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Introduction
In RAN1#102-e meeting, the following agreements on CSI enhancements for FDD with partial reciprocity were achieved [1].
Agreement
Taking Type II port selection codebook enhancement (based on Rel.15/16 Type II port selection) as a starting point, study following aspects, taking into account trade-off among UE complexity, performance and reporting/RS overhead: 
· Enhancement on codebook structure, e.g.,:   
· (Alt 1)Enhancement based on R16 Type II PS CB type structure 
· Enhancements on W1 quantization, e.g., 
· With enhanced port selection in W1  
· With modified value range of L taking into account beamforming mechanism for CSI-RS;
· With layer-specific port selection
· Enhancements on Wf quantization, e.g., 
· With a smaller value of Mv 
· With a modified value range of R
· With multiple values of Mv for different SD basis
· With enhanced FD basis selection in  Wf 
· Restrictions/Relaxation, e.g. 
· for the size of the PMI indicators for SD basis, FD basis and bitmap.
· How UE distinguishes SD basis and FD basis or in a pre-defined set
· Enhancement on W2 quantization: coefficients for selected ports
· (Alt 2)Enhancement based on R15 Type II PS CB type structure 
· Enhancement on W1 quantization, e.g.,: enhanced port selection, X out of P SD-FD pairs are selected 
· XP (if polarization independent) or P/2 (if polarization common) whereas P  PCSI-RS  only or P can be larger than PCSI-RS 
· How to map P SD-FD pairs into PCSI-RS CSI-RS ports and inform to UE
· Enhancement on W2 quantization: coefficients for the selected X pairs 
· etc.
· Enhancements on indication/reporting mechanism, e.g.: 
· Separate triggering for reporting of  W1 and Wf  (for Alt 1) or reporting of W1 and the rest of the PMI components (for Alt 2)
· Report only a subset of PMI components 
· Enhancement on SD/FD basis indication, selection and reporting mechanism 
· UE reporting to support gNB calibration including UL/DL time difference;
· CQI enhancements, e.g., CQI reporting mechanism considering FDD reciprocity
· etc.
· Enhancements on RS triggering/signaling/transmission mechanism, e.g. for SRS and/or CSI-RS, CSI-RS utilization conveying one or more SD-FD pairs per port, timing restrictions between SRS and CSI-RS transmission, etc
· Other enhancement are not excluded
It was agreed in RAN1#103-e meeting that port selection codebook enhancements utilizing DL/UL reciprocity of angle and/or delay is supported in Rel-17. In addition, the following agreements were achieved [2].
Agreement
Study following alternatives, and select one or a combination of multiple alternatives for Rel-17 in RAN1#104-e:
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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
On codebook design for Rel-17 port selection (PS) codebook  
In RAN1#103e meeting, multiple alternatives for Rel-17 PS codebook design were identified. One or a combination of those multiple alternatives is to be selected. In this subsection, we give our views on these alternatives.
Before discussing the codebook design, we firstly elaborate the beamforming design of CSI-RS at gNB. The beam for a CSI-RS port can be an SD beam or a combination of SD and FD beam to design a SD-FD pair as explained in [3]. The SD beam and FD beam are calculated according to the UL channel. Since both SD beam and FD beam can be DFT vector or eigenvector (of UL channel), there are four options to design the beams.
· Option-A: Both SD beam and FD beam are DFT vectors.
· Option-B: SD beam is eigenvector, while FD beam is DFT vector.
· Option-C: Both SD beam and FD beam are eigenvectors which are calculated individually.
· Option-D: SD and FD beam are jointly calculated by using eigen-decomposition of the UL spatial-frequency channel.
In order to study the difference of the alternatives for Rel-17 PS codebook identified in [2], we assume one SD-FD pair is mapped to one CSI-RS port. In the next subsection, we will discuss other mechanisms of conveying SD-FD pair using CSI-RS ports. These alternatives are discussed from the aspects of SD-FD pair design at gNB, combination coefficients calculation for all layers, and potential impact on system performance. Since Alt0 is a special case of Alt1~Alt5, it is discussed in the end of this subsection.
· On Alt1/Alt2:
If one SD-FD pair is mapped to one CSI-RS port, i.e. for Alt2, Alt1 and Alt2 are essentially the same. According to the estimated UL channel through SRS at gNB, SD-FD pair can be designed by using any one of above options. It is quite flexible for gNB to design CSI-RS beam.
At UE side, the effective channel of each port for all frequency units are estimated from the beamformed CSI-RS. Note that the frequency unit can be a PRB or subband. In the following discussion, we assume the frequency unit is a PRB unless explicitly stated otherwise. One potential way of calculating combination coefficients is summing the effective channel corresponding to this port across all frequency units. For example, for the p-th port, the estimated effective channel of  PMI frequency units is . The combination coefficient of this port can be calculated as
                                                                                    (1)
Similarly, the combination coefficients of the remaining ports can be obtained, i.e., , where Nr and P are the number of receive antennas and CSI-RS ports, respectively. Then, the combination coefficients  for l-th layer can be obtained by implementing eigen-decomposition of . At last, given that all combination coefficients of the l-th layer are reported, gNB could calculate the PDSCH precoder by  , where  is a port selection matrix, is the i-th element of  and  is the beam of the i-th port. 
· On Alt3/Alt4/Alt5:
Alt3, Alt4 and Alt5 are based on the structure of . For this codebook structure,  is introduced and it can be designed as a DFT matrix or a selection matrix. That is, they can be divided into two categories according to the design of .
· Category1:  is a DFT matrix: 
Alt3-0, Alt3-1 and Alt5 belong to this category. Assume that there are X FD components corresponding to delay paths of UL/DL channel for a spatial beam. In order to obtain the coefficients of all the delay paths of DL channel for the beam, beamformed CSI-RS through X ports could be sent. CSI-RS overhead increases as the number of FD components for the beam increases. In order to reduce the overhead, let M FD components be fixed. The remaining FD components can be respectively shift to the M components by using cyclic shift. The M FD components are configured or indicated to UE through so that UE knows the shifted locations of FD components. At gNB, it may just need X/M ports to send beamformed CSI-RS and the X/M ports correspond to the same SD beam. At UE, the coefficients of all delay paths for the beam can be calculated according to the estimated effective channel of X/M ports and the configured or indicated. As discussed above, the same SD beam is used for X/M ports. Since the SD-FD  pair is obtained by using eigen-decomposition for Option-D, it is difficult to separate SD beam and FD beam. Option-D cannot be adopted for Category1. This restricts the flexibility of SD-FD pair design at gNB. Assume that  is configured or indicated to UE, and P SD-FD pairs are transmitted through P CSI-RS ports. For the p-th port, the combination coefficient for the -th DFT beam can be calculated as
                                                              (2)
Then, the combination coefficients of the p-th port for the remaining DFT beams, i.e., , can be calculated. Similarly, one can obtain the combination coefficients corresponding to all ports and DFT beams. Then, the combination coefficients for l-th layer can be obtained by implementing eigen-decomposition of , which is similar as that of Alt1/2. At last, given that all combination coefficients of the l-th layer are reported, gNB could calculate the PDSCH precoder by using,where  and  respectively denotes the selected SD and FD beam which are calculated from UL channel, denotes the i-th row and the m-th column element of , and  denotes the Hadamard product. 
For Alt3-0 and Alt5, the DFT beam matrix shall be dynamically configured or indicated to UE. This may introduce new fields for RRC, MAC-CE or DCI, and incurs additional downlink overhead to configure/indicate the DFT beam to UE. According to above discussion, we have the following observations.
Observation-1:
· For Category1, SD-FD  pair design is not flexible when  is a DFT matrix, e.g., Option-D cannot be employed to design CSI-RS beam.
· Additional downlink overhead is introduced if the DFT matrix is configured or indicated to UE.
· Category2:  is a selection matrix: 
The SD-FD pair design and combination coefficients of Alt3-2 are similar to that of Alt1/2. The main difference is that is introduced. In our view, can be incorporated into  if it is a selection matrix. E.g.,  can be rewritten as  after some mathematical manipulation. If one CSI-RS port corresponds an SD-FD pair and a coefficient, the port selection indication can be used to indicate the location of non-zero coefficients. Thus, it does not need to report non-zero coefficient indication if structure of  is adopted,  and the indication overhead of non-zero coefficients can be saved.
For Alt4, it requires that the same SD beam is used for each port group. This implies that Option-D for designing SD-FD pair cannot be used, which imposes unnecessary restriction on beamforming design at gNB. In addition, each group has to include K5 ports corresponding to K5 delay path for each SD beam. In realistic propagation environment, the number of delay paths for each SD beam may be different. gNB should be allowed to freely select the number of delay paths for each SD beam based on UL channel. It is not reasonable to restrict each group to have the same number of ports.
Based on above discussion, the following observation and proposal are given.
 Observation-2:
·  can be incorporated into so that  is used to flexibly indicate selected ports and also non-zero coefficients location if  is a selection matrix.
· It is not reasonable to impose the restriction that each group has the same number of ports. 
Proposal-1:  is used as Rel-17 PS codebook structure.
For Alt0 and, all SD-FD pairs are selected by gNB. The system performance may be degraded if UL/DL channel reciprocity is not perfect, while the selected beams may be inaccurate for DL channel. But it can save indication overhead of port selection. In order to show the performance when  is an identity matrix, the relative performance and overhead comparison between two cases, i.e., Case1 that  is an identity matrix, and Case2 that  is a selection matrix, are given in Figure 1. The detail simulation assumptions are given in Table AI in the appendix. In the figure, xSy denotes y ports are selected from x ports. We can see that the performance of Case 2 is always better than that of Case 1 at the same overhead.   
 
Figure 1: Relative performance vs. overhead
Proposal-2: For ,   should be a selection matrix.
Mapping between SD-FD pair and CSI-RS antenna port
In RAN1#103e meeting, different mechanisms of the mapping SD-FD pair to CSI-RS antenna port were discussed online and offline, and the following proposals were discussed. 
	Proposal 4: Investigate the need for conveying more SD-FD bases than CSI-RS ports, and if the need is justified,  evaluate following mechanisms, by taking into account the trade-off among UE complexity, performance and reporting overhead by port selection codebook enhancements 
· Note considering one-to-one mapping between SD-FD/SD basis and CSI-RS port, up to 32 CSI-RS ports per resource,  and CSI-RS density 0.5, as a starting point 
· The mechanism of conveying SD-FD beamforming bases using CSI-RS ports, e.g.
· FDM: mapping    SD-FD/SD bases FDMed  into single CSI-RS port at frequency domain
· CDM: mapping  SD-FD bases CDMed into single CSI-RS port at frequency domain 
· Lower CSI-RS frequency density per CSI-RS resource: e.g. 0.25 
· A CSI  across multiple CSI-RS resources: i.e.  equals to total number of CSI-RS ports across multiple CSI-RS resources
· A CSI across multiple time slots: i.e. P_(CSI-RS) equals to total number of CSI-RS ports across multiple time slots
· Any combination of above examples and other mechanisms are not precluded
· FFS: how to specify the mapping between multiple SD-FD bases in a CSI-RS port or across multiple CSI-RS resources or across multiple time slots in PMI quantization and associated CQI determination  
· FFS: the impact on R > 1  
· Note that supporting up to 32 SD-FD bases across all CSI-RS resource(s) is prioritized for PS codebook enhancement in Rel-17.
· Other mechanisms are not precluded
@Mod: RS will be taken into account by performance as agreed by EVM, ports can be generalized to more across resources, keep title relatively simple. 


According to the above proposals, we should first decide whether it is necessary to convey more SD-FD pairs than CSI-RS ports of a single resource. The maximum number of CSI-RS ports per CSI-RS resource in current specification is 32. In our view, if remarkable gain can be achieved, it is necessary to support more than 32 SD-FD pairs in specification. In Figure 2, performance comparison between different number of SD-FD pairs which respectively designed by DFT and eigenvector are given. As shown in the figure, compared with 32 SD-FD pairs, more than 2% and 6% performance gain can be achieved in terms of average and cell-edge UPT by using 48 SD-FD pairs. Therefore, it is necessary to support more than 32 SD-FD pairs in specification. 
	
	

	
	



Figure 2:  Performance comparison for different number of SD-FD pairs
Observation-3:  Compared with using 32 SD-FD pairs, more than 2% and 6% performance gain can be obtained in terms average and cell-edge UPT by using 48 SD-FD pairs.
Proposal-3: At least 48 SD-FD pairs shall be supported in specification.
For conveying SD-FD pairs through CSI-RS ports, multiple options were discussed in the last meeting. In the following, we will analyze them in terms of computation complexity at UE, CQI calculation and specification impact.
· Option1:  Lower CSI-RS frequency density per CSI-RS resource:
For this option, we assume that the mapping between SD-FD pair and CSI-RS port is one to one. Due to the low CSI-RS density configuration, only the effective channel for a subset of PRBs in a CQI subband can be estimated. It does not introduce additional calculation process for UE compared with Rel-15/16 Type II PS codebook. Regarding specification impact, it needs to extend the CSI-RS frequency density and introduce PRB offset for CSI-RS. The introduced PRB offset enables multiplexing of multiple CSI-RS resources of the same UE or different UEs in frequency domain. 
· Option2:  FDM: 
For this option, multiple SD-FD pairs are mapped to one port in frequency domain. This can also reduce DL CSI-RS overhead. At UE side, UE will first de-map the multiple SD-FD pairs from one port, and then calculate the combination coefficients separately for multiple SD-FD pairs. The combination coefficients can be calculated by using expression (1). But only the effective channel of the PRBs containing beamformed CSI-RS can be used to calculate coefficients. In Figure 3, an example of using the estimated effective channel for each SD-FD pairs to calculate CQI by is given. In the figure,  denote the estimated effective channel by the n-th SD-FD pair in a PMI subband with 4 PRBs, the CQI subband is also set to 4 PRBs, and there are 4 SD-FD pairs mapping to the p-th port in frequency domain. As shown in the figure, there is one effective channel in a PMI subband for each SD-FD pair to calculated CQI. 


Figure 3:  An example of using the estimated effective channels for each SD-FD pair to calculate CQI by using Option2.
According to current specification, PDSCH symbols are assumed to be mapped to antenna ports while calculating CQI, as given by
	                                                              (3)
Where  is a vector of PDSCH symbols from the layer mapping, is the number of CSI-RS ports for one CSI-RS resource, and  is the precoding matrix. This definition shows that there could be only one pair for one port. If multiple SD-FD pairs are mapped to one port, large specification impact is expected.

· Option3: CDM: 
During last meeting, two ways are proposed, i.e., DFT vector and binary based OCC, to map multiple SD-FD pairs to one port within the same frequency domain resource.
· DFT vector based:
Assume the downlink bandwidth is  PRBs. Four DFT vectors  are (pre-)configured to UE. In order to map four SD-FD pairs to one port by using , the beam of CSI-RS can be designed as at gNB, where  and  denote the n-th SD beam and FD beam, respectively. Note that  and/or  can be same for different n, but  is different for different n.  At UE, the combination coefficient corresponding to n-th SD-FD pair can be calculated as
.                                                                                    (4)
Then, all the linear combination coefficients of all SD-FD pair can be calculated using the method illustrated in Section 2.1.
Only one effective channel in each frequency unit can be estimated through the beamformed CSI-RS, and the estimated channel is the summation of effective channel of the four SD-FD pair on a port. It is difficult to calculate the effective channel which is used to calculate CQI for the four SD-FD pair, respectively. In order to obtain them, one potential way is to solve a set of equations by assuming that the effective channel is the same in a PMI subband. This assumption is valid only when the channel variation is quite slow in a PMI subband. For example, there are 4 PRBs in a PMI subband. The effective channel corresponding to the four SD-FD pair in t-th PMI subband is denoted as , and the estimated effective channel of the i-th PRB in the subband is denoted as . We can obtain all effective channel  in a PMI subband by solving the following equations.
                                          (5)
where  denotes the i-th element of  Compared with Option1 and Option2, this option obviously increases the UE complexity of calculating CQI. Moreover, as discussed before, lots of specification efforts are also required to redefine the mapping between SD-FD pairs and CSI-RS ports.
· Binary based
If binary based OCC are applied to map multiple SD-FD pairs to one port, it requires that the channel after precoding is almost flat on the PMI subband, so that the orthogonality of OCC is kept. In order to make channel after precoding change gently, the FD beam should be kept same on each PMI subband for each SD-FD pair. However, the amplitude or phase of channel after precoding may be changed drastically due to channel variation in a PMI subband. In Figure 4, the amplitude and phase of the channel after precoding with the same SD beam and different FD beam are given. The PMI subband is set to 2 PRBs and the total bandwidth is 52 PRBs. In the figure, in order to clearly show the variation, only amplitude and phase variation in 12 PRBs are given. As shown in the figure, the amplitude and phase change drastically in some PMI subbands. In such case, the orthogonality of OCC would be broken.
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Figure 4: Amplitude and phase of effective channel variation for the two SD-FD pairs in the partial bandwidth
· Option4: TDM: 
In different time slot, fast fading plays a vital role on the amplitudes/phases of UL and DL channel. Assume each SD-FD pairs is mapped to one CSI-RS port. If multiple SD-FD pairs are transmitted at different symbols in a slot, this option may be feasible since the amplitudes of UL and DL channel are almost kept same in a slot.  However, if some SD-FD pairs are transmitted in different slots, the calculated combination coefficients for the same SD-FD pair may be different due to impact of different fast fading at multiple slots, especially in the case that user are moving in high speed. 
· Option5: A CSI  across multiple CSI-RS resources
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 using 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 16 ports can be configured. Figure 5 shows one possible pattern of the two configured CSI-RS resources. In this figure, the port indexes of the two resources are be jointly numbered to denote that more than 32 SD-FD pairs can be supported by configuring more resources. 


Figure 5: The pattern of the two configured CSI-RS resources
CSI-RS transmission may be collided with other signal or channel if more CSI-RS resources are transmitted in a PRB.  In order to address the issues, 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 6.


Figure 6: The pattern of the two configured CSI-RS resources with lower density configuration
For this option, since one SD-FD pair is still mapped to one port, the specification impact is marginal. Moreover, combination coefficients and effective channel can be calculated in the same way as Option1 or Option2. Hence, additional calculation is not introduced. 
In last meeting, multiple CSI-RS resources configured in the same resources set were agreed for supporting channel measurement of M-TRP CSI acquisition. Considering the consistency of framework, multiple CSI-RS resources configured in a resource set can be used to estimate channel for a single TRP for the enhanced Type II codebook design. 
In addition, compared with other options, Option5 is more flexible for CSI-RS resources configuration. For example, the multiple resources can be configured in the same or different PRBs, one the same or different OFDM symbols.
Proposal-4: More than one CSI-RS resource can be configured for mapping SD-FD pair to CSI-RS port.
Port selection of Rel-17 PS codebook
According to agreement of last meeting, port selection could be polarization-common or polarization-specific. In this subsection, performance evaluations are given to compare the two options in terms of tradeoff between performance and overhead. In Figure 7, performance vs. overhead comparisons between polarization-specific and polarization-common based on both DFT vector and eigenvector are given. In the simulation, Alt1, i.e., , is assumed. It can be observed that polarization-common achieves better tradeoff between performance and overhead.


Figure 7: Performance vs. overhead comparisons between polarization-specific and polarization common based on DFT vector and eigenvector for R17 PS CB
Based on the above observation, we give the following proposal.
Proposal-5: Port selection should be polarization-common.
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 frequency domain 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.
[bookmark: _GoBack]Proposal-6: The bandwidth and density of SRS is configured as same as that of CSI-RS to obtain accurate delay information of uplink channel.
Enhancement on non-zero coefficients quantization and indication
As discussed in Section 2.3, each SD-FD pair can be mapped to one CSI-RS port by configuring one or more CSI-RS resources. The port indication can be used to indicate non-zero coefficients due to the fact that beams and ports are one-one mapping. Therefore, we have the following proposal. 
Proposal-7: Non-zero coefficients are indicated by using port indication information. 
1. CSI Enhancement for Multi-TRP/panel Transmission
1.1 
2.1 
Non-PMI based feedback for m-TRP
In the last meeting, it’s agreed that at least ‘typeI-SinglePanel’ codebook is supported for CSI enhancement for multi-TRP transmission. In addition to that, it’s noted that due to the advantage in accurate CSI acquisition and better performance, non-PMI based feedback has already been adopted since Rel-15 for NR. Therefore, to enhance the CSI feedback for M-TRP, it’s a natural choice 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-8: 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. 
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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-9: 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 last 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-10: 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 in the last meeting 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 in the last meeting, 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-11: 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-12: 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-13: 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-14: 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:
· For Category1, SD-FD pair design is not flexible when  is a DFT matrix, e.g., Option-D cannot be employed to design CSI-RS beam.
· Additional downlink overhead is introduced if the DFT matrix is configured or indicated to UE.
Observation-2:
·  can be incorporated into so that  is used to flexibly indicate selected ports and also non-zero coefficients location if  is a selection matrix.
· It is not reasonable to impose the restriction that each group has the same number of ports. 
· Observation-3:  Compared with using 32 SD-FD pairs, more than 2% and 6% performance gain can be obtained in terms average and cell-edge UPT by using 48 SD-FD pairs.

Proposals: 
Proposal-1:  is used as Rel-17 PS codebook structure.
Proposal-2: For ,   should be a selection matrix.
Proposal-3: At least 48 SD-FD pairs shall be supported in specification.
Proposal-4: More than one CSI-RS resource can be configured for mapping SD-FD pair to CSI-RS port.
Proposal-5: Port selection should be polarization-common.
Proposal-6: The bandwidth and density of SRS is configured as same as that of CSI-RS to obtain accurate delay information of uplink channel.
Proposal-7: Non-zero coefficients are indicated by using port indication information. 
Proposal-8: Non-PMI based feedback can be supported for CSI enhancement for M-TRP.
Proposal-9: 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-10: 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-11: One CQI per codeword is reported even if the reported rank is more than 5 in CSI for NC-JT. 
Proposal-12: 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-13: Indication/configuration/report on the transmission scheme assumed for CSI calculation can be considered.
Proposal-14: 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



W1 is an identity matrix (i.e.,8S8,16S16,24S24)	56	113	170	1	1.099572792085235	1.1433525255648749	W1 is a selection matrix
(i.e.,32S8,32S16,32S24)	64	82	144	194	1.0598695723746074	1.1529176337167146	1.1730269967085281	Overhead (bits)

Relative Average Performance


DFT based
32 SD-FD pairs	48 SD-FD pairs	64 SD-FD pairs	1	1.0226657099345493	1.0327989345559019	Relative Average Performance
Eigenvector based
32 SD-FD pairs	48 SD-FD pairs	64 SD-FD pairs	1	1.0265509332551148	1.0298238684288439	Relative Average Performance
DFT based
32 SD-FD pairs	48 SD-FD pairs	64 SD-FD pairs	1	1.0624992155756587	1.0879998039705958	Relative Cell-edge Performance
Eigenvector based
32 SD-FD pairs	48 SD-FD pairs	64 SD-FD pairs	1	1.0737704068664662	1.1101696053662686	Relative Cell-edge Performance
DFT based
 polarization specific (32S6,32S8,32S16,32S24)	64	82	144	194	1	1.0553476158855326	1.1624455481648659	1.2046977332665483	 polarization common (32S6,32S8,32S16,32S24)	54	69	128	181	0.99588501940613783	1.0357832117934358	1.1579439499528559	1.1954931980833838	Overhead (bits)
Relative Average Performance
Eigenvector based
 polarization specific (32S6,32S8,32S16,32S24)	64	82	144	194	1	1.0435753270608314	1.1351928841437351	1.1549930893842246	 polarization common (32S6,32S8,32S16,32S24)	54	69	128	181	0.98782497776886369	1.031553328686398	1.1211589271253453	1.152669540635695	Overhead (bits)
Relative Average Performance
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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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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  


