it is possible to turn off  in (1). As a result, the formulation of the final precoder will be different based on whether  is turned on or off. In particular, specific precoder formulations for these two cases can be given as follows:     
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(2)








Here, the considered SD-FD pairs for CSI-RS beamforming are, . Subsequently, indices of the selected SD-FD pairs and FD bases are, and  where , , respectively. Further,  and  represent a column vector from a  identity matrix and a column vector from a  DFT matrix, respectively. Finally,  represents LC coefficients. Note that, the precoder in (2) when  is turned off, is a wideband precoder (hence, () is a vector). However, this can be a sub-band precoder as well. In that case, becomes a () matrix.       

Regarding the configuration of turning on/off , it is possible to achieve this using RRC signaling. Further, using DCI, NW can dynamically switch between  on and off. In particular, one possible approach to achieve this is, using RRC signaling, each of the aperiodic CSI-RS resource can be configured either with on or off. Subsequently, using the existing DCI field for CSI triggering state, NW can select appropriate CSI-RS resource implicitly indicating whether  is on or off (this is configured with aperiodic CSI-RS resource). Another approach to turning on/off  may be to, associate that with the DCI code point of the CSI request field of the triggering DCI. Accordingly, we make the following proposal. 

Proposal 9:
· Consider dynamic configuration of turning on/off  using DCI. 
Another important discussion point is, what PMI information need to be reported with the precoders captured in (2). In particular, when  is on and hence FD bases reporting is required, is a () matrix. In that case, if we follow Rel. 16 PMI information [3], a bitmap has to be reported to inform gNB what LC coefficients within are reported by the UE. However, if  is small, i.e., , as per our view, there is no need of reporting a bitmap. Hence, all the LC coefficients can be reported. Further, this helps achieving a unified solution for PMI reporting when  is off, to a certain extent, since that requires reporting all the LC coefficients. Accordingly, we make the following proposal.             

Proposal 10:
· If  is small, then there is no need of reporting a bitmap. All the non-zero LC coefficients within  can be reported. Further, this helps achieving a unified solution for PMI reporting when  is off, to a certain extent, since that requires reporting all the LC coefficients.
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:
· Support K1=K2. Support maximal values of Ks>2 and N>1. 
· At least the maximal number of CMR resources supported in Rel-16 should be supported for Ks.
· At least N=Ks/2 can be supported. Fine to support N=K1*K2 for FR1.
· A K1*K2 bitmap can be configured by RRC signaling to indicate the CMR pairs for CSI measurement. If the bitmap is not configured, UE assumes one-to-one mapping between the two CMR groups as CMR pairs for CSI measurement. 
· For FR2, UE does not expect a CMR resource to be indicated in more than one CMR pair via the bitmap.
Proposal 2:
· Support to configure a CSI-IM resource for each CMR for single-TRP measurement hypotheses, and a CSI-IM resource for each indicated CMR pair for NCJT measurement hypotheses, i.e., (K1+K2+N) CSI-IM resources.
· If configured by a new RRC parameter, each CMR resource within a CMR pair should be assumed as NZP interference when deriving CSI based on the other CMR resource within the CMR pair.
Proposal 3:
· UE reports one CRI to indicate a beam pair for NCJT measurement hypotheses.
· If UE is configured to report CSIs for both single-TRP measurement hypotheses and NCJT measurement hypothesis in a CSI report, the CRI reporting index from 0 to K1+K2-1 corresponds to single-TRP measurement hypotheses, and the CRI reporting index from K1+K2 to K1+K2+N-1 corresponds to the CMR pairs for NCJT measurement hypotheses.
· If UE is configured to report CSI for NCJT measurement hypothesis only in a CSI report, the CRI reporting index from 0 to N-1 corresponds to the CMR pairs for NCJT measurement hypotheses.
Proposal 4:
· Consider new index indicating single-TRP and NCJT measurement hypotheses, as well as TRP index information (e.g., CMR group index) for single-TRP measurement hypotheses in CSI priority rule.
Proposal 5:
· Support to configure reporting a new indicator in a CSI to indicate the measurement hypothesis of the reported CSI.
Proposal 6:
· For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting for single-DCI based NCJT, the UE is expected to report,
· two RIs, two PMIs, two LIs and one CQI per codeword, when the maximal transmission layer is larger than 4;
· one RI, two PMIs, one LI and one CQI, for HST-SFN.
Proposal 7:
· It is sufficient to report = 1, 2 FD bases with the agreed Rel. 17 Type II PS codebook structure     
Proposal 8:
· Allow UE to select and report  number of FD bases from a DFT bases window identified by the UE (not from a pre-configured set of DFT bases by the NW) 
Proposal 9:
· Consider dynamic configuration of turning on/off  using DCI. 
Proposal 10:
· If  is small, then there is no need of reporting a bitmap. All the non-zero LC coefficients within  can be reported. Further, this helps achieving a unified solution for PMI reporting when  is off, to a certain extent, since that requires reporting all the LC coefficients.
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