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Introduction
In this contribution, remaining issues on further enhanced Type II port selection codebook in Rel-17 and CSI measurement and reporting for MTRP and/or multi-panel transmission will be respectively discussed.
CSI enhancement for Rel-17 port selection codebook
In RAN1#105-e meeting, the following agreements on  ,  and  design for Rel-17 port selection codebook were achieved [1]. 
	
On design

Agreement
For Rel-17 port selection codebook, the maximal value of CSI-RS port number P as Pmax is 32.

Conclusion
At least for rank 1, no further restriction or condition is applied for polarization-common based free-selection and combinatorial coefficient based port selection for W1.

Agreement
At least for rank 1, candidate values of K1 for port selection matrix W1 in NP*K1 are {2, 4, 8, 12, 16, 24, 32}. 
· Note: for polarization-common based free-selection, it means to select the same L=K1/2 ports out of P/2 ports for both polarizations

On design

Working Assumption
At least for rank 1, 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: Further dependence/restriction, e.g. conditioned on N3 or the number of CSI-RS ports, can be applied to above design. If does, how to support a non-consecutive FD bases used for Wf quantization 
· FFS: Whether to introduce thresholds for N3 and/or P

Agreement
For Wf in CN3*Mv, Mv=2 is supported for R17 PS codebook 
· FFS: whether further dependence/restriction, i.e. conditioned on the number of CSI-RS ports, can be applied to Mv=2
· FFS: Whether Mv=4 can be supported for # of CSI-RS ports, e.g. 4 or 8

Agreement
At least for rank 1 and for Mv>1, Minit for the single window with size N is fixed to be 0

Agreement
At least for rank 1 and 2 and Mv > 1, for relationship between N and Mv, study and down-select one alternative from following in RAN1#106-e
· Alt 1: N= Mv always, no UE reporting of Wf
· Alt 2-1: N >= Mv, Wf  is layer-common and reported by UE for N>Mv.
· Alt 2-2: N >= Mv, Wf is layer-specific and reported by UE for N>Mv.
Note: Wf is layer-common for N=Mv
Note: For all alternatives, a layer-common window/set of size N is configured.

Agreement
For Rel-17 port selection codebook, study following Alternatives and down-select in RAN1 106e:
· Alt 1: Wf OFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length N3. Wf as an all-one vector of length 1 is not needed
· Alt 2: Wf OFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length 1, i.e., a scalar. Wf as an all-one vector of length N3 is not needed.
· Alt 3: Keep both Wf OFF and Wf ON with Mv=1.
· If PMI format is SB, Wf  is an all-one vector of length N3 
· Informative note: this case is considered as “Wf ON with Mv=1” in the agreement in RAN1 104e 
· If PMI format is WB, Wf is an all-one vector of length 1, i.e., a scalar 
· Informative note: this case is considered as “Wf OFF” in the agreement in RAN1 104e
· Note: N3 = NCQISubband*R. 
· FFS: the case when no SB size is configured. 

On design

Agreement
A polarization-specific bitmap for indication non-zero coefficients should be supported for W2.

Agreement
For the quantization of W2 coefficient, reusing following Rel-16 quantization mechanism for Rank1 at least:
· Two polarization-specific reference amplitudes:
· for the polarization associated with the strongest coefficient, the reference amplitude is not reported
· for the other polarization, reference amplitude is quantized to 4 bits
· The alphabet is{1, 1/2)^(1/4), (1/4)^(1/4), (1/8)^(1/4), …, (1/2^14)^(1/4), [Reserved]} (-1.5dB step size)
· For coefficients other than the strongest coefficient
· differential amplitude is calculated relative to the associated polarization-specific reference amplitude and quantized to 3 bits
· The alphabet is {1, 1/sqrt(2), 1/2, 1/(2*sqrt(2)), 1/4, 1/(4*sqrt(2)), 1/8, 1/(8*sqrt(2))} (-3dB step size)
· phase is quantized to 16PSK
· For the reserved state for reference amplitude, down-select one Alt 
· Alt 1: it is kept to be reserved
· Alt 2: it is replaced as (1/2)^(15/4)
· Alt 3: it is replaced as (1/2)^(3/8)
Note: whether/how SCI is supported for R17 codebook will be discussed separately


Agreement
At least for rank 1 and 2, for the compression coefficient Beta for non-zero coefficients of W2, values of Beta are {[1/4], 1/2, 3/4, 1} 
· Note: [1/4] means that 1/4 is also a candidate value for the discussion on reduction of parameter combinations, but has a lower priority compared to other beta values

For future RAN1 meeting:
Study whether/how the bitmap for indicating non-zero coefficients for W2 can be absent for CSI reporting
· FFS: applicable conditions of being absent, .e.g. Mv=1 and Beta =1 for rank 1 or higher ranks
· FFS: additional impact for reporting mechanism when/how the bitmap is absent
· Note: The principle of UE determining the real number of NZC (same as Rel-15 and Rel-16) is unchanged in Rel-17
· based on trade-off among UPT performance, feedback overhead and complexity

Others

Agreement
Further reduction for possible parameter combinations among codebook parameters of Rel-17 port selection codebook, e.g. {K1, Mv, Beta}, will be discussed jointly once candidate values are determined
· 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
· Exact parameters (e.g. with 2 or 3 parameters) within each combination are FFS
· Other parameterizations of codebook parameter (e.g. alpha with K1= Alpha*# of CSI-RS ports and Alpha <=1) are not excluded

Conclusion
For PS codebook enhancements utilizing DL/UL reciprocity of angle and/or delay, there is no consensus of further enhancement for CSI-RS configurations associated with Rel-17 PS codebook. 

Agreement
Support rank 2 for Rel-17 codebook



According to above agreements, some remaining issues on  ,  and  design need to further study. In this section, these issues for rank=1 are firstly discussed. Then, the designs of   ,  and  for rank>1 are discussed. Lastly, we discuss the CSI reporting and omission design.
Rank=1
For rank=1, it has been agreed that the port selection is polarization-common and indicated by combinatorial number according to previous meeting conclusions. The candidate values of K1 for port selection matrix includes are {2, 4, 8, 12, 16, 24, 32}. It depends on the discussion on parameter combination to select suitable values of K1, which will be discussed later. Some issues on   and  design are left to be discussed. 
The remaining issues on  design
The remaining issues on  design for rank=1 include: 1) Whether to confirm the working assumption on FD bases used for   quantization; 2) The candidate  values and whether they are dependent on the number of CSI-RS ports; 3) The relation between N and  when  ; 4) The difference between OFF and ON with =1; 5) The values of R. 
· Issue1:Whether to confirm the working assumption on FD bases used for   quantization
[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK9][bookmark: OLE_LINK10]The working assumption on FD bases used for  quantization was made in the last meeting [1]. In the working assumption, the FD bases 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. In our contribution [2], we have compared the cases of FD bases within a consecutive window and within a non-consecutive set from downlink signaling overhead and performance perspective. We show that the configuration method of FD bases within a non-consecutive set leads to larger downlink signaling overhead and incurs possible performance loss compared with that of FD bases within a window. If N3>N, the configuration of FD bases with non-consecutive always generates more overhead than that of FD bases with consecutive in a window. For different values of P, since the dominant FD bases obtained by gNB can be conveyed to UE through beamformed CSI-RS, the performance of configuring non-consecutive FD bases may be not better than of configuring consecutive FD bases. Thus, the working assumption should be confirmed without any further restrictions. 
Proposal-1: The working assumption is confirmed without any further restrictions. 
	Working Assumption
At least for rank 1, 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. 


· Issue2: The candidatevalues of   and whether they are dependent on the number of CSI-RS ports.
The candidate values of  include 2 and 4 for , and  has been agreed. Some companies suggest that  should be supported at least for smaller number of CSI-RS ports, e.g., 4 or 8. In addition, some companies suppose that there is no much performance gain for  for larger number of CSI-RS ports, e.g., 24 or 32. In such case,   can work well. According to their proposals, value of  is dependent on the number of CSI-RS ports. In order to determine values of, we evaluate the performance of different number of CSI-RS ports with different values of , as shown in Figure 1. In the simulation,  is equal to the window size N, and UE selects all ports and reports all coefficients, i.e.,  and . The detailed simulation assumptions are given in Table AI in the Appendix. In the following simulation, DFT basis is used to design the beamforming of CSI-RS if without explicit statement. We can observe that there is obvious performance improvement from  to  when . The performance gain is limited from  to when  and 16. However, the feedback overhead is significantly increased from  to . Although there are obvious performance improvement for when , its performance is still inferior to  with . Furthermore, its feedback overhead is more than two twice that of  with . Hence,   is not necessary to support for smaller number of CSI-RS ports, e.g., 4 or 8. We can see that there is no much performance improvement from  to  as well when . But, considering the non-ideal partial channel reciprocity in some scenarios, gNB may not obtain accurate angle or delay information. In order to avoid the case,  for  can be supported. 

Figure 1: Performance vs. overhead comparisons for different number of P and .
Proposal-2: Only  is supported without restriction on the number of CSI-RS ports. 
· Issue3: The relation between N and  when 
According to the Proposal-1,  FD bases are selected from a single window with size N. In [2], we have evaluated the performance of different window size N. The results show that performance improvement of N=4 is marginal compared with N=2, and the performance of N=2 tends to saturated when P=16 and 32. Therefore, N=4 is not necessary when P=16 and 32. In order to investigate whether there is performance gain of N=4 when P is set to smaller value, e.g., 4 or 8, the evaluation results of different N and   values are given in Figure 2. We can see that N=4 and =2 can bring performance improvement compare with N= when P=4. However, the performance gain for N> is still limited when P=8. According to above discussion, it is not necessary to support N> when P >4.

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Figure 2: Performance vs. overhead comparisons for N and   values, , rank=1.Proposal-3: If P=4, N can be configured as 4. Otherwise, N==2. 
· Issue4: The difference between OFF and ON with =1
Three alternatives are provided to illustrate the relationship between OFF and ON with =1. No matter how large the length of all-one vector is set, the performance, feedback overhead and UE complexity are always kept same. From this perspective, OFF and ON with =1 are same. However, when is turned off,  or the window size N does not need to be configured. From this perspective, OFF is different from ON. For Alt1, the length of vector is . For Alt2, the length of vector is always 1. However, when no subband size is configured, the length of vector cannot be calculated as  for Alt1 unless the number of CQI subband is specially defined as one. But Alt2 does not have such issue. As a compromise or combination of Alt1 and Alt2, Alt3 is introduced. The two configurations are distinguished by parameter pmi-FormatIndicator configuration. This alternative makes OFF and ON be independent.
Proposal-4: Wf  OFF and Wf ON with Mv=1 are distinguished by PMI format, i.e., Alt3 is supported. 
· Issue5: The values of R 
There is no conclusion on the values of R in the last RAN1 meeting since different companies have different views on it. Some companies show that smaller values of R, e.g., R=0.25, can achieve better performance, while the other companies shows that obvious performance gain can be obtained by configuring larger values of R, e.g., 4, 8 or D*NPRBSB, where D and NPRBSB denote the density of CSI-RS in frequency domain and the number of PRB in a CQI subband, respectively. In [3], they think the performance of R=1 and R>1 is similar since network can obtain same precoder with R=1 and R> 1 via PMI interpolation. Therefore, they think only R=1 is supported. 
In our view, the three factors, i.e., performance, feedback overhead and UE complexity should be considered to determine the value(s) of R. Since , larger R leads to finer granularity of PMI. Finer granularity of PMI leads to improved accuracy of CQI as well. Thus, larger R should obtain 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 is dependent on CSI-RS configuration. The complexity 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 beamformed CSI-RS when the density of CSI-RS D is smaller than one, i.e., D<1. For such case, the estimation channel   for some frequency units may not be available since there is no CSI-RS transmission in these frequency units. Then, it is suitable that the maximum value of R is set to D*NPRBSB. Compared with , the complexity of R>1 is larger due to PMI construction. Especially, larger number of 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.
When  , the selected FD bases are not reported. The feedback overhead is same for different R values. When , different values of R do not change feedback overhead as well. Therefore, values of R can be same when  is turned on associated different  value. 
Proposal-5: When , R can be configured as  2, …,or  D*NPRBSB. Otherwise, R=1.  denotes a threshold value.
The remaining issues on  design
The remaining issues on  design for rank=1 include: 1) The reserved bits for reference amplitude; 2) Whether/how the bitmap of non-zero coefficient indication can be absent; 3) The strongest coefficient indication (SCI).
· Issue1: The reserved bits for reference amplitude
Some companies proposed that the reserved bits for reference amplitude is replaced with a new value, e.g.,,  and to improve performance. But there is no performance gain even though the reserved bits are replaced by these new values according to our evaluation results, as shown in Figure 3. In the simulation, UE selects 6, 8, 16, 24 and 32 ports, respectively. Therefore, it is not necessary to replace the reserved bits with other values.
 [image: ]
Figure 3: Performance vs. overhead comparisons for different alternatives on coefficients quantization
Proposal-6: The coefficient quantization of Rel-16 Type II codebook is reused for Rel-17 port selection codebook.
· Issue2: Whether/how the bitmap of non-zero coefficient indication can be absent
Let  and = respectively denote the real number of non-zero coefficients reported by UE for the l-th layer and total number of non-zero coefficients, where is RI value. When ，UE can report all the coefficients for the l-th layer, i.e.,  , In such case, it is not necessary to report the bitmap for NZC indication. Hence,  the indication overhead of NZC is saved. UE may report all the coefficients for all layers when , i.e., , the bitmap can be also omitted in this case. Both cases do not have impact on system performance. Hence, it is necessary to support these cases that the bitmap of non-zero coefficient indication can be absent. 
Proposal-7: When , the bitmap for indicating non-zero coefficients can be absent if UE reports all coefficients for one or more than one layer.
The following options can be considered to indicate whether the bitmap for indicating NZC is absent or not.
· Option1: The total number of non-zero coefficients is equal to   .
· Option2: The number of non-zero coefficients is equal to. 
· Option3: An additional bit is introduced to explicitly indicate whether the bitmap is absent or not.
For Option1 and Option2, if  or , this implies that UE reports all coefficients of all layers or a layer. In such cases, gNB can suppose that the bitmap of non-zero indication for all layers or a layer is absent according to the reported number of NZC of all layers and one layer, respectively. Otherwise, the bitmap is not absent. Both Option1 and Option2 can implicitly indicate whether the bitmap is absent or not, while Option3 explicitly indicates it. Option1 and Option2 need  and , respectively. Compared with Option1, Option2 incurs more indication overhead. But Option1 cannot be used to indicate whether the bitmap of NZC indication for each layer is absent or not. Option3 is a simple and direct way to indicate the existence of the bitmap. If rank=4 is supported, up to 4 bits are introduced. We think the additional rank bits are slight compared with the total feedback overhead. 
Proposal-8:  Existence of the bitmap depends on the reported number of NZC or indication information.
· Issue3: SCI
For Rel-15/Rel-16 Type II codebook, the strongest coefficient is indicated and not reported to save feedback overhead. For Rel-17 port selection codebook, if feedback overhead can be saved, the strongest coefficient should be indicated and not reported as well. When is turned off or  , and the maximum number of CSI-RS ports is configured as 32 i.e., ,  bits are used to indicate the strongest coefficient. Even when, ,  bits are needed. It has been agreed that amplitude and phase of a coefficient are quantized with 3 bits and 4 bits. Totally 7 bits are required to quantize each coefficient. In addition, an additional bit is required to indicate the specific polarization containing the strongest coefficient for differential quantization of NZC if the strongest coefficient is not indicated. This implies that 8 bits are needed to report the strongest coefficient. We can see that the strongest coefficient indication can at least save 3 bits compared with without SCI. We thus propose:
Proposal-9: The strongest coefficient should be indicated to save feedback overhead.
During discussion of last meeting, the following alternatives on SCI are proposed.
· Alt 0: Reporting of the position, [, ], of the strongest coefficient of layer l using bits, where .
· Alt 1-1: Reporting of the position, [, ], of the strongest coefficient of layer l , using or  bits.
· Alt 1-2: Reporting of the position, [, ], of the strongest coefficient of layer l , using   or  bits, and shifting of the strongest coefficient to position =0
· Alt 2: Shifting the strongest coefficient to = 0, and using bits to indicate the shift quantity for l-th layer. The strongest coefficient is indicated by , using  for l-th layer.
· Alt 3: SCI is not needed so that the SCI in R16 codebook is replaced with a strongest polarization indicator (1 bit) 
As discussed above on SCI, indicating the strongest coefficient can save overhead. Hence, Alt 3 should not be considered. Alt0 requires that the bitmap of NZC indication and the SCI are reported together. This grouped method is not suitable for CSI omission since the bitmap is not necessary to report when CSI omission happens. Alt 0 should not be supported as well. Compared with Alt 1-1, Alt 1-2 and Alt 2 need shifting the strongest coefficient to  = 0 such that the strongest coefficient always located on the first column of . Note that the mentioned shifting is the location of FD basis changing through modulus operation, i.e.,  or , which is different from the phase shifting in Rel-16 Type II codebook. Thus, the selected FD bases are always located in the configured window of FD bases. After shifting,  bits are required to indicate the strongest coefficient after shifting for Alt 1-2, while Alt 1-1 needs  or   bits to indicate it.  Considering UCI encoding, the shifting quantity and SCI may not need to be grouped together in G0 for Alt 1-2 or Alt 2, while Alt 1-1 cannot do it. When N=, Alt 1-2 and Alt 2 require the same feedback overhead. However, Alt 1-2 requires less overhead than Alt 2 when N>.  
Proposal-10:  or  bits with shifting the strongest coefficient to = 0 are used to indicate the strongest coefficient, i.e., Alt 1-2 is supported.
Parameter combination
Possible codebook parameters include,  and , which denote the number of the selected ports, the number of FD basis and the compression coefficients for non-zero coefficients of , respectively. The candidate values of  are {2, 4, 8, 12, 16, 24, 32}. According to the above discussion on , the values  can be 1 or 2. The candidate values of  are {1/4, 1/2, 3/4, 1}. It was agreed that total number of parameter combinations should be comparable to enhanced Type II codebook which includes 8 parameter combinations [1]. The candidate values of both   and  would lead to a lot of combinations. In order to reduce these parameter combinations, a parameter  can be introduced to determine the number of port selection K1, i.e., . For example, assume the candidate values of  are {1/2, 1},  and . For parameters ,  and , there are 7 parameter combinations since  can be configured as 2, 4, 8, 12, 16, 24 and 32. For parameters ,  and , there are only two parameter combinations, i.e., ,   }={1/2,1,1} and , ,  }={1,1,1}. Hence, the total number of parameter combination can be significantly reduced.
Proposal-11: A new parameter  for determining the number of port selection K1 is introduced to limit the number of parameter combinations.
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 1 should be considered respectively to determine parameter combinations. 
· =1
Firstly, in order to choose the values of , let ,  is set to 2, 4, 8, 16, 24, 32 and   is set to 1/16, 1/8, 1/4, 3/8, 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 4. The performance of Rel-16 Type II port selection codebook is taken as baseline. 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 with 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 slight less than that of Rel-16 Type II port selection codebook, the feedback overhead of them is significantly reduced compared with the least feedback overhead of Rel-16 Type II codebook. The least feedback overhead is calculated according to the simulation assumptions in Table AI in the Appendix. However, when , the performance of  is significantly degraded compared with . The configuration  is not supported when .
 
Figure 4: Performance vs. overhead comparisons for different number of CSI-RS ports and different number of selected ports, rank=1，.
Observation-1: When , 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 less feedback overhead. 
Observation-2: Although the performance of with   is slightly inferior to that of Rel-16 Type II port selection codebook, the feedback overhead of it is significantly reduced.
Proposal-12: For =1, when ，1/2, 3/4 and  can be considered, and when ,  is configured as 3/4 and 1.
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 better parameter combination, the 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. We can see that the performance of  is similar to that of  with the same overhead. In the figure, the indication overhead of NZC is included to calculate the total overhead. According to discussion on the omission of the bitmap of NZC indication, the bitmap can be absent, which can significantly reduce overhead. If the bitmap is not reported for , with 1/2, 3/4 and  can achieve the better tradeoff between performance and overhead than  for .  In order to verify the performance impact of different values of ,  be set to 1/4, 1/2, 3/4 and 1, P=, i.e., , and =1. The performance evaluations are given in Figure 6. 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 .


[image: ]
Figure 5: Performance vs. overhead comparisons for different number of CSI-RS port with  and different values of  or  and different values of , rank=1

Figure 6: Performance vs. overhead comparisons for different number of selected ports and different  values, rank=1.
According to the above discussion and observation, we give the following proposal.
Proposal-13: When , the following parameter combinations can be considered.
	
	

	1/2
	1

	3/4
	

	1
	

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


· >1
Similarly to =1, we firstly choose the suitable values of . Let ,  be set to 4, 8, 12, 16, 24, 32,  be set to 1/16, 1/8, 1/4, 3/8, 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 see that the performance of Rel-17 port selection codebook is not much better or even worse than that 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 of NZC increased. This results that  cannot achieve better tradeoff between performance and overhead if all coefficients are reported, i.e., . It implies  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-3: Compared with the other configurations,   with1 and  with 1/2, and 3/4 and  can achieve better performance.
In order to choose 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 in Figure 9 for >1. Different from >1,   with different values of  can achieve better performance than  with different values of . Therefore, <1 is not needed to supported when >1. 
[image: ]
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-4: Compared with  with different value of , 1 with different   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  with being set to 1/4, 1/2, 3/4 and 1 to determine the values of . In the simulation, =2 and  are configured. We can observe performance of  is no much 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. Based on above observations, the following proposal is provided.
Proposal-14:  When , the following parameter combinations can be considered.
	1
	

	1

	1/2

	
	3/4

	
	1

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


Rank > 1
For Rel-16 Type II codebook and port selection codebook, high rank transmission, e.g., 4 layers, is supported to further improve system performance with additional feedback overhead. According to discussion on Rel-17 port selection codebook design, higher system performance can be achieved with the same overhead compared with Rel-16 Type II port selection codebook. Due to less SVD operation at UE side, the UE complexity of Rel-17 port selection codebook is less than that of Rel-16 Type II port selection codebook. Rel-17 port selection codebook should also support high rank transmission.
Proposal-15: For Rel-17 port selection codebook, rank=3 or 4 should be supported.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Rel-17 port selection codebook structure is  which is same as Rel-16 Type II codebook.  can be turned on or off.  In Rel-16 Type II codebook,  is same for different layers, i.e., is layer-common. While  is different for different layers, i.e.,  is layer-independent. Since the beamforming of CSI-RS port includes SD bases and FD bases for Rel-17 port selection codebook, which is different from that of Rel-16 Type II port selection codebook, the port selection matrix, the coefficient matrix  and compression matrix  for different rank need to be redesigned. In this contribution, we firstly discuss the design of these parameters for rank=2.
On  Design
For rank=2, port selection can be layer-common or layer-specific when is turned on and off. In order to determine the design of, performance evaluation is given for port selection with layer-common and layer-specific respectively in Figure 11. For layer-common, ports are selected according to the power of compression coefficient. The compression coefficient is calculated as (1). For layer-specific, ports are selected according to the combination coefficient in . For simplicity, let, P be set to 16, and be set to 4, 8 and 12, respectively, in the simulation.
 
Figure 11:  Performance vs. overhead comparisons for port selection with layer-common and layer-specific when , rank=2 with rank adaption.
We can observe the performance of layer-common for port selection is similar to that of layer-specific with the same overhead for different configurations of number of CSI-RS ports. For simplicity, layer-common for port selection can be considered. We thus propose:
Proposal-16: At least for, port selection for  is layer-common.
On  Design
It was agreed that FD basis selection is layer-common when  in the last meeting [1]. When, UE can freely select  FD basis from the window with size N. In such case, FD basis selection can be layer-specific. However, the discussion on the candidate  values in subsection 2.1 shows that N=4 cannot bring obvious performance improvement compared with N=2 even though all FD bases in the configured window are selected when P ports. Therefore, the performance gain of selecting partial FD bases in the window may be limited. In order to verify whether  can achieve better performance gain than  when P, performance evaluations are provided in Figure 12. 
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Figure 12: Performance vs. overhead comparisons for FD basis selection with layer-common and layer-specific, rank=2 with rank adaption.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In the simulation, let1, N be set to 2 or 4, , and P be set to 4 and 8, respectively.  FD bases are selected according to the compression coefficient, i.e., the layer-common is assumed. As shown in the figure, when  P=4,  can bring obvious performance improvement, while the performance gain is marginal for P=8. When  and P=4,  with layer-specific should improve performance compared to with layer-common. Since the values of both N and  is not too large, there are no much indication overhead increased even though UE reports the selected FD bases to gNB. Based on above discussion and observation, the following proposal is given.
Proposal-17:
· When P=4, . Otherwise, .
· When P=4,  can be layer-specific and reported by UE.
On  Design 
In our contribution [4], we illustrated that the beam combination coefficients in  are calculated by implementing eigen-decomposition of ,where . is calculated according to expression (1). According to our observation, the locations of NZC selected by UE for different layers are different. Therefore, the indication of NZC should be layer-specific, and a polarization-specific bitmap for indication NZC of each layer should be supported for .
Proposal-18: The indication of non-zero coefficients should be layer-specific.
CSI reporting and omission
In current specification, for Type I, Type II and enhanced Type II CSI feedback, a CSI report comprise of two parts. Part 1 has a fixed payload size and is used to identify the number of information bits in Part 2. Part 1 is transmitted in its entirety before Part 2. The codebook structure of Rel-17 ports selection codebook is W=W1W2 WfH which is same to that of Rel-16 Type II codebook. The reporting parameters include port selection indication, NZC indication, FD basis selection indication (if N>Mv is supported), NZC, the number of NZC for each layer or total number of NZC across all layers and SCI. These reporting parameters are reported for Rel-16 Type II port selection codebook as well. Hence, the CSI reporting design of Rel-16 Type II port selection codebook should be regarded as a starting point.
Proposal-19: The CSI reporting design of Rel-16 Type II port selection codebook should be regarded as a starting point.
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 enhanced Type II 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. 
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 enhanced Type II codebook as discussed above, the content in CSI Part 2 Rel-17 port selection codebook should be similar to that of enhanced Type II codebook. Therefore, the reporting parameters of Rel-17 port selection codebook can also divided into three 3 groups.
Proposal-20: 
· The design principle of CSI omission for Rel-16 Type II port should be applied to CSI omission design of Rel-17 port selection codebook
· The priority order of Rel-16 Type II port selection codebook for omitting CSI Part 2 should be regarded as a starting point.
1. CSI enhancement for Multi-TRP/panel Transmission
In RAN1#105-e meeting, the following agreements on CSI enhancement for Multi-TRP/Panel transmission were achieved [1].  In the section, the remaining issues are discussed.
	Agreement
Whether a NZP CSI-RS resource can be referred by both a CMR pair configured for NCJT measurement hypothesis and a CMR configured for Single-TRP measurement hypothesis:
· It is feasible in both FR1 and FR2 but subject to UE capability for FR2. If a UE supports and the sharing is also enabled by gNB, two CMRs from a CMR pair configured for a NCJT measurement hypothesis can be used for Single-TRP measurement hypotheses, otherwise they cannot.

Conclusion
Whether to support interference measurement based on NZP CSI-RS outside the CMR pair configured for NCJT measurement hypothesis, in addition to CSI-IM
Alt 2: No, it is not supported

R1-2106072	Summary of CSI enhancements for MTRP and FDD (Round 2)	Huawei, HiSilicon (Moderator)

Agreement
Whether a NZP CSI-RS resource m can be referred by two CMR pairs (m, a) and (m, b) configured for NCJT measurement hypotheses
· Alt 1: It is feasible for FR1 but not for FR2.

Agreement
A CSI-IM resource is configured to be associated with either a CMR for Single-TRP measurement hypothesis or a CMR pair for NCJT measurement hypothesis:  
· One-to-one mapping between M+N CSI-IM resources versus M NZP CSI-RS resources for single-TRP measurement hypothesis and N NZP CSI-RS resource pairs for NCJT measurement hypothesis configured in a CSI-RS resource set.
· FFS the value/definition of M 
Note: it is possible to configure the same value of CSI-IM resource ID for both NCJT and Single-TRP measurement hypotheses in FR1 and FR2, subject to QCL-Type D consistency between measurement hypotheses of the shared CMR in FR2

Agreement
For a CSI-RS resource set with Ks NZP CSI-RS resources configured for CMR and N NZP CSI-RS resource pairs configured for NCJT measurement hypotheses, study following default value of Ks,max,
· Alt 1: Ks,max = 4
· Alt 2: Ks,max = 2
· Alt 3: Ks,max = 4 for FR2, and Ks,max = 2 for FR1
· Note that default value means the minimal supported value for Ks,max in UE capability reporting, if UE support this feature.

Agreement
For CSI measurement associated with a CSI-ReportConfig for NC-JT, study whether/how to support following dynamic updating on, e.g. by MAC-CE
· Alt 1: CMR pairs for NCJT measurement hypotheses
· Alt 2: CMRs for Single-TRP measurement hypotheses
· Alt 3: TCI states in CMRs
· Alt 4: the number of single-TRP CSIs (i.e. X=0/1/2) in a NCJT CSI report

Conclusion:
There is no consensus to go with either of the following options in RAN1 #105e:
· Option 1: Confirm the Working Assumption from RAN1#103e
· Option 2: The UE can be expected to report one RI, one PMI, one LI and one CQI per TRP, up to 2 TRPs, for Multi-DCI based NCJT

Agreement
For Rel-17 Multi-TRP CSI enhancement, companies are encouraged to study following potential specification impact: 
· CRI codepoint mapping order with CMRs and CMR pairs
· Whether/how to configure RI restriction/CBSR configuration for NCJT CSI measurement
· Whether/how to enhance the CSI updating rule to address CPU overbooking
· Whether/how to introduce new CSI computation delay requirement for NCJT CSI calculation
· Whether/how to support wideband CSI report

R1-2106194	Summary of CSI enhancements for MTRP and FDD (Round 3 and NWM)	Huawei, HiSilicon (Moderator)

Agreement 
For CSI measurement associated with a CSI-ReportConfig for NC-JT, down-select one or more Alts in RAN1#106-e:
· Alt 2: additional RRC signalling is needed to configure M (M≤ Ks) CMRs from the CSI-RS resource set for CMR for Single-TRP measurement hypotheses
· Example: For a given set of {{#0, #1}, {#2, #3}} with N=1, {#0, #2} are for NCJT measurement hypothesis. Additional RRC signaling may select {#0,#3} (if sharing is allowed), or {#1, #3} (if not allowed), or select any from the set for single-TRP measurement hypotheses. 
· Alt 3: For CMRs configured in the CSI-RS resource set, support RRC signalling to enable/disable single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement hypothesis
· Example: For a given set of {{#0, #1}, {#2, #3}} with N=1, {#0, #2} are for NCJT measurement hypothesis. If gNB enables the sharing, {#0, #1, #2, #3} are for single-TRP measurement. If gNB disable the sharing, {#1, #3} are for single-TRP measurement hypotheses. 
· Alt 4: CMR sharing between single-TRP measurement hypothesis and NCJT measurement hypothesis is realized by configuring the same value of CMR ID for single-TRP CMR and NCJT CMR pair.
· Example: When the UE supports sharing, for a given set of {{#0, #0}, {#2, #3}} with N=1, {#0, #2} are for NCJT measurement hypotheses, the rest {#0, #3} are for single-TRP measurement hypotheses. The CMRs for STRP can be updated by re-configuring the CSI resource set.
Note that above examples are only for the purpose of illustrating/discussing Alternatives. 

Agreement
For Option 1 CSI reporting associated with NCJT and X single-TRP measurement hypotheses, study whether to support following PMI/RI sharing mechanisms between NCJT CSI and single-TRP CSI(s):
· Enabling/Disabling PMI, RI sharing via higher-layer configuration
· Dynamic indication of PMI, RI sharing in the CSI report
· FFS: other details
· FFS: applicable conditions/restrictions of CMR sharing among Single-TRP and NCJT hypotheses, if above PMI/RI sharing mechanism can be applied 

For future RAN1 meeting:
For a CSI report setting with Option 1 and X=1 or 2, study prioritizing CSI associated with reported CSI hypotheses within a CSI Reporting Setting
· FFS potential impact for UCI payload generation
· FFS whether/how to update CSI priority formula, and additional specification impact due to updated formula
· FFS whether/how to update CSI omission rules for Part 2 CSI based on prioritized CSI
· FFS: whether the X+1 CSI hypotheses per CSI Reporting Setting are mapped to a single CSI report or X+1 CSI reports
· Companies are encouraged to discuss and justify purposes of prioritizing CSI associated with reported CSI hypotheses. 



1.1 
2.1 
Non-PMI based feedback for m-TRP
Due to the advantage in accurate CSI acquisition and better performance, non-PMI based feedback has already been adopted since Rel-15 for NR. To enhance the CSI feedback for M-TRP in Rel-17, it’s natural to extend non-PMI based feedback mechanism to the case with more than one TRP. At least for TDD system, the system can benefit from accurate CSI feedback and lower feedback overhead. Meanwhile, the complexity with precoder selection at UE side can be avoided.
Proposal-21: 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 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. 
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Figure 13: 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 14: 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-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-22: 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.
CMRs sharing between single-TRP measurement hypothesis and NCJT measurement hypothesis
CMRs sharing for CSI measurement associated with a CSI-ReportConfig for NC-JT has been discussed in #105-e meeting, mainly including RRC-based indication and dynamic indication. 
For RRC indication for CMRs, there are three alternatives as shown below.
· Alt 2: additional RRC signaling is needed to configure M (M≤ Ks) CMRs from the CSI-RS resource set for CMR for Single-TRP measurement hypotheses
· Alt 3: For CMRs configured in the CSI-RS resource set, support RRC signaling to enable/disable single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement hypothesis
· Alt 4: CMR sharing between single-TRP measurement hypothesis and NCJT measurement hypothesis is realized by configuring the same value of CMR ID for single-TRP CMR and NCJT CMR pair.
In our opinion, additional RRC signaling to configure CMRs for S-TRP (i.e., Alt 2) is no needed because that it can lead more RRC overhead and CMRs configuration for S-TRP can be achieved by CMRs for NC-JT and CMRs sharing. 
For Alt 3, CMRs sharing and configuration for S-TRP can be achieved and the flexibility of gNB can be increased. For example, for a given set of {{#0, #1}, {#2, #3}} with N=1, {#0, #2} are for NCJT measurement hypothesis. If gNB enables the sharing, {#0, #1, #2, #3} are for single-TRP measurement. If gNB disable the sharing, {#1, #3} are for single-TRP measurement hypotheses. 
For Alt 4, CMRs sharing and configuration for S-TRP can also be achieved. For example, if the UE supports sharing, for a given set of {{#0, #0}, {#2, #3}} with N=1, {#0, #2} are for NCJT measurement hypotheses, the rest {#0, #3} are for single-TRP measurement hypotheses. 
Based on current conclusion, Ks is up to 8. To make comparison between Alt 3 and 4, let’s take Ks = 8 as an example. For Alt 3, if UE supports CMRs sharing, {{#0, #1, #2, #3}, {#4, #5, #6, #7}} can be configured, and eight CMRs are all available for single-TRP measurement hypotheses. However for Alt 4, if UE supports CMRs sharing, {{#0, #0, #1, #1}, {#2, #2, #3, #3}} can be configured, {#0, #2} are for NCJT measurement hypothesis, and only four CMRs are available for single-TRP measurement hypotheses. Therefore, under the same value of Ks, available CMRs number is greatly decreased with Alt 4.
Based on the discussion and analysis above, we have the following proposal.
Proposal-23: For CMRs configured in the CSI-RS resource set, support RRC signaling to enable/disable single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement hypothesis.
Dynamic updating for CMRs
As shown below, it’s agreed to study whether/how to support the following dynamic updating:
· Alt 1: CMR pairs for NCJT measurement hypotheses
· Alt 2: CMRs for Single-TRP measurement hypotheses
· Alt 3: TCI states in CMRs
· Alt 4: the number of single-TRP CSIs (i.e. X=0/1/2) in a NCJT CSI report
For NC-JT transmission schemes, the UE can be configured with Ks ≥ 2 NZP CSI-RS resources in a CSI-RS resource set for CMR and N ≥ 1 NZP CSI-RS resource pairs whereas each pair is used for a NCJT measurement hypothesis. For Alt 1, N CMR pairs in candidate CMRs could be changed due to the variation of channel. As shown in the figure below, there are K1 K2=4 combinations for each NC-JT pair. So N CMRs pairs for NCJT measurement hypotheses can be flexibly updated by one bitmap of size K1 K2. 
In addition, based on the discussion about RRC indication Alt 3 for CMR sharing, as CMRs for NC-JT measurement hypotheses are dynamically updated, CMRs for single-TRP measurement hypotheses also can be updated if gNB disables the CMRs sharing. For example, for a given set of {{#0, #1}, {#2, #3}} with N=1, {#0, #2} are for NCJT measurement hypothesis. If gNB disables the sharing and {#1, #2} are updated for NCJT measurement hypothesis, CMRs for single-TRP measurement hypotheses are also dynamically changed from {#1, #3} to {#0, #3}. So we think Alt 1and 2 are not completely independent to each other, and updating N CMR pairs for NCJT measurement hypotheses is the basis for this issue.
And we don’t see the need of Alt 3 or Alt 4 for dynamic updating. Therefore, the combination of Alt 1 and 2 is preferred.


Figure 15: Dynamic updating for CMR pairs for NCJT measurement hypotheses
Proposal-24: For dynamic updating for CMRs, at least support updating CMR pairs for NCJT measurement hypotheses. 
· If RRC signaling to enable/disable single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement hypothesis is supported, CMRs for single-TRP measurement hypotheses also can be dynamically updated.
CSI measurement of M-DCI based NC-JT 
In the #103e meeting, the following two options were listed as working assumption for CSI measurement of 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
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 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-25: 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
Regarding the granularity of CQI reporting, it’s agreed that for a CSI report associated with a multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, the UE is expected to report 
· two RIs, two PMIs, two LIs and one CQI per codeword, for single-DCI based NCJT when the maximal transmission layers is less than or equal to 4
· FFS: Maximal transmission layers larger than 4
· FFS: Whether/how a subset of above reporting quantities are allowed to be configured to the UE
For NC-JT with rank less than 5, the reason to choose one joint CQI rather than one CQI per TRP is to reflect the channel quality in NC-JT transmission more accurately. That is, exactly the same codeword mapping rule as in actual PDSCH transmission is assumed in CSI reporting. 
In current spec, there is no restriction on supporting rank 5-8 for SDM 1a. Even for SDM 1a in Rel-16, one CQI per codeword is reported if the reported rank is more than 4. In Rel-17, if one joint CQI or a CQI per TRP is reported, the network has to have some kind of compensation based on the reported CQI to deduce the MCS suitable for each codeword in scheduling. What’s more, it’s hard to accurately compensate the MCS in link adaptation without considering the actual detection algorithm adopted at UE side. Consequently, the mismatch between reported CQI and PDSCH transmission results in loss in performance. 
Based on the discussion above, we have the following proposal.
Proposal-26: One CQI per codeword is reported even if the reported rank is more than 5 in CSI for NC-JT. 
Based the following agreement, there are two options for a CSI report associated with a multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting:
· Option 1: the UE can be configured to report X CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis
· Option 2: the UE can be configured to report one CSI associated with the best one among NCJT and single-TRP measurement hypotheses
For option 1, X+1 CRIs are reported, whereas X CRIs are for single-TRP measurement hypotheses and one CRI is for NCJT measurement hypothesis. Size of each CRI depends on the corresponding number of either valid CMR pairs for NCJT measurement hypothesis or valid CMRs for single-TRP measurement hypotheses. The remaining issue is whether the X+1 CRIs are reported jointly as one CSI report or as separate CSI reports. Joint reporting has a great impact on current specs and complexity for UE. Besides, separate CRI reporting has more flexible and dynamic combination of different CRI sizes with different measurement hypothesis. Thus, separate CRI reporting should be supported.
Proposal-27: Separate CRI reporting is supported for Option 1. 
For option 2, a single CRI is reported wherein the size of CRI depends on total number of valid CMR pairs for NCJT measurement hypothesis and valid CMRs for single-TRP measurement hypotheses. The detail mapping mechanism between each CRI codepoint and single-TRP and NCJT measurement hypothesis should be discussed in this meeting. One simple mapping mechanism is dividing all the codepoints into two groups to represent single-TRP and NCJT measurement hypothesis respectively. The order of single-TRP and NCJT measurement hypothesis needs to be specified as well.
Proposal-28: For CRI reporting in Option 2, CRI codepoints can be divided into two groups to represent single-TRP and NCJT measurement hypothesis respectively. 
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-29: CSI feedback enhancements for transmission scheme 2a, 2b, 3 and 4 are supported.
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-30: Further discuss the following alternatives for CSI reporting of M-DCI based NC-JT.
· 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.
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.
Observations: 
Observation-1: When , 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 less feedback overhead. 
Observation-2: Although the performance of with   is slightly inferior to that of Rel-16 Type II port selection codebook, the feedback overhead of it is significantly reduced.
Observation-3: Compared with the other configurations,   with1 and  with 1/2, and 3/4 and  can achieve better performance.
Observation-4: Compared with  with different value of , 1 with different   can achieve better performance with the same overhead.
Proposals on port selection codebook:
Proposal-1: The working assumption is confirmed without any further restrictions. 
	Working Assumption
At least for rank 1, 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. 


 Proposal-2: Only  is supported without restriction on the number of CSI-RS ports. 
 Proposal-3: If P=4, N can be configured as 4. Otherwise, N==2.  
Proposal-4: Wf  OFF and Wf ON with Mv=1 are distinguished by PMI format, i.e., Alt3 is supported. 
Proposal-5: When , R can be configured as  2, …,or  D*NPRBSB. Otherwise, R=1.  denotes a threshold value.
Proposal-6: The coefficient quantization of Rel-16 Type II codebook is reused for Rel-17 port selection codebook.
Proposal-7: When , the bitmap for indicating non-zero coefficients can be absent if UE reports all coefficients for one or more than one layer.
Proposal-8:  Existence of the bitmap depends on the reported number of NZC or indication information.
Proposal-9: The strongest coefficient should be indicated to save feedback overhead.
Proposal-10:  or  bits with shifting the strongest coefficient to = 0 are used to indicate the strongest coefficient, i.e., Alt 1-2 is supported.
Proposal-11: A new parameter  for determining the number of port selection K1 is introduced to limit the number of parameter combinations.
Proposal-12: For =1, when ，1/2, 3/4 and  can be considered, and when ,  is configured as 3/4 and 1.
Proposal-13: When , the following parameter combinations can be considered.
	
	

	1/2
	1

	3/4
	

	1
	

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


Proposal-14: When, the following parameter combinations can be considered.
	1
	

	1

	1/2

	
	3/4

	
	1

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


Proposal-15: For Rel-17 port selection codebook, rank=3 or 4 should be supported.
Proposal-16: At least for, port selection for  is layer-common.
Proposal-17:
· When P=4, . Otherwise, .
· When P=4,  can be layer-specific and reported by UE.
Proposal-18: The indication of non-zero coefficients should be layer-specific.
Proposal-19: The CSI reporting design of Rel-16 Type II port selection codebook should be regarded as a starting point.
Proposal-20: 
· The design principle of CSI omission for Rel-16 Type II port should be applied to CSI omission design of Rel-17 port selection codebook
· The priority order of Rel-16 Type II port selection codebook for omitting CSI Part 2 should be regarded as a starting point.
Proposals on multi-TRP/panel:
Proposal-21: Non-PMI based feedback can be supported for CSI enhancement for M-TRP.
Proposal-22: 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-23: For dynamic updating for CMRs, support updating CMR pairs for NCJT measurement hypotheses.
Proposal-24: For semi-static (RRC based) updating for CMRs, support Alt 2 or Alt 3.
Proposal-25: 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-26: One CQI per codeword is reported even if the reported rank is more than 5 in CSI for NC-JT. 
Proposal-27: For CRI reporting in Option1, support separate CRI reporting. 
Proposal-28: For CRI reporting in Option2, the first N codepoints are corresponding to N CMR pairs and the remaining codepoints are corresponding to the remaining CMRs. 
Proposal-29: CSI feedback enhancements for transmission scheme 2a, 2b, 3 and 4 are supported.
Proposal-30: Further discuss the following alternatives for CSI reporting of M-DCI based NC-JT.
· 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.
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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



N=Mv=2	P=K1=4	P=K1=8	1	1	N=4,Mv=2	P=K1=4	P=K1=8	1.0289510413821363	1.0053346319704486	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={2,4,8,12,16,24,32}	18	38	75	110	143	205	258	0.83727582762894548	0.93894081140206143	1.0490632745786739	1.1221617835034039	1.1625380864153019	1.2118112417327775	1.226266829052878	P=24,K1={2,4,8,12,16,24}	18	38	73	107	138	194	0.86170020811450521	0.95553511060726459	1.0725704362940063	1.1328973841138563	1.1663222041868004	1.1975232776000644	P=16,K1={2,4,8,12,16}	17	36	71	102	129	0.88087664684609457	0.97362405917723183	1.0758730371215746	1.1265705735577047	1.1573388629924168	P=8,K1={2,4,8}	16	34	64	0.88990268251397042	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



Mv=1,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}	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=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={2,4,8,12,16,24,32}	35	71	140	207	272	398	515	0.83592099518540175	0.954748860056573	1.0719430688752027	1.1430684772893309	1.1968568479502113	1.2366631733495617	1.2389713803808462	P=24,K1={2,4,8,12,16,24}	35	71	138	204	267	387	0.85521145869613158	0.96891611922806431	1.1097071945041939	1.1588662181084197	1.1904723036585665	1.2231341690136877	P=16,K1={2,4,8,12,16}	34	69	136	199	258	0.87614852646151087	0.99383158900168	1.1081708591044799	1.1629346808636383	1.1844239587959289	P=8,K1={2,4,8}	33	67	129	0.88983273356451154	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



P=16,K1=4,8,12 and beta=1
Layer-specific	73	142	203	1	1.1104456373537859	1.1503750055200279	Layer-common	68	135	198	0.99995424221103413	1.1052996502908552	1.1458687779592174	Overheads(bits)

Relative Average Performance



N=Mv=2	P=K1=4	P=K1=8	1	1	N=4,Mv=2	P=K1=4	P=K1=8	1.0318540712822122	1.0037085731229165	Relative Average Performance

DFT Based,β=1.0
R17,P=4,Mv={1,2,4}	27	56	113	1	1.0379371573558285	1.0757420503182387	R17,P=8,Mv={1,2,4}	56	113	226	1.1086052748484068	1.1455558146992832	1.1769941374973221	R17,P=16,Mv={1,2,4}	113	226	451	1.2088719306941533	1.2406450278427426	1.2537579243027717	R17,P=32,Mv={1,2}	226	451	1.2844292076694965	1.3013133148744032	Overhead(bits)

Relative Average Performance
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