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Introduction
In RAN1#106-e meeting, the following agreements on CSI enhancements for FDD with partial reciprocity and Multi-TRP/Panel transmission were achieved [1].
	On FDD CSI

Agreement
For Rel-17 PS codebook, support layer-common port selection for rank 2.

Agreement
For Rel-17 PS codebook with Rank 2, support layer-specific bitmap for indicating non-zero coefficient selection of W2.

Agreement
Support parameter combinations represented by (alpha, Mv, beta) with K1 = alpha*P for Rel-17 PS codebook
· The candidate values of alpha are {1/2, 3/4, 1}
· Note that exact parameter combination will be discussed from RAN1 106bis: 
· based on trade-off among UPT performance, feedback overhead, and complexity
· based on all supported ranks
· Limit total number of parameter combinations comparable to Rel-16 eType II
· Mv={1, 2} and beta = {[1/4], 1/2, 3/4, 1} are from previous agreements

Agreement
Following working assumption is confirmed:
· At least for rank 1 and 2, FD bases used for Wf quantization are limited within a single window with size N configured to the UE whereas FD bases in the window must be consecutive from an orthogonal DFT matrix, i.e. Alt 1.
· FFS other restrictions, e.g. value(s) of N, if the value of N3 is small
· FFS other restrictions, e.g. when the number of CSI-RS ports is small

Conclusion
For Rel-17 PS codebook, there is no consensus on the support of Mv>2 for Wf.
Agreement
At least for rank 1/2 and Mv > 1, for relationship between N and Mv, support following alternative
· Alt 2-1: N >= Mv, Wf is layer-common and reported by UE for N>Mv.
· For Mv=2, N=2 and one value from {3, 4, 5}
· RAN1 to select one value from {3, 4, 5} in RAN1#106bis-e
· FFS: how to report Wf in terms of reporting mechanism and associated bits when Mv=2 and N=one value from {3, 4, 5}
Note: Wf is layer-common for N=Mv
Note: For all alternatives, a layer-common window/set of size N is configured.

Agreement
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For Rel-17 PS codebook, following values of R are supported:
· R = 1 and
· At most one value from {2, D* NPRBSB}
· FFS: which one is to be decided in RAN1#106bis if support, and applicable conditions, e.g. whether the support of this feature when Mv=1
· D is the density of CSI-RS in frequency domain and NPRBSB is the subband size in PRBs
· Note that this R is optional if supported
Agreement
For Rel-17 PS codebook, the reserved state for reference amplitude is to be reserved as Rel-16 PS codebook. 

Agreement
For Rel-17 PS codebook, support reporting of the position, [il*, fl*], of the strongest coefficient (SCI) of layer l, using ceil(log2(K1*Mv)) bits

Agreement
For Rel-17 PS codebook with Rank 2, support layer-specific bitmap for indicating non-zero coefficient selection of W2.

Agreement
If a bitmap for indicating non-zero coefficients can be absent, down-select one Alt from the following for Rel-17 PS codebook:
· Alt 1: At least for rank 1 PMI, the bitmap of indicating non-zero coefficients is not needed if Mv=1 and Beta=1.
· FFS the need for Mv>1 and/or Beta<1
· Alt 2: For rank 1 /2 PMI, the bitmap(s) of indicating non-zero coefficients for corresponding layer(s) is absent if reported KNZ=K1*Mv*rank
· Where KNZ is the number of non-zero coefficients
· Alt 3: In addition to Alt 2, additional field is reported by UE to inform whether the bitmap of indicating non-zero coefficients for specific layer is absent if rank>1.
· Alt 4: The bitmap of indicating non-zero coefficients is not needed if the number of coefficients is sufficiently small, i.e. K1Mv ≤ δ
Note: If none of above Alternative is agreed in RAN1#106bis-e, the bitmap for indicating non-zero coefficient is always present by default.

Agreement
Support rank 3 and 4 for Rel-17 PS codebook with following:
· Supporting ranks 3 and 4 is optional with separate UE capability (same as Rel-16 PS codebook)
· The maximal CSI overhead of rank 3 and 4 is comparable to rank 2
· FFS: use a smaller K1 (or alpha) or beta for ranks 3 and 4, or limit the maximum number of non-zero coefficients across all layers to 2K0 and per layer to K0 with the same beta
· FFS: limit Mv=1 for ranks 3 and 4 PMI

On M-TRP CSI
Conclusion: 
Default value of Ks, max can be discussed later with Rel-17 MIMO UE capability.

Agreement
For CSI measurement associated to a NCJT measurement hypothesis in Rel-17, the maximal number of total transmission layers is up to 4 layers.  

Agreement
For the UE configured to report X CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis (i.e. Option 1), the bitwidth associated to X+1 CRI(s) are given as following:
· Ceil(log2(N)) for X=0
· Ceil(log2(N)) in CSI associated with NCJT measurement hypothesis and Ceil(log2(M1+M2)) in CSI associated with Single-TRP measurement hypothesis for X=1
· Ceil(log2(N))  in CSI associated with NCJT measurement hypothesis and Ceil(log2(M1))  and  Ceil(log2(M2)) in CSI associated with Single-TRP measurement hypothesis for X=2
· Note that M1 (M1<=K1) and M2 (M2<=K2) is the number of CMRs configured for Single-TRP measurement hypothesis in the first and second CMR groups respectively in a CMR measurement set.

Agreement
For the UE be configured to report one CSI associated with the best one among NCJT and single-TRP measurement hypotheses (i.e. Option 2),
· Alt 1: the first M1+M2 codepoints of CRI corresponds to M1+M2 CMRs for Single-TRP measurement hypothesis and the second N codepoints corresponds to N CMR pairs for NC-JT measurement hypothesis.
· Note that M1 (M1<=K1) and M2 (M2<=K2) is the number of CMRs configured for Single-TRP measurement hypothesis in the first and second CMR groups respectively in a CMR measurement set. 

Agreement
For CSI measurement associated with a CSI-ReportingConfig for NC-JT, study following restriction(s) for two CMRs within the same CMR pair configured for NCJT measurement hypothesis:
· FFS: two resources are restricted within the same DL slot
· FFS: two resources are restricted with the same CDRX active time

Agreement
For a CMR pair configured for a NCJT measurement hypothesis, study following Alternatives:
· Alt 1: a separate powerControlOffset (Pc ratio) shall be configured for the NCJT measurement hypothesis by re-defining such Pc ratio as 10log10(P_PDSCH/P_CSIRS) dB, whereas
· P_PDSCH is the energy of PDSCH ports with a same TCI state as the CMR on one subcarrier of one OFDM symbol
· P_CSIRS is the energy of all CSI-RS ports of the CMR multiplexed on one subcarrier of one OFDM symbol
· Alt 2: re-interpret two Pc ratios configured for the CMR pair for the NCJT measurement hypothesis, FFS detailed impact of specification
· Alt 3: No change to definition or configuration of Pc ratio
· Note that other solutions are not excluded.

Agreement
For CSI computation delay requirement associated with a CSI-ReportingConfig for a NCJT measurement hypothesis, study following alternatives:
· Alt1: introducing new/relaxed values on Z and Z’, FFS exact values or other conditions
· Alt2: No changes of values on Z and Z’

Agreement
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT measurement hypothesis, study whether to support non-PMI CSI reporting with reportQuantity set to "CRI-RI-CQI" in Rel-17
· Related details, if needed, are to be discussed in RAN1#106bis.
· Interested companies are encouraged to share details and related specification impact if support

Agreement
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, support RI restriction by selecting at most one alternative from the following in RAN1#106bis-e: 
· Alt 1: One RI restriction is configured per CodebookConfig, whereas the RI restriction is applied to both Single-TRP and NCJT measurement hypotheses. 
· If rank restriction of X is configured, reported rank is X for a Single-TRP measurement hypothesis and sum of two reported ranks is X for a Multi-TRP measurement hypothesis. 
· Alt 2: Two RI restrictions can be configured per CodebookConfig, whereas one RI restriction is applied to one CMR group in a CMR resource set respectively, i.e. per TRP. 
· If rank restriction of (X, Y) is configured, reported rank is X for the CMR in the first CMR group and Y for the CMR in the second CMR group, regardless single-TRP and NCJT measurement hypotheses. 
· Alt 3: Multiple RI restrictions can be configured per CodebookConfig, whereas RI restriction is applied to per each CMR in CMR pair for NCJT and per each CMR for Single-TRP.  
· Alt 4: Two RI restrictions can be configured per CodebookConfig, whereas one RI restriction is applied to all Single-TRP measurement hypotheses, and another one is applied to all NCJT measurement hypotheses. 
· If rank restriction of (X, Y) is configured, reported rank is X for all single-TRP measurement hypotheses and reported rank (1 out of 4 possible rank combinations) is Y for all NCJT measurement hypotheses. 
· Alt 5: Three RI restrictions can be configured per CodebookConfig, whereas two RI restrictions are applied to two CMR groups in a CMR resource set respectively for Single-TRP measurement hypothesis, and the third one is applied to all NCJT measurement hypotheses. 
· If rank restriction of (X1, X2, Y) is configured, reported rank is X1, X2 for each CMR group respectively for single-TRP measurement hypotheses and reported rank (1 out of 4 possible rank combinations) is Y for all NCJT measurement hypotheses.
· Alt 6: Switch between Alt 4 and Alt 5 where gNB can configure via RRC signaling which alternative to use
Note that if none of above Alternatives is agreed in Rel-17, RI restriction is only applied for Single-TRP measurement hypotheses and no RI restriction is applied for Multi-TRP measurement hypotheses.

Agreement
For CSI measurement associated with a CSI-ReportConfig for NC-JT, support following Alt:
· Alt 3: For CMRs configured in the CSI-RS resource set, support RRC signalling to enable/disable single-TRP measurement hypothesis using CMRs configured within CMR pairs for NCJT measurement hypothesis

Agreement
To confirm the order of UCI payload construction for reported CSIs, study following Alternatives and down-select one or more Alternative(s) for required specification changes in RAN1 106bis:
· Alt 1: modify priority equation, i.e., Section 5.2.5 in 38.214.
· Alt 2: modify the table of priority reporting levels for Part 2 CSI, i.e., Table 5.2.3-1 in 38.214.
· Alt 4: modify mapping order of CSI fields of one CSI report, i.e., Table 6.3.2.1.2-3/4/5 in 38.212


In this contribution, remaining issues on CSI enhancements for FDD with partial reciprocity and Multi-TRP/Panel transmission will be respectively discussed.
Enhancement on port selection codebook
In this section, the remaining issues on rank=1 and the design on rank 3 or 4 are further discussed. The possible parameter combinations for different ranks are provided. Then, the details on CSI reporting, omission of Part2 CSI and rank restriction are given, respectively. 
Remaining issues on rank=1
According to above agreements on CSI enhancement for FDD with partial reciprocity in [1], some remaining issues on   and  design for rank=1 are left to be further discussed. 
The remaining issues on  design
The remaining issues on  design for rank=1 include: 1) The values of R; 2) The difference between OFF and ON with =1; 3) The values of N and how to report if N>.
· Issue1: The values of R
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]As per the agreement of last meeting [1], R=1 is supported, and at most one value from {2, D*NPRBSB } is to be supported where D and NPRBSB denote the density of CSI-RS in frequency domain and the number of PRB in a CQI subband, respectively.  In our view, it is not necessary to configure R when. The reason is that the feedback overhead and system performance are irrelevant to R, since the reported PMI is same in entire bandwidth no matter which value of R is configured.
When , the three factors, i.e., performance, feedback overhead and UE complexity should be considered to determine the value of R. Since, larger R leads to finer granularity of PMI. Finer granularity of PMI could help to improve accuracy of CQI as well. Thus, larger R could achieve better performance than R=1. If the same number of non-zero coefficient (NZC) is reported, the feedback overhead is invariant to different values of R. 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. According to (1), the computation complexity for compression coefficient calculation is dependent on CSI-RS configuration and is not related to R. Therefore, R should be set to a value as large as possible, e.g., . However, due to CSI-RS configuration, some frequency units may not include CSI-RS when the density of CSI-RS is smaller than one, i.e., D<1. For such case, the estimated channel   for some frequency units may not be available since there is no CSI-RS transmission in these frequency units. Then, it is reasonable that the maximum value of R is set to D*NPRBSB. Compared with , the complexity of R>1 for PMI construction is larger. Especially, when large bandwidth part and D=1 are configured, e.g., 272 PRBs, , the computation complexity is obviously increased compared with R=1. In order to address this issue, we can define a threshold . If , R=D*NPRBSB. Otherwise, R=1. The value of  can be FFS. According to above discussions, we have the following observation and proposal.
Observation-1: When, R is not needed.
Proposal-1:
·  R  D*NPRBSB} should be supported in addition to R=1 when , where D and NPRBSB respectively denote the density of CSI-RS in frequency domain and the number of PRB in a CQI subband.
· R is configured as  D*NPRBSB if , where  denotes the number of CQI subbands. Otherwise, R=1.  can be FFS.
· Issue2: The difference between OFF and ON with =1
According to the agreement in [2],  can be turned off by gNB. When turned off,   is an all-one vector. When  is turned on and =1,   is also an all-one vector. But different companies have different views on the vector length of  when  turn OFF and ON with =1, and three alternatives are provided to illustrate the relationship between them in [3]. During the RAN1#106-e meeting, the three alternatives were discussed, and the following proposal was provided during offline discussion. 
	Proposal 5-1: For Rel-17 PS codebook
− Wf OFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length N3
− Support pmiReportingFormat = WB if N3=1, and pmiReportingFormat = SB if N3>1
− FFS: the case when no SB size is configured (from RAN1#105-e agreement)


[bookmark: OLE_LINK17][bookmark: OLE_LINK18]In our view, no matter the length of all-one vector, the performance, feedback overhead and UE complexity are always kept same. From this perspective, OFF and ON with =1 are same. According to above discussion on the issue 1, when =1, it does not need to configure R since the PMI matrix is same on entire bandwidth. In such case,  cannot be calculated by using . When bandwidth is less than 24 PRBs, the subband size is not configured. Then, the value of  cannot be calculated, which results that  cannot be calculated by using  as well. For both cases, the value  can be predefined as 1. This implies that the PMI is wideband reporting for Rel-17 port selection codebook. In order to indicate that the CSI reporting setting is wideband frequency-granularity for Rel-17 port selection codebook, pmi-FormatIndicator can be reused. Otherwise, the CSI reporting setting is subband frequency-granularity according to the current specification, which is not consistent with the wideband PMI reporting when is turned OFF.
Proposal-2: 
· When  = 1, the length N3 is predefined as 1.
· pmi-FormatIndicator is used to indicate whether PMI is wideband for Rel-17 port selection codebook when Wf  is turned OFF. 
· Issue3: The values of N and how to report if N>
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In [1], N=2 has been supported and one value from {3, 4, 5} needs to be selected. According to our simulation results provided in [4] and [5], the performance tends to saturate when N = 2 for large number of CSI-RS port P, e.g., P=16 or 32, if =2. Compare with N=, N=4 can bring performance improvement especially for smaller P value, e.g., P=4. The performance gain for N> is still limited when P=8. Considering the non-ideal partial reciprocity between uplink and downlink channel or timing offset, N may lead to performance degradation. In order to overcome this issue, N> is supported for any number of CSI-RS ports [1]. The same phase shifting on PMI calculation for each subband does not have impact on system performance. Therefore, when , UE can implement phase shifting for the selected  FD bases, such that the first FD basis, i.e., the basis of all-one vector, is always selected. The other basis can be indicated through  bits if N>. The indication overhead of FD basis selection is same for N=4 and 5. Larger window size has advantage over smaller window size in term of performance. Hence, N=5 is preferred.
Proposal-3: 
· N=5 is supported in addition to N=2.
· The first FD basis is always selected and the other FD basis is indicated through  bits if N> .
The remaining issues on  design
There is still one remaining issue on  design, i.e., whether/how the bitmap of NZC indication can be absent. Let  and = respectively denote the real number of NZC reported by UE for the l-th layer and total number of NZC, where denotes RI value. When , UE can report all the coefficients for rank , i.e.,  . In such case, it is not necessary to report the bitmap for NZC indication. Hence, the indication overhead of NZC is saved, which does not have impact on system performance. Assume the uplink resource allocation for CSI reporting is fixed. Compared with reporting the bitmap of NZC indication, omitting the bitmap can lead to lower code rate due to less CSI reporting payload.
Observation-2: The bitmap for indicating non-zero coefficients should be absent, which leads to lower code rate due to less CSI reporting payload. 
In [1], four alternatives are provided to indicate the bitmap for indicating NZC is absent. For Alt 1 and Alt 4, it depends on the codebook parameter configuration whether the bitmap can be absent. But it has agreed that UE should determine the real number of NZC in [2]. UE can report the number of NZC less than   even  or . For such case, the bitmap cannot be absent. For Alt 2, if , this implies that UE reports all coefficients of  layers. In such case, gNB can suppose that the bitmap of non-zero indication for layers is absent according to the reported number of NZC across layers. Otherwise, the bitmap is not absent. Compared with Alt 2, Alt 3 can explicitly indicate whether the bitmap is absent for each layer. Alt 3 is a simple and direct way to indicate the existence of the bitmap although additional  bits are introduced. The additional  bits are marginal compared with the total feedback overhead. 
Proposal-4: Existence of the bitmap depends on the reported number of non-zero coefficients and additional indication information if rank>1, i.e., Alt3.
The design on rank 3 or 4
According to the agreement on Rel-17 port selection codebook in [1], rank 3 and 4 are supported. In this subsection, we will discuss the design of the parameters,  and  for rank=3 or 4.
· On  Design
For rank 2, it has agreed that port selection is layer-common in [1] due to its better tradeoff between performance and overhead than layer-specific. In addition, the dimension of eigenvalue value decomposition (EVD) for calculating combination coefficients is  for layer-common, while the dimension of EVD is  for layer-specific. If , i.e., , the computation complexity of layer-common is less than that of layer-specific. For rank 3 or 4, the indication overhead of port selection is 3 or 4 times of rank 1 if layer-specific is adopted when . According to our simulation results in [5], layer-specific does not bring obvious performance gain over layer-common when rank=2. This implies that all layers utilize the same beam does not have significant impact on system performance for high rank. Therefore, port selection should also be layer-common for rank 3 or 4, which can reduce the computation complexity of EVD for calculating combination coefficients when .  
Proposal-5: Port selection is layer-common for rank 3 or 4.
· On  Design
For rank 2,  FD bases is supported and selected from the configured FD basis window with size N if N> , and  is layer-common due to its better tradeoff between performance and overhead and less computation complexity for calculating combination coefficients. For rank 3 or 4,  FD bases should also be supported to overcome the non-ideal reciprocity of uplink and downlink channel or timing offset. In [5], the simulation results show that the performance of layer-specific is similar to that of layer-common for  when P>4 and N>. Considering layer-specific has larger feedback overhead and computation complexity than layer-common, we prefer that  is layer-common for higher rank. 
Proposal-6: is layer-common for rank 3 or 4 and selected from the configured FD basis with window size N if N>.
· On  Design 
It has been agreed that layer-specific bitmap for indicating NZC selection of  was supported for rank 2 [1], since the locations of NZC for different layers are different. According to our observation, the NZC locations of different layers are also different for rank 3 or 4. Therefore, the indication of NZC should be layer-specific for higher rank. 
Proposal-7: The indication of non-zero coefficients for rank 3 or 4 should be layer-specific.
Parameter combination 
In order to choose parameter combinations that can achieve the best performance-overhead tradeoff, performance evaluations for different parameter combinations are given. Since  can be turned off or on by gNB, =1 and  should be considered respectively to determine parameter combinations.
Parameter combination when =1
· Rank = 1
Firstly, in order to determine the values of , let ,  be set to 2, 4, 8, 12, 16, 24, 32 and  be set to 1/2, 3/4 or 1, respectively, such that  are in{2, 4, 8, 12, 16, 24, 32}. The simulation results are shown in Figure 1. The performance of Rel-16 Type II port selection codebook is taken as baseline. The detail evaluation assumptions are given in Table AI in the Appendix. We can see that the performance of  is worse than that of the other configurations even though it has least feedback overhead. Therefore,  is not supported. When, the performance of  can achieve the optimum compared for different number of CSI-RS port configurations. The performance of  and  can also achieve better performance than that of Rel-16 Type II port selection codebook with less feedback overhead when . Although the performance of with  and with   is slightly worse than that of Rel-16 Type II port selection codebook, the feedback overhead is significantly reduced compared with the least feedback overhead of Rel-16 Type II codebook. The least feedback overhead is calculated according to Table AI. When, both the performance and overhead of  are significantly degraded compared with . 
 
Figure 1: Performance vs. overhead comparisons for different number of CSI-RS ports and different number of selected ports, rank=1，.
Observation-3: When and 1, the performance of  is worse than that of the other configurations even though it has least feedback overhead.
Observation-4: When and, the performance of 1/2, 3/4 and  can also achieve better or similar performance than that of Rel-16 Type II port selection codebook with the same feedback overhead. 
Note that the reported number of NZC is same for some parameter configurations when P is fixed. For example, Combination-1 is comprised of P=32,  and . Combination-2 is comprised of P=32, and . The number of NZC reported is 16 for both Combination-1 and Combination-2. But they have different feedback overhead. In order to choose the better parameter combination, the performance-overhead tradeoff for different number of CSI-RS port with  and different values of , or  and different values of  is given in Figure 2. 

Figure 2: Performance vs. overhead comparisons for different number of CSI-RS port with  and different values of  or  and different values of , rank=1
We can see that the performance of  with different values of  can bring slight performance improvement with the same overhead compared with  with different values of. Note that the overhead of indicating NZC is included in the total overhead.
Observation-5: When , compared with  with different values of , with different values of  bring slight performance improvement with the same overhead. 
According to discussion on the omission of the bitmap of NZC indication, the bitmap can be absent. Assume that the bitmap is not reported for , with different  can achieve same or better tradeoff than  with different , as shown in Figure 3.

Figure 3: Performance vs. overhead comparisons for different number of CSI-RS port with  and different values of  or  and different values of , rank=1.
Observation-6: When, compared with with different , with different can achieve the same or better performance with the same overhead if the bitmap for indicating non-zero coefficient is absent.
In order to verify the performance impact of different values of,  is set to 1/4, 1/2, 3/4 and 1, P=, i.e., . The performance evaluations are given in Figure 4. We can see that performance is degraded as the value of  decreases. When, the best performance is obtained. When, the same performance can be achieved by configuring smaller value of  with the similar overhead. Hence, it is not necessary to configure the values of.

Figure 4: Performance vs. overhead comparisons for different number of selected ports and different  values, rank=1.
Observation-7: The system performance decreases as the value of  decreases.
· Rank = 2
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Similar with rank=1, we have evaluated system performance for different parameter combinations when rank adaption is adopted for rank 2. For simplicity, the number of CSI-RS ports is set to 8, 16 and 32, respectively. The relative average performance vs. overhead for different number of CSI-RS port with  and different values of, or  and different values of  is given in Figure 5 for rank 2. 

Figure 5: Performance vs. overhead comparisons for different number of CSI-RS port with  and different values of  or  and different values of , rank=2
Assume the bitmap is not reported for. The relative average performance vs. overhead for different number of CSI-RS ports with  and different values of, or  and different values of  are given in Figure 6 for rank 2.

Figure 6: Performance vs. overhead comparisons for different number of CSI-RS port with  and different values of  or  and different values of , rank=2.
We have the similar observation for rank 1 and 2, i.e., compared with  with different values of , with different values of  bring marginal performance improvement with the same overhead. However, if the bitmap for indicating NZC is absent, compared with with different values of, with different values of achieve same or better tradeoff.
According to the agreement [1], the maximal CSI overhead of rank 3 and 4 is comparable to rank 2. The main CSI overhead comes from the overhead of the reported NZC. For simplicity, we can limit the maximum number of NZC per layer and across all layers to K0 and 2K0 for rank 3 and 4, respectively, where. The parameter combinations of rank 3 and 4 are same to that of rank 1 and 2. Based on above observations and discussions, we give the following proposal on parameter combinations for Rel-17 port selection codebook when =1. 
Proposal-8: 
· The following parameter combinations can be considered for Rel-17 port selection codebook when 
	
	
	

	1
	1/2
	1

	1
	3/4
	

	1
	1
	

	Note: 
· is selected as the largest value in {2, 4, 8, 12, 16, 24, 32}  and.
· P=2 is not supported when.


· When, the maximum number of non-zero coefficients per layer and across all layers are respectively limited to  and 2 for rank 2, 3 and 4, where.
Parameter combination when =2
· Rank = 1
Similar to =1, different values of  are firstly evaluated to determine its values. Let ,  be set to 4, 8, 12, 16, 24, 32,  be set to 1/2, 3/4, 1, and 2. The simulation results are given in Figure 7. 

Figure 7: Performance vs. overhead comparisons for different number of CSI-RS ports and different number of selected ports, rank=1.
We can observe that the performance of Rel-17 port selection codebook is not much better or even worse than that of Rel-16 Type II port selection codebook with the same feedback overhead. The reason is that the performance improvement of =2 is limited compared with =1, as shown in Figure 8. 

Figure 8: Performance comparisons for different number of CSI-RS ports,  and  for rank=1.
There are respectively about 3~4% and 1~3% performance gain for  when =2. However, the overhead of  is significantly larger than that of  due to more NZC reported and indication overhead of NZC increased. The consequence is that  cannot achieve better tradeoff between performance and overhead if all coefficients are reported, i.e.,. This implies that  should not be supported when P>16. The performance of  is the worst in among all configurations although it has least feedback. Hence,  is not supported as well. We still observe that the performance of with  and  with 1/2, 3/4 and  is similar to that of Rel-16 Type II port selection codebook with the same overhead. Hence, for =2,  with 1 and with 1/2, 3/4 and  can be considered as well. In order to reduce feedback overhead, smaller value of, e.g., =1/2 or 3/4 can be configured if there is no much more performance loss. The values of  will be selected based on the simulation results in Figure 10. 
Observation-8: When and 1, the performance of  is worse than that of the other configurations even though it has least feedback overhead.
In order to choose the better parameter combinations, the performance vs. overhead for different number of CSI-RS port with  and different values of, or  and different values of  is given for =2 in Figure 9. It can be observed that 1 with different values of  can bring obvious performance improvement with the same overhead compared with  with different values of. The possible reason is that the NZC can be only selected from the limited number of CSI-RS ports when, while 1 with different values of  does not have such restriction. 

Figure 9: Performance vs. overhead comparisons for different number of CSI-RS port with  and different values of  or  and different values of , rank=1.
Observation-9: Compared with  with different values of, 1 with different values of  can achieve better performance with the same overhead.
 
Figure 10: Performance vs. overhead comparisons for different number of selected ports and different  values, rank=1.
Figure 10 shows the performance evaluations of different values of. In the simulation, =2 and  are configured, i.e., =1. We can observe performance of  is no much better than that of  when  ports. In addition, the overhead of P=24, 32 with =1 and P=32 with =3/4 is significantly larger than that of Rel-16 Type II port selection codebook. The overhead of =3/4 is also larger than the maximum overhead of Rel-16 Type II port selection codebook. Hence, P=24, 32 with =1 and P=32 with =3/4 are not supported. When, the performance is improved as the value of  increases. Therefore, =1/2, 3/4 and 1 can be supported. 
· Rank = 2
Similar with rank=1, we have evaluated system performance for different parameter combinations when rank adaption is adopted for rank 2 and =2.Assume the bitmap for indicating NZC is not reported for  and =2. The relative average performance vs. overhead for different number of CSI-RS ports with  and different values of, or  and different values of  are given in Figure 11.

Figure 11: Performance vs. overhead comparisons for different number of CSI-RS port with  and different values of  or  and different values of , rank=2 and the total overhead does not include the bitmap overhead for indicating NZC.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]When =2, we also have the same observation for rank 1 and 2, i.e., 1 with different  values of   can bring obvious performance improvement with the same overhead compared with  with different value of .  Similar with =1, the parameter combinations of rank 3 and 4 are same to that of rank 1 and 2 when =2, and the maximum number of NZC per layer and across all layers are respectively limited to K0 and 2K0 for rank 3 and 4. Based on above observations and discussions, we give the following proposal on parameter combinations for Rel-17 port selection codebook when =2. 
Proposal-9:
· The following parameter combinations can be considered for Rel-17 port selection codebook when.
	
	
	

	2
	1
	1/2

	2
	
	3/4

	2
	
	1

	Note: the following combinations is not supported
· P,1, .
· P32, 1, 
· P=2 is not supported when 


· When, the maximum number of non-zero coefficients per layer and across all layers are respectively limited to  and 2 for rank 2, 3 and 4, where.
CSI reporting and omission
CSI reporting
For Rel-16 Type II port selection codebook, a CSI report comprise of two parts, i.e., Part 1 and Part 2. Part 1 contains RI, CQI, and an indication of the overall number of NZC across layers. Part 2 contains the indication of port selection, the indication of the strongest coefficients, the indication of the selected FD basis, the starting point of the FD basis window for, the reference amplitude, the indication of NZC, amplitude and phase of NZC. The codebook structure of Rel-17 ports selection codebook is  which is same to that of Rel-16 Type II port selection codebook. The coefficient quantization and indication of NZC of Rel-17 port selection codebook are same to that of Rel-16 Type II port selection codebook. Except the starting position of the FD basis window for , the other reported contents are same for both codebook types. Hence, the CSI reporting design of Rel-17 Type II port selection codebook should comprise of two parts as well, and the contents of Part 1 and Part 2 are given in Table 1.
Table 1: Part 1 and Part 2 for CSI reporting of Rel-17 port selection codebook
	Two parts of CSI reporting
	The content of each part

	Part 1
	RI
	CQI
	The overall number of NZC across layers

	Part 2
	The indication of port selection
	The indication of the strongest coefficients
	The indication of the selected FD basis
	The reference amplitude
	The indication of NZC
	The amplitude of NZC
	The phase of NZC


Proposal-10: The CSI report comprises of Part 1 and Part 2 for of Rel-17 port selection codebook as shown in the table.
	[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Two parts of CSI reporting
	The content of each part

	Part 1
	RI
	CQI
	the overall number of NZC across layers

	Part 2
	The indication of port selection
	The indication of the strongest coefficients
	The indication of the selected FD basis
	The reference amplitude
	The indication of NZC
	The amplitude of NZC
	The phase of NZC


CSI omission
In current specification, it was supported that CSI omission occurs when the allocated uplink resource for UCI is not sufficient for full CSI reporting. During discussion on CSI omission on Rel-16 Type II port selection codebook, the designed UCI omission scheme should meet the following principle when CSI omission occurs:
1. CSI calculation is identical to that for without omission – otherwise the UE may end up recalculating the CSI if UCI omission occurs.
a. When UCI omission occurs, the associated CQI may not be calculated conditioned on the PMI after omission
2. The occurrence of UCI omission can be inferred from the associated CSI report without any extra signalling.  
3. The resulting UCI payload after omission should not be ambiguous.
4. When CSI omission occurs, dropping all NZCs associated with any particular layer should not be done. 
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]For the purpose of CSI omission, the parameters in CSI Part 2 is divided into 3 groups where Group n is of a higher priority than Group (n+1), n=0, 1. Since the reporting parameters of Rel-17 port selection codebook is similar to that of Rel-16 Type II port selection codebook as discussed above, the contents in CSI Part 2 for Rel-17 port selection codebook should be similar to that of Rel-16Type II port selection codebook. Therefore, the reporting parameters of Rel-17 port selection codebook should also be divided into following three groups:
· Group 0: The indication of port selection and the indication of the strongest coefficients.
· Group 1: The indication of the selected FD basis, the reference amplitude, the highest priority NZC and corresponding indication. 
· Group 2: The lowest priority NZC and corresponding indication.
[bookmark: _Hlk25262362][bookmark: OLE_LINK19][bookmark: OLE_LINK20] For Rel-16 Type II port selection codebook, priority value  with  is defined to distinguish which NZC or indication of NZC has highest priority, where , , and . There are up to two FD basis for Rel-17 port selection codebook. Hence, it is not necessary to permute  the index of FD basis for the defining the priority value . For simplicity, the priority value  can be defined as , where , , and .
Proposal-11: 
· Three groups of Part 2 for CSI Omission for Rel-16 Type II port selection codebook is reused for Rel-17 port selection codebook.
· The priority value = is used to omit CSI for Rel-17 port selection codebook.
Rank restriction
For Rel-15/16 Type II codebook, RI restriction is supported to efficiently manage the interference or implement MU-MIMO scheduling by gNB. Hence, it’s straightforward to support RI restriction for Rel-17 port selection codebook. A new value “typeII-PortSelectionRI-Restriction-r17” can be introduced to indicate which layer is restricted.
Proposal-12: Rank restriction is supported forRel-17 port selection codebook. 
1. CSI enhancement for Multi-TRP/panel Transmission
In the section, the remaining issues on CSI enhancement for Multi-TRP/Panel transmission are discussed.
CSI measurement of S-DCI based NCJT 
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 the scenarios with channel reciprocity. For non-PMI based feedback, each CSI-RS port is associated with a potential layer. To reduce overhead of reporting the set of CSI-RS ports, gNB can indicate a set of CSI-RS ports for each value of RI if the UE is configured with higher layer parameter non-PMI-PortIndication. Then, the assumed set of CSI-RS ports in CSI calculation is reflected by the reported RI; if the UE is not configured with higher layer parameter non-PMI-PortIndication, the default association of CSI-RS port index and rank is pre-defined in the current specs.
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 For NCJT transmission scheme,   layers are transmitted form TRP 1 and  layers are transmitted form TRP 2 in SDM scheme. According to current agreement on NCJT measurement hypothesis, up to 4 layers are considered in CSI enhancement for NCJT. Furthermore, only four combinations of RI are supported. Therefore to associate CSI-RS ports and RI in non-PMI based CSI reporting, one of the following alternatives is needed.
· 


Alt 1: a sequenceof port indices are configured for each CMR used for NCJT measurement, where and  are the sets of CSI-RS port indices associated with rank=1 and 2 respectively. For each CMR in the selected CMR pair, UE reports a RI. Therefore, for NCJT hypothesis, one CRI, two RIs and one CQI are reported.  In such case, up to 2 bits are needed for reporting of two RIs.
· 

Alt 2: a sequenceof port indices are configured for each CMR pair used for NCJT measurement, where  are the sets of CSI-RS port indices associated with rank=v.  
· 

For rank=2 (i.e., v1=1, v2=1), and are port indices from resource 1 and 2 respectively. 
· 

For rank=3 while v1=2 and v2=1, and  are sets of port indices from resource 1 and 2 respectively.
· 

For rank=3 while v1=1 and v2=2,  and  are sets of port indices from resource 1 and 2 respectively.
· 

For rank=4 (i.e., v1=2, v2=2), and  are sets of port indices from resource 1 and 2 respectively.
· For each CMR pair, UE reports a RI wherein the set of CSI-RS port indices combined from the pair of CMRs is indicated. Therefore, for NCJT hypothesis, similar to legacy report quantities of non-PMI feedback, one CRI, one RI and one CQI are reported. In this case, up to two bits are needed for RI reporting.
Proposal-13 : For non-PMI based feedback, one of the following alternatives is needed.
· 


Alt 1: a sequenceof port indices are configured for each CMR used for NCJT measurement, where and  are the sets of CSI-RS port indices associated with rank=1 and 2 respectively. For each CMR in the selected CMR pair, UE reports a RI. Therefore, for NCJT hypothesis, one CRI, two RIs and one CQI are reported.  In such case, up to 2 bits are needed for reporting of two RIs.
· 

Alt 2: a sequenceof port indices are configured for each CMR pair used for NCJT measurement, where  are the sets of CSI-RS port indices associated with rank=v.  
· 

For rank=2 (i.e., v1=1, v2=1), and are port indices from resource 1 and 2 respectively. 
· 

For rank=3 while v1=2 and v2=1, and  are sets of port indices from resource 1 and 2 respectively.
· 

For rank=3 while v1=1 and v2=2,  and  are sets of port indices from resource 1 and 2 respectively.
· 

For rank=4 (i.e., v1=2, v2=2), and  are sets of port indices from resource 1 and 2 respectively.
· For each CMR pair, UE reports a RI wherein the set of CSI-RS port indices combined from the pair of CMRs is indicated. Therefore, for NCJT hypothesis, similar to legacy report quantities of non-PMI feedback, one CRI, one RI and one CQI are reported. In this case, up to two bits are needed for RI reporting.
Inter-TRP interference measurement
To capture the actual channel quality in NCJT, 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 measurement when calculating the channel quality of TRP 2. Similarly, resource 1-2 is used for channel measurement of TRP2, and the same resource can be used for interference measurement when calculating the channel quality of 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: 说明: 说明: C:\Users\suxin\Desktop\图片2.png]
Figure 12: 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. 
[image: 说明: 说明: C:\Users\suxin\Desktop\图片1.png]
Figure 13: 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 NCJT 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-1. 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. 
Proposal-14: 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.
Power control ratio for NCJT
In Rel-15, powerControlOffset or “Pc ratio” is configured per NZP CSI-RS resource and is defined as ratio of PDSCH EPRE to NZP CSI-RS EPRE when UE derives CSI feedback. More accurate definition of Pc ratio for Rel- 15 was concluded as below:
	Conclusion (RAN1 #96bis)
It is common understanding in RAN1 that:
· The powerControlOffset (“Pc”) ratio is defined as [image: ] dB
· Where
· PPDSCH is the energy of total PDSCH ports multiplexed on one subcarrier of one OFDM symbol
· PCSIRS is the energy of all CSI-RS ports multiplexed on one subcarrier of one OFDM symbol



In Rel-17, when CMR is used in a CMR pair for a NCJT hypothesis, the CMR is from one TRP while “total PDSCH ports” are from both TRPs. So the current Pc ratio assumption and definition is not accurate for a NCJT hypothesis. In last meeting, the following alternatives were discussed for re-definition of power control ratio based NCJT.
· Alt 1: a separate powerControlOffset (Pc ratio) shall be configured for the NCJT measurement hypothesis by re-defining such Pc ratio as 10log10(P_PDSCH/P_CSIRS) dB, whereas
· P_PDSCH is the energy of PDSCH ports with a same TCI state as the CMR on one subcarrier of one OFDM symbol
· P_CSIRS is the energy of all CSI-RS ports of the CMR multiplexed on one subcarrier of one OFDM symbol
· Alt 2: re-interpret two Pc ratios configured for the CMR pair for the NCJT measurement hypothesis, FFS detailed impact of specification
For Alt 1, the definition of CSI-RS ports and PDSCH ports is consistent when the CMR is from one TRP and PDSCH ports are also from that TRP. Furthermore, this separate powerControlOffset (Pc ratio) can also apply for single-TRP hypotheses. For Alt 2, two Pc ratios increase computational complexity and specs influence. Hence, Alt 1 is preferred.
Proposal-15: For power control ratio of NCJT, Alt 1 is preferred.
·  Alt 1: a separate powerControlOffset (Pc ratio) shall be configured for the NCJT measurement hypothesis by re-defining such Pc ratio as 10log10(P_PDSCH/P_CSIRS) dB, whereas
· P_PDSCH is the energy of PDSCH ports with a same TCI state as the CMR on one subcarrier of one OFDM symbol;
· P_CSIRS is the energy of all CSI-RS ports of the CMR multiplexed on one subcarrier of one OFDM symbol.
CSI measurement of M-DCI based NCJT 
In the #103e meeting, the following two options were listed as working assumption for CSI measurement of M-DCI based NCJT.
· 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
It seems that 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 previous 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 NCJT transmission over the channels measured from the associated CMRs. Considering the impacts of the two options on spec, option 1 is slightly preferred.
Proposal-16: 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)
CSI Reporting Enhancements
RI restriction
In Rel-15, a UE can be configured with a CSI-ReportingConfig containing CodebookConfig configured with one RI restriction. The single RI restriction with a bitmap is used to indicate allowed rank indicator for all Single-TRP measurement hypotheses configured by CSI-ReportingConfig. 
In Rel-17, single-TRP and NCJT measurement hypotheses are both configured by single CSI reporting setting. So how to configure RI restriction(s) associated with single-TRP/NCJT measurement hypotheses configured by single CSI reporting setting should be further discussed. In RAN1#106-e meeting, there are six alternatives for RI restriction:
· Alt 1: One RI restriction is configured per CodebookConfig, whereas the RI restriction is applied to both Single-TRP and NCJT measurement hypotheses. 
· Alt 2: Two RI restrictions can be configured per CodebookConfig, whereas one RI restriction is applied to one CMR group in a CMR resource set respectively, i.e. per TRP. 
· Alt 3: Multiple RI restrictions can be configured per CodebookConfig, whereas RI restriction is applied to per each CMR in CMR pair for NCJT and per each CMR for Single-TRP.  
· Alt 4: Two RI restrictions can be configured per CodebookConfig, whereas one RI restriction is applied to all Single-TRP measurement hypotheses, and another one is applied to all NCJT measurement hypotheses. 
· Alt 5: Three RI restrictions can be configured per CodebookConfig, whereas two RI restrictions are applied to two CMR groups in a CMR resource set respectively for Single-TRP measurement hypothesis, and the third one is applied to all NCJT measurement hypotheses. 
· Alt 6: Switch between Alt 4 and Alt 5 where gNB can configure via RRC signaling which alternative to use
In our opinion, the channel condition for single-TRP and NCJT measurement hypotheses is usually different. So Alt 1, i.e. one RI restriction both for single-TRP and NCJT measurement hypotheses, may not be suitable for each measurement hypotheses. Alt 4 and Alt 5 are both separate RI restriction for single-TRP and NCJT measurement hypotheses. And compared with Alt 4, separate RI restriction for each CMR group can be configured additionally in Alt 5 because that each CMR group is associated with one TRP. In addition, since either Alt 4 or Alt 5 can flexibly restrict each measurement hypotheses, Alt 6 is no needed for minimize specs impact.
Based on above analysis, Alt 4 and 5 are slightly preferred.
Proposal-17: For RI restriction(s) associated with single-TRP/NCJT measurement hypotheses configured by single CSI reporting setting, Alt 4 and 5 are slightly preferred.
· Alt 4: Two RI restrictions can be configured per CodebookConfig, whereas one RI restriction is applied to all Single-TRP measurement hypotheses, and another one is applied to all NCJT measurement hypotheses. 
· Alt 5: Three RI restrictions can be configured per CodebookConfig, whereas two RI restrictions are applied to two CMR groups in a CMR resource set respectively for Single-TRP measurement hypothesis, and the third one is applied to all NCJT measurement hypotheses. 
PMI/RI sharing
For CSI reporting associated with one NCJT and X single-TRP measurement hypotheses (i.e. Option 1), some companies proposed PMI/RI sharing mechanisms between NCJT CSI and single-TRP CSI(s) to reduce CSI computational complexity and CSI overhead. For this feature, one issue is whether PMI/RI sharing is driven by gNB, or by UE. In our opinion, gNB should determine whether to enable this feature based on the UL traffic status. Therefore, RI/PMI sharing between single-TRP and NCJT measurement hypotheses can be supported for Option 1 with X={1, 2}. RI/PMI sharing can be enabled or disabled by the gNB.
Proposal-18: RI/PMI sharing between single-TRP and NCJT measurement hypotheses can be supported for Option 1 with X={1, 2}. RI/PMI sharing can be enabled or disabled by the gNB. 
CSI reporting of M-DCI based NCJT
For M-DCI based NCJT, 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 NCJT 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 NCJT, 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-19: Further discuss the following alternatives for CSI reporting of M-DCI based NCJT.
· Alt-1(separate feedback): Two independent reports, for different TRPs respectively
· Alt-2(joint feedback): 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.
CSI reference resource for NCJT
For CQI calculation, based on current specs, the UE should assume that PDSCH signals on antenna ports for ν layers would result in signals equivalent to corresponding symbols transmitted on antenna ports [3000,…, 3000+P-1], as given by




where  is a vector of PDSCH symbols and v is PDSCH transmission layers,  is the number of CSI-RS ports. If only one CSI-RS port is configured, W(i) is 1. If the higher layer parameter reportQuantity in CSI-ReportConfig for which the CQI is reported is set to either 'cri-RI-PMI-CQI' or 'cri-RI-LI-PMI-CQI', W(i) is the precoding matrix corresponding to the reported PMI applicable to x(i). If the higher layer parameter reportQuantity in CSI-ReportConfig for which the CQI is reported is set to 'cri-RI-CQI', W(i) is assumed to be the identity matrix scaled by .
For Rel-17 CSI enhancement for NCJT transmission, as a pair of CMRs is used for measurement, in CQI calculation, the UE should assume that the v layers are mapped to the CSI-RS ports of that pair of CMRs. 
· PMI based feedback for NCJT
As shown below, in CQI calculation, the UE can assume that layers transmitted from TRP 1 (i.e., ) is mapped to the set of CSI-RS ports of one CMR (i.e.,)  while the layers from TRP 2 (i.e., ) is mapped to the paired CMR (i.e., ). Meanwhile the precoding matrix corresponding to the reported PMI from TRP i respectively.
 = 
 = 

· non-PMI based feedback for NCJT
In this case, as discussion in Clause 3.1.1, each CSI-RS port is associated with a potential layer in non-PMI based feedback. Depending on whether higher layer parameter non-PMI-PortIndication is configured or not, the following mapping rules can be assumed by the UE for CQI calculation. 
· Case 1: When the UE is configured with higher layer parameter non-PMI-PortIndication, as shown below,   and are the sets of layers transmitted from TRP 1 and TRP 2 respectively while   and  are the sets of CSI-RS ports from the two paired CMRs respectively.  Meanwhile is the identity matrix scaled by   , whereis rank of TRP i.
 = 
 = 
· Case 2: When the UE is not configured with higher layer parameter non-PMI-PortIndication, similar to case 1,   and are the sets of layers transmitted from TRP1 and TRP2 respectively while    and  are the sets of CSI-RS ports from the two paired CMRs respectively. Meanwhile is the identity matrix scaled by   , whereis rank of TRP i.
 = 
 = 
Proposal-20: For CSI reference resource definition the assumption of mapping between layers and CSI-RS ports should be specified and the rules elaborated in section 3.4 can be considered. 
1.1 
2.1 
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.
[bookmark: _GoBack]Observations on port selection codebook: 
Observation-1: When, R is not needed.
Observation-2: The bitmap for indicating non-zero coefficients should be absent, which leads to lower code rate due to less CSI reporting payload.
Observation-3: When and 1, the performance of  is worse than that of the other configurations even though it has least feedback overhead.
Observation-4: When and, the performance of 1/2, 3/4 and  can also achieve better or similar performance than that of Rel-16 Type II port selection codebook with the same feedback overhead. 
Observation-5: When , compared with  with different values of , with different values of  bring slight performance improvement with the same overhead. 
Observation-6: When , compared with with different , with different can achieve the same or better performance with the same overhead if the bitmap for indicating non-zero coefficient is absent.
Observation-7: The system performance decreases as the value of  decreases.
Observation-8: When and 1, the performance of  is worse than that of the other configurations even though it has least feedback overhead.
Observation-9: Compared with  with different values of, 1 with different values of  can achieve better performance with the same overhead.

Proposals on port selection codebook:
Proposal-1:
·  R  D*NPRBSB} should be supported in addition to R=1 when , where D and NPRBSB respectively denote the density of CSI-RS in frequency domain and the number of PRB in a CQI subband.
· R is configured as  D*NPRBSB if , where  denotes the number of CQI subbands. Otherwise, R=1.  can be FFS.
Proposal-2: 
· When  = 1, the length N3 is predefined as 1.
· pmi-FormatIndicator is used to indicate whether PMI is wideband for Rel-17 port selection codebook when Wf  is turned OFF. 
Proposal-3: 
· N=5 is supported in addition to N=2.
· The first FD basis is always selected and the other FD basis is indicated through  bits if N> .
Proposal-4: Existence of the bitmap depends on the reported number of non-zero coefficients and additional indication information if rank>1, i.e., Alt3.
Proposal-5: Port selection is layer-common for rank 3 or 4.
Proposal-6: is layer-common for rank 3 or 4 and selected from the configured FD basis with window size N if N>.
Proposal-7: The indication of non-zero coefficients for rank 3 or 4 should be layer-specific.
Proposal-8: 
· The following parameter combinations can be considered for Rel-17 port selection codebook when 
	
	
	

	1
	1/2
	1

	1
	3/4
	

	1
	1
	

	Note: 
· is selected as the largest value in {2, 4, 8, 12, 16, 24, 32}  and.
· P=2 is not supported when.


· When, the maximum number of non-zero coefficients per layer and across all layers are respectively limited to  and 2 for rank 2, 3 and 4, where.
Proposal-9:
· The following parameter combinations can be considered for Rel-17 port selection codebook when.
	
	
	

	2
	1
	1/2

	2
	
	3/4

	2
	
	1

	Note: the following combinations is not supported
· P,1, .
· P32, 1, 
· P=2 is not supported when 


· When, the maximum number of non-zero coefficients per layer and across all layers are respectively limited to  and 2 for rank 2, 3 and 4, where.
Proposal-10: The CSI report comprises of Part 1 and Part 2 for of Rel-17 port selection codebook as shown in the table.
	Two parts of CSI reporting
	The content of each part

	Part 1
	RI
	CQI
	the overall number of NZC across layers

	Part 2
	The indication of port selection
	The indication of the strongest coefficients
	The indication of the selected FD basis
	The reference amplitude
	The indication of NZC
	The amplitude of NZC
	The phase of NZC


Proposal-11: 
· Three groups of Part 2 for CSI Omission for Rel-16 Type II port selection codebook is reused for Rel-17 port selection codebook.
· The priority value = is used to omit CSI for Rel-17 port selection codebook.
Proposal-12: Rank restriction is supported forRel-17 port selection codebook. 

Proposals on multi-TRP/panel:
Proposal-13: For non-PMI based feedback, one of the following alternatives is needed.
· 


Alt 1: a sequenceof port indices are configured for each CMR used for NCJT measurement, where and  are the sets of CSI-RS port indices associated with rank=1 and 2 respectively. For each CMR in the selected CMR pair, UE reports a RI. Therefore, for NCJT hypothesis, one CRI, two RIs and one CQI are reported.  In such case, up to 2 bits are needed for reporting of two RIs.
· 

Alt 2: a sequenceof port indices are configured for each CMR pair used for NCJT measurement, where  are the sets of CSI-RS port indices associated with rank=v.  
· 

For rank=2 (i.e., v1=1, v2=1), and are port indices from resource 1 and 2 respectively. 
· 

For rank=3 while v1=2 and v2=1, and  are sets of port indices from resource 1 and 2 respectively.
· 

For rank=3 while v1=1 and v2=2,  and  are sets of port indices from resource 1 and 2 respectively.
· 

For rank=4 (i.e., v1=2, v2=2), and  are sets of port indices from resource 1 and 2 respectively.
· For each CMR pair, UE reports a RI wherein the set of CSI-RS port indices combined from the pair of CMRs is indicated. Therefore, for NCJT hypothesis, similar to legacy report quantities of non-PMI feedback, one CRI, one RI and one CQI are reported. In this case, up to two bits are needed for RI reporting.
Proposal-14: 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-15: For power control ratio of NCJT, Alt 1 is preferred.
·  Alt 1: a separate powerControlOffset (Pc ratio) shall be configured for the NCJT measurement hypothesis by re-defining such Pc ratio as 10log10(P_PDSCH/P_CSIRS) dB, whereas
· P_PDSCH is the energy of PDSCH ports with a same TCI state as the CMR on one subcarrier of one OFDM symbol;
· P_CSIRS is the energy of all CSI-RS ports of the CMR multiplexed on one subcarrier of one OFDM symbol.
Proposal-16: 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-17: For RI restriction(s) associated with single-TRP/NCJT measurement hypotheses configured by single CSI reporting setting, Alt 4 and 5 are slightly preferred.
· Alt 4: Two RI restrictions can be configured per CodebookConfig, whereas one RI restriction is applied to all Single-TRP measurement hypotheses, and another one is applied to all NCJT measurement hypotheses. 
· Alt 5: Three RI restrictions can be configured per CodebookConfig, whereas two RI restrictions are applied to two CMR groups in a CMR resource set respectively for Single-TRP measurement hypothesis, and the third one is applied to all NCJT measurement hypotheses. 
Proposal-18: RI/PMI sharing between single-TRP and NCJT measurement hypotheses can be supported for Option 1 with X={1, 2}. RI/PMI sharing can be enabled or disabled by the gNB. 
Proposal-19: Further discuss the following alternatives for CSI reporting of M-DCI based NCJT.
· Alt-1(separate feedback): Two independent reports, for different TRPs respectively
· Alt-2(joint feedback): 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.
Proposal-20: For CSI reference resource definition the assumption of mapping between layers and CSI-RS ports should be specified and the rules elaborated in section 3.4 can be considered. 
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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
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]32 TxRU: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 
16 TxRU: (8,4,2,1,1,2,4) ,(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, rank adaption for rank=2

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

	UE receiver
	MMSE-IRC as the baseline receiver



Mv=1,α1=1
R16PS{configs1-6}	60	88	109	165	221	274	1	1.0319064336119748	1.0880952116064158	1.1352535746258667	1.1439459387760444	1.1481853465196201	P=32,β={1/4,1/2,3/4,1}	258	202	146	90	1.226266829052878	1.2208473742000805	1.1851876253084805	1.0675952445093981	P=24,β={1/4,1/2,3/4,1}	194	152	110	68	1.1975232776000644	1.1935278797590629	1.1500557492921342	1.0358245460185904	P=16,β={1/4,1/2,3/4,1}	129	101	73	45	1.1573388629924168	1.1276823957960351	1.0874415120318519	0.97072886208481191	P=12,β={1/4,1/2,3/4,1}	97	76	55	34	1.1121000000000001	1.0935999999999999	1.0428999999999999	0.91120000000000001	P=8,β={1/2,3/4,1}	64	50	36	1.0218528044367268	0.96749279152583556	0.94964208634611569	P=4,β={1/2,3/4,1}	31	24	17	0.94964208634611569	0.89492762166418482	0.83955988459704922	Overheads(bits)

Relative Average Performance



Mv=2,β=1
R16PS{configs1-6}	60	88	109	165	221	274	1	1.0319064336119748	1.0880952116064158	1.1352535746258667	1.1439459387760444	1.1481853465196201	P=32,K1={16,24,32}	272	398	515	1.1968568479502113	1.2366631733495617	1.2389713803808462	P=24,K1={12,16,24}	204	267	387	1.1588662181084197	1.1904723036585665	1.2231341690136877	P=16,K1={8,12,16}	136	199	258	1.1081708591044799	1.1629346808636383	1.1844239587959289	P=12,K1={12}	194	1.1505000000000001	P=8,K1={4,8}	67	129	0.99978079659027974	1.0919760897164767	P=4,K1={2,4}	32	64	0.88394658157272388	0.98692353628096141	P=2,K1={2}	31	0.79954598502182372	Overhead(bits)

Relative Average Performance



Mv=1	P=K1=4	P=K1=8	P=K1=16	P=K1=24	P=K1=32	1	1.1045079385189225	1.2187105852972338	1.2610259114409423	1.2912936848085503	Mv=2	P=K1=4	P=K1=8	P=K1=16	P=K1=24	P=K1=32	1.03925842206205	1.1498817347133981	1.2472319579176794	1.2879949051062707	1.3046719370041204	
Relative Average Performance



Mv=2,α=1
R16PS{configs1-6}	60	88	109	165	221	274	1	1.0319064336119748	1.0880952116064158	1.1352535746258667	1.1439459387760444	1.1481853465196201	P=32,β={1/4,1/2,3/4,1}	515	403	291	179	1.223257655492773	1.2517137181610865	1.2391758002654993	1.1673522411107533	P=24,β={1/4,1/2,3/4,1}	387	303	219	135	1.2091450266909995	1.219745005094155	1.2079118959712556	1.1209661173392966	P=16,β={1/4,1/2,3/4,1}	258	202	146	90	1.1696350197160261	1.1791423698396672	1.1496831199545752	1.0703051075806853	P=8,β={1/2,3/4,1}	129	101	73	1.0815014921184969	1.0726159181689965	1.057395971534143	P=4,β={1/2,3/4,1}	64	50	36	0.97244015097578951	0.966877690011966	0.93940824604620865	Overheads(bits)

Relative Average Performance



Mv=1,β=1
R16PS{configs1-6}	60	88	109	165	221	274	1	1.0319064336119748	1.0880952116064158	1.1352535746258667	1.1439459387760444	1.1481853465196201	P=32,K1={16,24,32}	143	205	258	1.1625380864153019	1.2118112417327775	1.226266829052878	P=24,K1={12,24}	107	194	1.1328973841138563	1.1975232776000644	P=16,K1={8,12,16}	71	102	129	1.0758730371215746	1.1265705735577047	1.1573388629924168	P=12，K1={12}	97	1.1121000000000001	P=8,K1={4,8}	34	64	0.97311179746489795	1.0488872232284938	P=4,K1={2,4}	15	31	0.8642281811109136	0.94964208644347758	P=2,K1={2}	14	0.79514839824300698	Overhead(bits)

Relative Average Performance
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