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Introduction
In RAN1#104-e meeting, the following agreements on port selection codebook enhancements utilizing DL/UL reciprocity of angle and/or delay were achieved [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



In addition, the agreements on CSI measurement and reporting for MTRP and/or multi-panel transmission were also achieved as follows [1].
	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, design details of enhanced Type II port selection codebook and CSI measurement and reporting for MTRP and/or multi-panel transmission are discussed.
CSI enhancement for FDD with partial reciprocity
Discussion on port selection matrix  
According to the agreement made in last meeting, it is to be determined that port selection is polarization-common or polarization-specific. Assume that P ports are used to transmit beamformed CSI-RS, and K1 ports are selected by UE. For simplicity, let the number of DFT basis vectors . The compression coefficient of the p-th port can be calculated as
                                                                                    (1)
Where  denotes the estimated effective channel on the n-th PMI frequency units. Similarly, the compression coefficients of the remaining ports can be obtained, i.e.,, where Nr is the number of receive antennas. Then, the beam combination coefficients  for the l-th layer can be obtained by implementing eigen-decomposition of . Port selection can be based on the compression coefficients  or beam combination coefficients, i.e., two potential options of port selection are provided as follows.
· Option1: Port selection is based on compression coefficients
· Option2: Port selection is based on beam combination coefficients
Performance vs. overhead comparison between Option1 and Option2 based on DFT basis vectors are given in Figure 1. The detail evaluation assumptions can be found in Appendix. In the following simulation,  and are assumed if without special illustration. In the figure, xSy denotes y ports are selected from x ports.  We can see that Option2 can achieve better tradeoff between performance and overhead than Option1, especially, when fewer ports are selected. For example, compared with Option1, about 3.0% performance gain can be obtained by using Option2 when 6 ports are selected from 32 ports. The reason of inferior performance for Option 1 is that the beam combination coefficients corresponding to the selected port may not be the optimal ones. However, the selected beam combination coefficients corresponding to the selected port is always optimal ones if Option2 is adopted. 

Figure 1: Performance vs. overhead comparisons between Option1 and Option2 based on DFT basis vector.
Observation-1: Port selection based on beam combination coefficients can achieve better performance than that of port selection based on compression coefficients with the same overhead. 
When, the location of selected port is same to that of selected non-zero coefficients (i.e., non-zero beam combination coefficients for SD-FD pairs) for Option2 since each SD-FD pair is mapped to one CSI-RS port. Therefore, the number of ports can be selected as many as that of non-zero coefficients for each layer. In such case, both selected port and the location of non-zero coefficients can be indicated by using a single reporting quantity. When, the number of selected ports depends on the location of non-zero coefficients for each layer. As an example, assume that P = 12, , and  non-zero coefficients are required to report. As shown in Figure 2(a),  ports are selected from the P ports. While   ports are selected by UE with the same number of reported non-zero coefficients as shown in Figure 2(b). For such cases, the port selection and the location of non-zero coefficients shall be indicated separately. 


Figure 2: Illustration of port selection based on the location of non-zero coefficients.
Based on above observation and discussion, we have the following proposal. 
Proposal-1: For , the location of non-zero coefficients are indicated by the port selection indication. 
Then, evaluation results for polarization-common and polarization-specific port selection are given based on both DFT vector and eigenvector in Figure 3 by assuming Option2 and . It can be observed that polarization-common achieves better tradeoff between performance and overhead. Since the same beams are applied to the two polarizations, performance loss would be marginal when port selection is polarization-common. But, the indication overhead is saved. Therefore, polarization-common can achieve better tradeoff between performance and overhead. Similarly, when, polarization-common for port selection will not cause notable performance loss with less overhead of port indication. Therefore, polarization-common should be supported as well when .


Figure 3: Performance vs. overhead comparisons between polarization-specific and polarization common based on DFT basis vector and eigenvector.
Based on the above observation and discussion, we give the following proposal.
Proposal-2: Port selection should be polarization-common. 
Discussion on DFT based compression matrix   and value(s)
In the last meeting, two issues on configuring/indicating or selecting/reporting of DFT based compression matrix and value(s) were identified for further study.  In this subsection, we discuss them respectively.  
Issue1: Configuring/indicating or selecting/reporting of DFT based compression matrix 
Different mechanisms for configuring/indicating to UE and/or mechanisms for selecting/reporting by UE  were also discussed online and offline during last meeting, and the following options were provided. 
	· With regarding to mechanism of configuring/indicating Wf to the UE (if supported)
· Option 1: The FD bases used for Wf quantitation are limited within a single window/set with size N and initial point Minitial, which can be fixed/configured/indicated by gNB. 
· FFS: whether/how to support more than one windows/sets
· FFS: candidate values and value ranges for N, Minitial, including whether Minitial can be fixed to be, e.g. 0
· FFS: signaling mechanism by MAC-CE or RRC or hybrid
· With regarding to mechanism of selecting/reporting Wf to the gNB (if supported)
· Option 1: UE selects all FD components configured/indicated by the NW without reporting them
· Option 2: UE selects and reports FD components within a window/set of size N configured/indicated by the NW
· FFS: The number of CSI-RS ports and the value of Mv is jointly configured per codebook parameter combination 


In our view, the dominant frequency domain (FD) components which captured by gNB corresponding to each SD beam may be discontinuous. These FD components can be conveyed to UE through beamformed CSI-RS. Although all those dominant FD components acquired by gNB could be conveyed to UE through beamformed CSI-RS, a few FD components cannot be captured by gNB due to channel estimation error and/or non-ideal channel reciprocity. In order to capture them, these residual FD components can be obtained and reported by UE through more than one DFT basis vectors, i.e., .These basis vectors can be configured within one or more than one windows/sets each with size N. If more than one windows/sets are configured to UE, more DL signaling overhead is incurred. The computation complexity at UE side is increased as well since more coefficients are to be calculated according to the configured FD components. It is a simple and direct way that all dominant FD components obtained by gNB are conveyed to UE through beamformed CSI-RS by configuring enough CSI-RS ports. The CSI-RS overhead can be reduced by utilizing Option1~3 on CSI-RS configuration provided in the last meeting [1]. Therefore, it is not necessary to configure multiple windows/sets to UE.
Assume that a window with size N is used to configure DFT basis vectors to UE. It just needs to indicate the starting point of the window. If the starting point is also a fixed value, the indication of these DFT basis vectors is not needed. However, if a set with size N is used to configure them to UE, at least  bits are needed to indicate the FD bases, where is total number of candidate DFT basis vectors. Obviously, compared with the configuration with a window, the configuration with a set leads to more DL indication overhead. In addition, assume that all dominant DFT basis vectors which are obtained by gNB are conveyed to UE through beamformed CSI-RS, it is difficult to decide which remaining vectors should be configured to UE if a set is used to configure DFT basis vectors. The residual FD components may not be obtained by UE if those vectors in a set are not appropriately selected, resulting performance loss. While DFT basis vectors within a window can be applied to obtain the residual FD components, since all dominant FD components have been shifted to the same position in delay domain after beamforming and the configured DFT basis vectors within a window are consecutive. This could further improve performance with feedback overhead increase. Therefore, DFT basis vectors should be configured to UE through a window with size N. 
Proposal-3: If DFT basis vectors are to be configured to UE, they are limited within a window of size N. 
At gNB side, in order to multiplex different UEs on the same CSI-RS ports, the   of different UEs should be set to different values so that the UE can recover its effective channel. The  value can be directly configured to UE through RRC signaling. But it cannot be flexible changed. Assume that multiple UEs have been configured with the same  . If gNB want to multiplex CSI-RS of these UEs, the value for some UEs should be changed. One way is to use RRC signaling is to reconfigure them. But this will increase signaling overhead and is not flexible as well. In order to flexibly shift the delay position, DCI indication can be consider to dynamically indicate the   value. 
Proposal4: Dynamic indication of   should be considered in order to flexibly shift the delay position. 
It is not necessary for UE to always report  with . Sometimes,  may be sufficient if delay reciprocity of UL/DL channel keeps quite well. Furthermore, feedback overhead can be further reduced if UE can perform selection from all the configured FD components by gNB and if UE can decide the number of DFT basis vectors according to calculating beam combination coefficients. If beam combination coefficients corresponding to the some FD components are all zeros, UE can deselect these FD components and just reports the coefficients corresponding to other FD components to gNB.
Proposa-5: The number of FD components and the selected FD components are to be reported by UE.
Issue2:  value(s)
 is supported [1], and at least one value of  is supported as well. The candidate  values and the number of  need to be decided. According to above discussion, dominant FD components have been conveyed to UE through beamformed CSI-RS, and only few FD components are left to be selected by UE from a window with size N. Considering feedback overhead, it is not necessary to set large  value. In order to decide the  value and the number of , performance vs. overhead comparisons for different  value with different window size N are given in Figure 4. In the figure, K0 denotes the reported number of non-zero coefficients. It can be observed that  can achieve better tradeoff between performances and overhead compared with, and about 1.7% performance gain can be achieved by configuring more than FD components at higher overhead compared with . Note that the performance of is similar to that of  for the same number of non-zero coefficients reported. This implies that the performance have been saturated when. Additional FD components configuration cannot further improve performance. Based on the observation, we give the following proposal.

Figure 4: Performance vs. overhead comparisons for different  value.
Proposal-6: In addition to ,  only  is supported. 
Discussion on CSI-RS configuration
In our contribution of last meeting [2], the performance of enhanced Type II PS codebook with varying number of SD-FD pairs were investigated. The simulation results shows that more than 2% and 6% performance gain can be achieved in terms of average and cell-edge UPT by using 48 SD-FD pairs over 32 SD-FD pairs. It is necessary to support more than 32 SD-FD pairs in specification.
Observation-2:  Compared with using 32 SD-FD pairs, more than 2% and 6% performance gain can be obtained in terms of average and cell-edge UPT by using 48 SD-FD pairs.
Proposal-7: At least 48 SD-FD pairs shall be supported in specification.
For CSI-RS configurations, multiple options were listed in the last meeting for further study. In the following, they are analyzed in terms of CSI-RS overhead, flexibility and specification impact.
· Option0:  No further CSI-RS enhancement as the baseline:
As above observation, more than 32 SD-FD pairs can be used to improve system performance. Since each port only can transmit one SD-FD pair, it needs more than 32 CSI-RS ports to convey these SD-FD pairs to UE through beamformed CSI-RS. In current specification, the maximum 32 ports are configured in a CSI-RS resource, which is not sufficient. Of course, the CSI-RS overhead will be increased as well if more CSI-RS ports are used to transmit beamformed CSI-RS. In order to reduce the overhead, it is necessary to enhance CSI-RS design by improve CSI-RS utilization efficiency.
· Option1:  Lower CSI-RS frequency density per CSI-RS resource:
A configured CSI-RS resource with lower density can reduce CSI-RS overhead. This also enables multiplexing of multiple CSI-RS resources of the same UE or different UEs in frequency domain. Regarding specification impact, it needs to extend the CSI-RS frequency density and introduce PRB offset for CSI-RS with less specification work.  However, the CSI-RS resources transmission in a slot is limited if large number of CSI-RS ports is configured for each resource. For example, the contribution [3] and [4] show that at most 8 CSI-RS resources each with 32 ports and density of per resource being equal to 0.25 are allowed to transmit in a slot, whereas 4 SD-FD pairs-to-one port mapping in frequency domain allows up to 15 resources and each resource with 8 ports and density of per resource with being equal to 1 in a slot. Since only one SD-FD pair is allowed to map one port according to the agreement made in last meeting [1], 4 SD-FD pairs-to-one port mapping in frequency domain was excluded. However, multiple SD-FD pairs-to-one port mapping in frequency domain can be realized by multiple resource configuration with lower density. E.g., in order to convey 32 SD-FD pairs, 4 CSI-RS resources each with 8 ports and density of per resource with being equal to 0.25 can be configured instead of 4 SD-FD pairs-to-one port mapping in frequency domain. This means that 60 resources each with 8 ports and density per resource with being equal to 0.25 can be transmitted in a slot.
· Option2: Support configuring one or multiple CSI-RS patterns per CSI-RS resource associated with Rel-17 port selection codebook: 
This option introduces new CSI-RS pattern design. It needs to design mapping in frequency domain or time domain for the new pattern, which may be significantly different from the current design of CSI-RS pattern. The specification work will be tremendous. In addition, it is not flexible to transmit CSI-RS if only one pattern is designed. If more than one pattern is designed, it will further increase specification work.
· Option3: Support configuring multiple CSI-RS resources per CSI reporting configuration associated with Rel-17 port selection codebook
As discussed above, more SD-FD pairs can bring higher performance gain. If the number of SD-FD pairs is larger than the maximum number of CSI-RS ports of one CSI-RS resource, it is straightforward to introduce more CSI-RS resources to transmit them in a slot. In addition, it is also flexible to support any number of CSI-RS port by aggregating multiple CSI-RS resources. For example, gNB obtains P = 48 pairs based on uplink channel measurement. Two CSI-RS resources are configured to UE. The antenna port number of the two resources is set to 32 and 16, respectively. Or, three resources each with 16 ports can be configured. The design of multiple CSI-RS resources is aligned with the framework of CSI-RS design. Figure 5 shows one possible pattern of the two configured CSI-RS resources. In this figure, the port indexes of the two resources are jointly numbered to denote that more than 32 SD-FD pairs can be supported by configuring more resources. Moreover, different CSI-RS resources can be flexibly configured in different location in time domain and frequency domain.


Figure 5: The pattern of the two configured CSI-RS resources.
CSI-RS transmission may be collided with other signal or channel if a large number of antenna ports are to be configured in a PRB. For example, assume there are two OFDM symbols for PDCCH, one OFDM symbol for front loaded DMRS, and two OFDM symbols for TRS in a PRB, as shown in Figure 6. If a CSI-RS resource with 32 ports is configured, at most one resource can be configured in the PRB. Or, CSI-RS transmission will collide with the TRS when two CSI-RS resources are configured in the PRB, as shown in Figure 6(a).  However, if CSI-RS resource each with 8 ports is configured, 9 resources with the same pattern can be transmitted in the PRB, as shown in Figure 6(b). If CSI-RS resources each with 8 ports are configured with different patterns, 12 resources can be transmitted in the PRB. We can see that CSI-RS capacity can be improved by flexibly configuring multiple CSI-RS resources. In order to reduce CSI-RS overhead, different resources with low density configuration can be transmitted in different PRBs. For example, the density of both CSI-RS resource 0 and CSI-RS resource 1 is set to 0.5. CSI-RS resource 0 and CSI-RS resource 1 are transmitted in odd PRBs and even PRBs, respectively, as shown in Figure 7. Note that the multiple CSI-RS resources can be mapped to different OFDM symbols so that peak processing complexity can be reduced at UE side.

 
Figure 6: The illustration of more CSI-RS resources transmission in a PRB and potential collision with other signal.


Figure 7: The pattern of the two configured CSI-RS resources with low density configuration.
For this option, since one SD-FD pair is still mapped to one port, the additional specification impact is marginal. Moreover, combination coefficients and effective channel can be calculated in the same way as it does with one CSI-RS resource configuration. Hence, additional calculation is not introduced. 
Proposal-8: Opiton3 or the combination of both Option1 and Option3 is supported.
Enhancement on SRS transmission
Uplink channel which is measured by sending SRS at UE. gNB calculates SD beam and FD beam by utilizing the obtained uplink channel. Let the bandwidth of SRS is W. The l-th tap is the aggregation of the physical paths with delays in [l/W-l/(2W), l/W+l/(2W)]. Each physical path is assumed to associate with a single channel tap. This requires that larger bandwidth is configured for SRS to obtain physical paths with finer resolution delay. Hence, we propose the bandwidth of SRS is configured as same as that of CSI-RS. Three comb size, i.e., 2, 4 and 8 are supported and are used to transmit SRS. Due to the power restriction of UE, SRS coverage is limited when the bandwidth of SRS is much larger and the smaller configured comb value of SRS is used. In order to increase SRS coverage, we prefer the FD density of SRS is configured as same as that of CSI-RS, such as 1RE/RB/Port. Based on the above discussion, we give the following proposal.
Proposal-9: The bandwidth and density of SRS are configured as same as that of CSI-RS to obtain accurate delay information of uplink channel.
1. CSI Enhancement for Multi-TRP/panel Transmission
1.1 
2.1 
Non-PMI based feedback for m-TRP
Due to the advantage in accurate CSI acquisition and better performance, non-PMI based feedback has already been adopted since Rel-15 for NR. To enhance the CSI feedback for M-TRP in Rel-17, it’s natural to extend non-PMI based feedback mechanism to the case with more than one TRP. At least for TDD system, the system can benefit from accurate CSI feedback and lower feedback overhead. Meanwhile, the complexity with precoder selection at UE side can be avoided.
Proposal-10: Non-PMI based feedback can be supported for CSI enhancement for M-TRP.
Inter-TRP interference measurement
To capture the actual channel quality in NC-JT, the interference between coordinated TRPs has to be taken into account in CSI calculation. To that end, for NCJT CSI measurement configured with single reporting setting, at least the following alternatives can be considered.
In the first alternative, as shown in the following figure, a non-precoded CMR (resource 1-1) is used for channel management of TRP1, while the same resource can be configured for interference management when detecting layers from TRP 2. Similarly, resource 1-2 is used for channel management of TRP2, and the same resource can be used for interference management when detecting layers from TRP 1. In such approach, at least three resource settings have to be configured, namely the resource setting for channel measurement, inter-cell interference measurement and inter-TRP interference. 
[image: C:\Users\suxin\Desktop\图片2.png]
Figure 8: Inter-TRP interference measurement Alt-1 for single report setting.
Actually, given the channel measurement of both TRPs in coordination as well as the measurement of inter-cell interference, CSI calculation is solely based on the assumed transmission scheme and detection algorithm at UE side. Therefore, exactly the same functionality as in Alt-1 can be achieved with the configuration shown in the figure as follows. 
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Figure 9: Inter-TRP interference measurement Alt-2 for single report setting.
In Alt-2, resource 1-1 and 1-2 in resource set 1 are configured to measure the channel of TRP 1 and 2 respectively. In addition to that, one more resource, i.e. resource 2-1 in resource set 2, can be configured for CSI-IM based interference measurement. In CSI calculation, the UE assumes that PMI-1/RI-1 and PMI-2/RI-2 are applied to the channel of TRP 1 and 2 respectively in PDSCH transmission.  As NC-JT transmission over the composite channel of TRP 1 and 2 is assumed, inter-TRP interference can be reflected in the reported PMI/RI/CQI. 
Based on the discussion above, it’s noted that to achieve the same functionality, only two resource sets are needed in Alt-2, whereas three resource sets have to be used with Alt-3. What’s more, in current spec, only precoded CSI-RS can be supported if NZP CSI-RS based interference measurement is configured. Therefore, more specification works will be involved if Alt-1 is to be adopted. Therefore, Alt-2 is supported for inter-TRP interference measurement for CSI reporting based on single report setting.
Proposal-11: For CSI reporting based on single report setting, two associated CMR resources in the same resource set are used for channel measurement of two TRPs. In CSI calculation, the UE assumes that in PDSCH transmission, PMI-1/RI-1 and PMI-2/RI-2 are applied to the channel of TRP 1 and 2 respectively. By doing so, inter-TRP interference measurement can be achieved without introducing non-precoded IMR.
In the #103e meeting, the following two options were listed as working assumptions for CSI measurement for M-DCI based NC-JT.
· 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
Based on current spec, inter-TRP interference measurement can already be realized with option 2. However, it’s also noted that in current spec, NZP CSI-RS based interference can only be configured for aperiodic CSI reporting. Furthermore, in the last meeting, it’s agreed that only ‘periodic’ and ‘semiPersistentOnPUCCH’ cases are supported for the above two options. Therefore, if option 2 is to be adopted, NZP CSI-RS based interference measurement has to be supported even in ‘periodic’ and ‘semiPersistentOnPUCCH’ cases. 
If option 1 is to be adopted, the configuration/indication of CMR association needs to be specified in spec. Similar to single report setting case, inter-TRP interference can be reflected in CSI calculation by assuming NC-JT transmission over the channels measured from the associated CMRs. Considering the impacts of the two options on spec, option 1 is slightly preferred.
Proposal-12: Considering the impacts of the two options on spec, option 1 is slightly preferred.
· 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)
Other issues
Regarding the granularity of CQI reporting, it’s agreed that 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
For NC-JT with rank less than 5, the reason to choose one joint CQI rather than one CQI per TRP is to reflect the channel quality in NC-JT transmission more accurately. That is, exactly the same codeword mapping rule as in actual PDSCH transmission is assumed in CSI reporting. 
In current spec, there is no restriction on supporting rank 5-8 for SDM 1a. Even for SDM 1a in Rel-16, one CQI per codeword is reported if the reported rank is more than 4. In Rel-17, if one joint CQI or a CQI per TRP is reported, the network has to have some kind of compensation based on the reported CQI to deduce the MCS suitable for each codeword in scheduling. What’s more, it’s hard to accurately compensate the MCS in link adaptation without considering the actual detection algorithm adopted at UE side. Consequently, the mismatch between reported CQI and PDSCH transmission results in loss in performance. 
One of the motivations to support one CQI per TRP might be to facilitate dynamic switching between single and multi-TRP transmissions. However, based on the following agreements, no matter which alternative is chosen, CSI for single and multi-TRP transmissions are separated. Therefore, it’s not reasonable to assume that CQI for single-TRP transmission need to be deduced from the CQI intended for multi-TRP transmission.
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
Based on the discussion above, we have the following proposal.
Proposal-13: One CQI per codeword is reported even if the reported rank is more than 5 in CSI for NC-JT. 
For single-DCI based transmission, according to the DMRS allocation rule, some certain restriction on possible rank combinations exists. To be specific, ranks from the first and second indicated CDM group can only be 
· Rank 2: 1+1
· Rank 3: 1+2, 2+1
· Rank 4: 2+2
· Rank 5: 2+3
· Rank 6: 3+3
· Rank 7: 3+4
· Rank 8: 4+4
Therefore, in CSI reporting for NC-JT, it’s reasonable to assume that the combinations of rank reported to each of the TRPs should follow the above rule of DMRS allocation. 
Proposal-14: In CSI reporting for NC-JT, the possible combinations of rank reported to each of the TRPs should follow the rule of DMRS allocation.
In Rel-16, in addition to 1a, transmission schemes such as 2a/2b/3 and 4 are also supported, and more new transmission schemes are under discussion in Rel-17 for HST scenario. Therefore, to reflect the actual channel condition in a specific transmission scheme, different assumptions on transmission scheme can be made. 
Proposal-15: Indication/configuration/report on the transmission scheme assumed for CSI calculation can be considered.
For M-DCI based NC-JT, the following two alternatives can be considered for CSI reporting.
· Alt-1: two independent reports, for different TRPs respectively
· Alt-2: one set of report quantities for NC-JT can be reported to any of the two TRPs
If the backhaul is not ideal, supporting two independent reports, i.e. Alt-1, is a reasonable choice. However, if ideal backhaul can be assumed, similar to joint feedback of ACK/NACK via PUCCH for M-DCI based NC-JT, joint feedback of CSI, i.e. Alt-2, can be considered as well. If Alt-2 can be adopted, the CSI feedback overhead can be reduced. Meanwhile, as there is only one resource needs to be occupied with Alt-2, rather than two resources towards different TRPs, the system may benefit from higher flexibility in PUCCH resource allocation. 
Furthermore, the combination of Alt-1 and 2 can be considered as well. In such case, separate reports can be used if the resources for CSI reporting towards different TRPs are different. If resources for CSI reporting towards different TRPs are overlapped, joint CSI reporting can be used.
Proposal-16: Further discuss the following alternatives for CSI reporting of M-DCI based NC-JT.
· Alt-1: Two independent reports, for different TRPs respectively
· Alt-2: One set of report quantities can be reported to any of the two TRPs
· Alt-3: Separate reports (i.e., Alt-1) can be used if the resources for CSI reporting towards different TRPs are different. If resources for CSI reporting towards different TRPs are overlapped, joint CSI reporting (i.e., Alt-2) can be used.
Conclusions
In this contribution we discussed the design details of further enhanced Type II port selection codebook and CSI enhancement for multi-TRP/panel. Our observations or proposals are summarized below.

Observation: 
Observation-1: Port selection based on beam combination coefficients can achieve better performance than that of port selection based on compression coefficients with the same overhead. 
Observation-2:  Compared with using 32 SD-FD pairs, more than 2% and 6% performance gain can be obtained in terms of average and cell-edge UPT by using 48 SD-FD pairs.

Proposals: 
Proposal-1: For , the location of non-zero coefficients are indicated by the port selection indication. 
Proposal-2: Port selection should be polarization-common. 
Proposal-3: If DFT basis vectors are to be configured to UE, they are limited within a window of size N. 
Proposal4: Dynamic indication of   should be considered in order to flexibly shift the delay position. 
Proposa-5: The number of FD components and the selected FD components are to be reported by UE.
Proposal-6: In addition to ,  only  is supported. 
Proposal-7: At least 48 SD-FD pairs shall be supported in specification.
Proposal-8: Opiton3 or the combination of both Option1 and Option3 is supported.
[bookmark: _GoBack]Proposal-9: The bandwidth and density of SRS are configured as same as that of CSI-RS to obtain accurate delay information of uplink channel.
Proposal-10: Non-PMI based feedback can be supported for CSI enhancement for M-TRP.
Proposal-11: For CSI reporting based on single report setting, two associated CMR resources in the same resource set are used for channel measurement of two TRPs. In CSI calculation, the UE assumes that in PDSCH transmission, PMI-1/RI-1 and PMI-2/RI-2 are applied to the channel of TRP 1 and 2 respectively. By doing so, inter-TRP interference measurement can be achieved without introducing non-precoded IMR.
Proposal-12: Considering the impacts of the two options on spec, option 1 is slightly preferred.
· 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)
Proposal-13: One CQI per codeword is reported even if the reported rank is more than 5 in CSI for NC-JT. 
Proposal-14: In CSI reporting for NC-JT, the possible combinations of rank reported to each of the TRPs should follow the rule of DMRS allocation.
Proposal-15: Indication/configuration/report on the transmission scheme assumed for CSI calculation can be considered.
Proposal-16: Further discuss the following alternatives for CSI reporting of M-DCI based NC-JT.
· Alt-1: Two independent reports, for different TRPs respectively
· Alt-2: One set of report quantities can be reported to any of the two TRPs
· Alt-3: Separate reports (i.e., Alt-1) can be used if the resources for CSI reporting towards different TRPs are different. If resources for CSI reporting towards different TRPs are overlapped, joint CSI reporting (i.e., Alt-2) can be used.
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Appendix
Table AI: Evaluation assumptions
	Parameter
	Value

	Duplex 
	FDD 

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban (Macro only) 

	Carrier frequency
	2GHz 

	Inter-BS distance
	200m 

	Antenna setup and port layouts at gNB
	32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 

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

	BS Tx power 
	41 dBm for 10MHz

	BS antenna height 
	25m 

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC
Max code-block size=8448bit 

	Simulation bandwidth 
	10 MHz with 15KHz

	Maximum MU layers
	12

	CSI feedback period and feedback delay
	5 ms and 4 ms

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	70% for SU/MU-MIMO with rank=1

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

	UE receiver
	MMSE-IRC as the baseline receiver



DFT based
 polarization specific (32S6,32S8,32S16,32S24)	64	82	144	194	1	1.0553476158855326	1.1624455481648661	1.2046977332665483	 polarization common (32S6,32S8,32S16,32S24)	54	69	128	181	0.99588501940613783	1.0357832117934358	1.1579439499528561	1.1954931980833838	Overhead (bits)
Relative Average Performance
Eigenvector based
 polarization specific (32S6,32S8,32S16,32S24)	64	82	144	194	1	1.0435753270608314	1.1351928841437371	1.1549930893842246	 polarization common (32S6,32S8,32S16,32S24)	54	69	128	181	0.98782497776886369	1.031553328686398	1.1211589271253461	1.152669540635695	Overhead (bits)
Relative Average Performance
DFT Based
N=Mv=1,K0={32}	64	82	144	194	226	1.227682904346215	N=Mv=2,K0={6,8,16,24,32}	72	92	164	229	288	1	1.0500385632713787	1.1698442351044211	1.2183015263761179	1.2451696555840335	N=Mv=4,K0={6,8,16,24,32}	79	101	183	258	329	0.99647818879071237	1.0417115417513192	1.1670590502742906	1.2154603669823201	1.2456890952624631	Overhead(bits)
Relative Average Performance
Option1 (32S6,32S8,32S16,32S24)	64	82	144	194	0.96965140058012045	1.0338225108366135	1.1439237539004936	1.1978923917231368	Option2 (32S6,32S8,32S16,32S24)	64	82	144	194	1	1.0553476158855326	1.1624455481648648	1.2046977332665483	Overhead (bits)
Relative Average Performance
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