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In 3GPP RAN1 #106 e-Meeting, the following agreements are made for CSI enhancement [1].
· FDD CSI enhancement
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}
Agreement
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
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
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
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

· CSI enhancement for MTRP
 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 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
In this contribution, we provide our views on CSI enhancement based on FDD angle and delay reciprocity for remaining issues of Rel-17 PS CB enhancement for Rank 1~ Rank 4. Besides CSI enhancement for multi-TRP is also discussed in this contribution for further details. 

[bookmark: _Ref129681832]Rel-17 port selection codebook enhancement based on angle and/or delay reciprocity
Up to RAN1#106-e agreements, Rel-17 port selection codebook enhancement are discussed and can be summarized as following. Remaining issues related to codebook structure and quantization for Rank 1~2 are discussed in section 2.1, designs for Rank 3~4 are discussed in section 2.2, section 2.3 provides our considerations on parameter combinations, RI restriction and UCI design, and UE capability related to Rel-17 PS codebook are finally discussed in section 2.4.
 , where ,  and , is supported as the codebook structure for R17 PS CB enhancement, in which
·  is a port selection matrix whereas each column of has only one element of “1”. In addition,  is the number of CSI-RS ports and  is the number of ports selected by UE.
· As agreed in previous meetings, for Rank 1 and 2 at least, based on polarization-common and layer-common free-selection with combinatorial coefficient for  UE can freely select the same L= /2 ports out of P/2 ports for both polarizations. The maximal value of CSI-RS port number is 32 and the candidate values of  are {2, 4, 8, 12, 16, 24, 32}. 
·  is a DFT based compression matrix, in which  and . 
· As agreed in previous meetings,  = 1 and  = 2 are supported.  is layer-common and reported by UE for N>Mv, at least for rank 1 and 2.
· A single window with size N with Minit fixed to 0 is used to limit the FD bases used for  quantization. Based on this window indication, a window with N (N>=   when  = 2) consecutive FD bases are applied by the UE for  quantization and the UE only needs to search for  strongest FD components among N consecutive FD bases. It should be noted that the window configured to UE with Minit is fixed to 0, but UE can still shift the starting point of window by UE implementation. 
· There still have some open issues for , e.g. candidate values of N and R.
·  is a linear combination coefficient matrix.
· As agreed in previous meetings, a polarization-specific and layer-specific bitmap for indicating non-zero coefficients is supported for  with compression coefficient beta whereas the values of beta are {[1/4], 1/2, 3/4, 1} by removing negligible coefficients.  And the quantization of  coefficient reuses Rel-16 quantization mechanism.
· In addition, there have a few open issues for , e.g., whether/how the bitmap for indicating non-zero coefficients can be absent.

Remaining issues of Rel-17 PS CB enhancement for Rank 1 ~ 2
In this section, we will mainly focus on a few remaining issues for rank 1 and 2, including following: 
· value of N to be selected from {3,4,5}
· Values of R
· Whether/how the bitmap for indicating non-zero coefficients for W2 can be absent for CSI reporting 





· Report of   and value of N
According to RAN1#106-e agreements, when =2, in addition to N=2, one value from {3, 4, 5} should be selected for N by RAN1 in RAN1 106bis-e. The impact for value from {3, 4, 5} is summarized as following.
· Feedback overhead to report : 1 bit required for N=3 and 2 bits required for N={4,5}
· Robustness for non-ideal reciprocity due to some implementation limitations: The motivation to support N>  is to combat a certain imperfection for non-ideal FDD angular/delay reciprocity due to some gNB implementation limitations. The larger value of N, the better robustness of performance gain likely.
· UE complexity: As we know larger value of N means UE will handle more FD basis so as to more complex multiplication and higher UE processing complexity. So the drawback of larger value of N will contribute higher complexity of CSI processing.
Based on above considerations, in our view, N=4 can be the best trade-off among reporting overhead, performance robustness and UE complexity, if only one value can be selected among {3, 4, 5}. Moreover, if N=4 and =2, the first three states of 2 bits for reporting  can be (0,1), (0,2) and (0,3) without shifting the strongest frequency domain component whereas (x,y) implies selected x-th and y-th FD components within that DFT window of size of N. 
Therefore we have the following proposal:
Proposal 1: N=4 can be supported when =2 with 2 bits to be used for reporting selected two FD components from given DFT window.

· Values of R
According to RAN1#106-e agreements, at most one value from {2, D* } is supported for R. For R17 type II PS codebook with , the value of R has no impact on the performance since UEs only feedback the coefficients based on all-one vector. However, for the case of , the value of R can impact the determination of combination coefficients in  and consequently give rise to performance gain or loss, depending on the alignment of gNB/UE. 
Taking   and DFT-based beamformed CSI-RS as an example, different values of R means different length of FD bases in , which can be used by gNB to indicate UEs the appropriate FD bases in order to match with the precoding granularity of beamformed CSI-RS when UEs calculate the coefficients. For illustration, R= D*  implies the precoding granularity with 1RB and R = 1 implies the precoding granularity with  continuous RBs. 
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Figure 1 The Illustration of precoding weights with R=1 versus R=4
If the value of R is mismatched for the precoding granularity of beamformed CSI-RS, there will have a difference between the expected coefficient and the obtained coefficient at UE, as shown in Figure 1, which may lead to performance loss. Taking the precoding granularity with 1RB (R= D* ) as an example, from the perspective of the gNB, the coefficient at p-th port and the k-th FD basis is expected to be calculated as   where  is the estimated channel at p-th port,  is a DFT vector of length  and  is the number of RBs in the bandwidth. On the other hand, if R = 1 is assumed by the UE,  is used to calculate the coefficients at UE side and [2] gives an example to obtain  where  and can be approximated by repeating each element of a DFT vector of length  by  = 4 times. 
The difference can be expressed as , which means that the difference is small as long as the phase of  is close to 0 since  has complex exponential form. Specifically, the phase of  can be expressed as  where . Therefore, it implies that the phase difference can be larger with a smaller if fixing the values of k and i.
To investigate such impact of the mismatch between R and the precoding granularity of beamformed CSI-RS, Figure 2 compares the performance with different values of R with 5 MHz BW and 20 MHz BW. Specifically, for 5MHz BW, the following two cases are considered:
· Case 1) the precoding granularity of CSI-RS at gNB is 1 RB but UEs assumes 1 and 4RBs (Mismatch);
· Case 2) the precoding granularity of CSI-RS at gNB is 4 RBs but UEs assume 1(Mismatch) and 4RBs;
Similarly, for 20MHz BW, we consider the following cases:
· Case 1) the precoding granularity of CSI-RS at gNB is 1 RB but UEs assume 1 and 8RBs (Mismatch);
· Case 2) the precoding granularity of CSI-RS at gNB is 8 RBs but UEs assume 1(Mismatch) and 8RBs;
Besides, ,  and . 
Figure 2 shows that for 5MHz BW (i.e. when ), finer precoding granularity with 1RB assumed by the UE can give rise to 2.6% performance loss if there is a mismatch, when precoding granularity of beamformed CSI-RS by gNB is 4RBs. Similarly, the precoding granularity with 4RBs assumed by the UE can give rise to up to 2.6% performance loss if there is mismatch, when precoding granularity of beamformed CSI-RS by gNB is 1RB. On the other hand, the impact of mismatch is less severe for 20MHz BW (i.e. when ) due to a much larger DFT size with up to 0.5% performance loss. 
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(a) 5MHz BW 
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(b) 20MHz BW
Figure 2 Performance Comparison with Mismatched Precoding Granularity assumed by gNB/UE 
Based on above simulation and analysis, we have the following observation and proposal:
Observation 1: For Mv=1, the value of R has no impact on the performance. 
Observation 2: For Mv=2, the mismatch of precoding granularity for beamformed CSI-RS assumed by gNB and UE will give rise to about 2.6% and 0.5% performance loss for 5MHz and 20MHz BW respectively. 
Proposal 2: For Mv=2, R= D*  should be supported.

· Whether/How the bitmap for indicating non-zero coefficients for W2 can be absent for CSI reporting
Before discussing this issue, we wish to distinguish two concepts of the maximum number of non-zero coefficients (NZC) and the real number of NZC. The maximum number of NZC can be determined according to RRC parameters e.g.  etc. Taking rank 1 for instance, maximum number of NZC is equal to , whereas the real number of NZC is determined and reported by UE, and cannot be greater than the maximum number of NZC. In Rel-16, since  is always smaller than 1 and a bitmap for indicating NZC is always needed. Whilst in Rel-17, since gNB can implement CSI compression implicitly based on FDD angle/delay reciprocity,  can be set to 1 by allowing UE to feedback all NZC so that the bitmap can be absent. The absence of bitmap reporting has the advantage of reducing the coding rate of UCI to improve the probability of correct UCI decoding by gNB. 
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Figure 3 Bitmap absent ratio
We have estimated the probability of bitmap absent ratio (i.e. the chance of all NZC shall be reported) by simulations. It is assumed that when all coefficients across all ports are greater than the smallest quantized value, i.e., where  is the smaller polarization-specific reference amplitude, the bitmap can be omitted. As shown in above figure, when P=16, the probability of the bitmap being absent within at least one out of two layers is 65% and the probability of being absent for two layers is 30%. When P=32 the probability of the bitmap being absent within at least one out of two layers is 27.7% and the probability of being absent within two layers is 5.5%. Therefore it is highly feasible that the bitmap of NZC reporting can be absent, for typical use cases, so that it can be useful  to reduce CSI reporting overhead considering large payload of reporting bitmap per layer. 
Based on above simulation and analysis, we have the following observation:
Observation 3: When β = 1 and rank 2 PMI, the probability of bitmap being absent for at least one PMI layer is about 65% and 30% for P=16 ports and P=32 ports respectively. 

As discussed in RAN1 106e, there are four Alts to be discussed further:
· Alt 1: At least for rank 1 PMI, the bitmap of indicating non-zero coefficients is not needed if Mv=1 and 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
· 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
Alt 1: When Mv=1 and Beta =1 for rank 1, UE is mandated to report NZC to gNB so that the bitmap is absent.  Alt 1 may have a performance loss when UE is forced to quantize zeros or negligible coefficients of  to a non-zero coefficient, since as shown in Figure 3, when P=16, there is a 35% probability that the bitmap cannot be saved. 
Alt 2: In Rel-16, an indication of total number of nonzero coefficients across all layers denoted as  is reported in UCI part I. , where  is the maximal number of NZC per layer. If reusing such a reporting field in Rel-17, the bitmap is absent when  is equal to the maximum number of NZC configured by RRC. From gNB perspective, after detecting  in UCI part I, gNB can know whether the bitmap is reported or not in UCI part II. However, Alt 2 may not be suitable for rank3 and 4 since corresponding bitmap must be reported always. Moreover, for rank 2, Alt 2 shall be applied for both layers’ bitmaps simultaneously.
Alt 3: Denoted the number of NZC for layer  as ,  the bitmap can be absent for layer  when . As shown in Figure 3, it can be found that the probability of being absent for both layers for rank 2 PMI is far less than the probability of being absent for one of two layers. Alt 3 is to support additional case on top of Alt 2, e.g. the bitmap of either layer 1 or layer 2 is omitted for PMI reporting. Therefore in addition to ,  extra field of indicating bitmap absent for specific layer(s) should be supported on top of Alt 2.
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Figure 4 The number of saved feedback bits for Alt2 and Alt3
Based on Figure 3, it can be observed that there is high probability that bitmap can be absent. If the bitmap is absent, the saved bits can be calculated based on the following method, in which  means the probability that the bitmap for all layers can be absent for some Rank,   means the probability that the bitmap for one layer can be absent for some Rank,  mean the probability that some Rank is scheduled, and  is length of bitmap. In addition, “Minus 2” in Alt 3 means additional 2bits are needed to enable bitmap absent for specific layer.
· Alt 2:  
· Alt 3:  - 2
· 
· 
It can be found in Figure 4 that the number of saved feedback bits of Alt 3 is much greater than Alt 2 since Alt 3 can support the case with at least one layer’s bitmap is absent for rank 2 PMI, whereas Alt 2 can only support the case with two layers being absent, which as shown in Figure 3, the chance of two layers being absent is much lower. Specifically, comparing to the case of bitmap always being reported, denoted as Alt 0 in Figure 4, when P=16, Alt 2 can save 8.5 bits and Alt 3 can save 10.76 bits on average. When P=32, Alt 2 can 3.65 bits and Alt 3 can save 7.19 bits on average. 
Therefore in our understanding, Alts 3 is preferred with following proposal:
Proposal 3: Support Alt 3 with applicable conditions of bitmap being absent for rank 1 and 2 PMI, whereas the bitmap(s) of indicating non-zero coefficients for corresponding layer(s) can be absent if additional field is reported by UE to inform specific layer.

Rel-17 PS Codebook Design for rank 3~4
· Design of port and FD basis subset selection for rank 3~4 
In our understanding, Rel-17 PS codebook design for Rank 3~4 may reuse the design of Rank 1~2 as much as possible. Therefore, based on agreed design of port and FD basis subset selection for Rank 2, the port selection and FD basis selection are layer common for layer 1 and layer 2 at least. Then for rank 3 and 4, there are two possible options shown in Figure 5 as following:
· Option 1: Port selection and FD basis selection are layer-common between layer 3 and layer 4. But Port selection and FD basis for layer 3 and 4 can be different from that for layer 1 and layer 2.
· Option 2: Port selection and FD basis selection are layer-common among all layers 1~4
[image: ]
Figure 5 Different options for port selection and FD basis subset selection
In order to compare above options for rank 3~4 of Rel-17 PS CB, simulation results are provided in Figure 6 by fixing all users to rank4 but the statistic of performance only considers the UPT of dropped users with good RSRP, i.e. within top 20% values of RSRP. Furthermore, more simulation assumptions and parameters are enlisted in Table A-1 in Appendix. 
Based on simulation results it can be observed that Option 1 can achieve average gain up to 4% in medium and high overhead regime compared with Option 2. This is because that Option 1 provides more freedom for port selection and FD basis subset selection, but the increase of overhead is only a few bits.  Therefore, the following observation and proposal are suggested: 
Observation 4: For port-selection and FD basis subset selection for rank 4, Option 1 can achieve average gain up to 4% in medium and high overhead regime. 
Based on the above simulation and analysis, the following proposal is suggested.
Proposal 4: For Rank 3~4 Rel-17 PS codebook, support layers 3 and 4 layer-common for port-selection and FD basis subset selection. Moreover, port-selection and FD basis subset selection among layers 1~2 and layers 3~4 can be different.  
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Figure 6 Performance of different port and FD basis selection schemes

· Design of non-zero coefficient selection for rank 3~4.
In our understanding, Rel-17 PS codebook design for Rank 3~4 may reuse the design of Rank 1~2 as much as possible. Therefore, based on agreed design of non-zero coefficient selection for Rank 2, there are two possible options for rank 3 and 4 shown as following:
· Option 1: Non-zero coefficient selection is layer-specific for all layers for rank 3~4. 
· Option 2: Non-zero coefficient selection is layer-common between layer 3 and layer 4, but it can be different from non-zero coefficient selection for layers 1~2. Therefore compared to Option 1, Option 2 introduce one additional bitmap for rank 4. 
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Figure 7. Different options for non-zero coefficient indication
In order to decide the non-zero coefficient selection scheme for rank 3-4 of Rel-17 PS CB, we provide simulation results to compare the performance and overhead of Option1 and Option 2. As shown in figure 8, Option 2 can achieve average gain up to 8% and 2% in the low/medium and high overhead regime, respectively, compared with Option 1.  Based on the reciprocity of the uplink and downlink channel angles and delays, the location of non-zero coefficients in W2 across different layers can be roughly the same, but independent non-zero coefficients selection/indication for different layers can still help the robustness of quantization of PMI for higher rank PMI and significantly improve the performance at least within lower payload regime.
Based on above simulation and analysis, the following observation and proposal are suggested:
Observation 5: For the bitmap indicating non-zero coefficient selection for rank 4, layer-specific selection for all layers performs better, with around 8% and 2% gain, in the low and high overhead regimes respectively, assuming the same reporting overhead. 
Proposal 5: For Rank 3~4, support layer-specific bitmap for indicating non-zero coefficient selection of W2, as rank 1~2. 
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Figure 8 Performance of non-zero coefficient selection schemes

· Mechanisms of reducing CSI overhead for rank 3~4 
According to the RAN1#106-e agreements, there are three options proposed to keep the maximal CSI overhead of rank 3~4 to be comparable to rank 2:
· Option1: smaller K1 (or ) for rank3~4;
· Option2: smaller  for rank 3~4;
· Option3: limit the maximum number of non-zero coefficients across all layers to 2K0 and per layer to K0 with the same .
In Option1, different K1 (or ) will be used for rank1/2 and rank3/4, respectively. Take as an example, there are tuples, where are for rank1/2 and  for rank3/4. Besides, following the design of R16 CB, the maximum number of non-zero coefficients of rank3/4 is comparable to that of rank2. In other words, the maximum number of non-zero coefficients across all layers for rank3/4 is limited to  unchanged but Option1 will decrease the size of each bitmap to keep overall overhead of Rank3/4 comparable to that of rank2.
In Option2, there are also some tuples  for Option2 where are for rank1/2 and  for rank3/4. Since  only impact on the maximum number of NZCs, the maximum number of NZCs across all layers for rank3/4 should be limited to  with smaller  (compared to ) to compensate additional reported two bitmaps for layers 3 and 4.  Therefore, Option 2 decreases the number of reporting coefficients to keep the overhead of Rank3/4 comparable to that of rank2.
In Option3, the maximum number of non-zero coefficients per layer and across layers for rank3/4 is the same as that of rank2. However, the maximal CSI overhead of rank 3/4 may be larger than that of rank 2 due to additional reported bitmap(s) for layers 3 and 4. For example, with ,  and , the overhead of rank4 is about 64 bits more than that of rank2. 
Based on above analysis, Option 3 will have larger CSI overhead for rank 4 than that for rank 2 in our understanding. Therefore Figure 9 mainly compares the performance of Option1 and Option2 by different trade-off. The simulation results are provided in Figure 9 by fixing all users to rank4 but the statistic of performance only considers the UPT of dropped users with good RSRP, which is similar as the simulation in the previous part. We assume  and . In our understanding, the payload of rank3/4 should be comparable to that of rank2 for every possible parameter combination. Following the above principle, we consider  with for Option1. For Option2, we consider  with . In the simulation, the worst performance of all simulation cases is assumed as 100%.
It can be observed that Option2 outperformances Option 1, especially at high overhead regime about 10% performance gain. That’s because decreasing  in Option1 would reduce the set of candidate coefficients for selection while Option2 would decrease the maximum number of reporting coefficients. At low overhead regime, the maximum number of reporting coefficient is small. Thus, Option1 has obviously more coefficients for reporting, which could compensate for the disadvantage of smaller set of candidate coefficients. Consequently, Option1 will has the similar or even slightly better performance over Option2. At high overhead regime, there are so much coefficients that the difference between the maximum numbers of reporting coefficients (i.e., 2K0) of two options is small compared with 2K0. For example, for the highest overhead point, 2K0 is 64 and 56 for Option1 and Option 2, respectively. Thus, the smaller set of candidate coefficients could not provide enough freedom for coefficients selection so that the performance will become saturated quickly, while the performance of Option2 could still be improved since there are enough freedom for coefficient selection. Therefore, the performance gain of Option2 can be observed especially at high overhead regime.
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Figure 9 Performance comparison with different options to reduce CSI overhead for rank 3~4
Observation 6: To keep the maximal CSI overhead of rank 3~4 to be comparable to rank 2, Option2 outperformances Option1, e.g., about 20% performance at high overhead regime.
Based on above simulation results and analysis, Option 2 is preferred. Besides, as we have mentioned, considering the payload of rank 2,  condition is applied for every possible combination of parameter when determining pairs of  

Therefore, we have the possible pairs of   as (1/4, 1/8), (1/2, 3/8), (3/4, 5/8) and (1, 7/8).
Proposal 6: For rank 3 and 4 Rel-17 PS codebook, support a pair of parameters of  for indicating the maximum number of non-zero coefficients to be applied to Ranks 1~2 and Ranks 3~4 respectively, with candidate values of (1/4, 1/8, (1/2, 3/8, (3/4, 5/8 and (1, 7/8.

Other Remaining Issues for Rel-17 PS Codebook Enhancement
· Parameter combinations
According to RAN1#106-e agreements, parameter combinations represented by (alpha, , beta) with K1 = alpha*P for Rel-17 PS codebook. Moreover, candidate values of alpha are {1/2, 3/4, 1}, ={1, 2}, and values of beta = {[1/4], 1/2, 3/4, 1}. 
Furthermore, the following principles for reducing parameter combinations can be considered, according to agreements: 
· Principle 1: based on trade-off among UPT performance, feedback overhead, and complexity
· Principle 2: based on all supported ranks
· Principle 3: Limit total number of parameter combinations comparable to Rel-16 eType II
In order to decide exact parameter combinations, the performance and overhead of all supported parameter combinations for 8 ports and 32 ports are shown in Figure 10 and Figure 11, respectively. As shown in the Figure 10 and Figure 11, the performance and overhead of all the supported parameter combinations can be described by the following six curves:
· Curve 1：
· Curve 2：
· Curve 3：
· Curve 4：
· Curve 5：
· Curve 6：
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(a-1) Fixed Rank 1: Curve 1 ~ 6                               (a-2) Fixed Rank 1: Curve 1, 3, 4
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(b-1) Up to Rank 2: Curve 1 ~ 6                                (b-2)  Up to Rank 2: Curve 1, 3, 4
Figure 10. The performance and overhead of parameter combinations (32 ports)
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(a-1) Fixed Rank 1: Curve 1 ~ 6                               (a-2) Fixed Rank 1: Curve 1, 3, 4
[image: ]   [image: ] 
(b-1) Up to Rank 2: Curve 1 ~ 6                                (b-2)  Up to Rank 2: Curve 1, 3, 4
Figure 11. The performance and overhead of parameter combinations (8 ports)
As shown in the Figures 10 and 11, we have following observations for above curves: 
· Curve 2: for Curve 2 with {}, the overhead of the first two point with  and the last two point with  are comparable to that of the two point in the middle with  of the Curve 1 with {} and the Curve 3 with {}, respectively. However, the performance of Curve 1 and 3 are slightly better. This is because that when the number non-zero coefficient is close, compared to Curve 1, port selection of Curve 2 is polarization-common and layer-common which causes some performance loss. For Curve 1,   which means all the ports are selected, and there is no so-called polarization-common and layer-common. Furthermore, when the number of non-zero coefficient is close, Curve 3 occupies more bitmap overhead compared with Curve2, since. 
· Curve 5:  for Curve 5 with {}, the overhead of the first two point with  and the last two point with  are comparable to that of the two point in the middle with  of the Curve 4 with {} and the Curve 1 with {}, respectively. However, the performance of Curve 1 and 4 are slightly better. This is because that when the number of non-zero coefficient is close, port selection is polarization-common and layer-common which causes some performance loss for Curve 5 with {}.  But for Curve 1 and Curve 4,  which means all the ports are selected, and there is no so-called polarization-common and layer-common.
· Curve 6: considering trade-off between the performance and overhead, Curve 1 is consistently better than the Curve 6 in all overhead regime, especially. This is because that when the number of non-zero coefficient is same, for Curve 6 with {}, port selection introduces additional overhead, and port selection is polarization-common and layer-common which causes some performance loss.
 Based on simulation and analysis, the following proposal is suggested for parameter combinations of (alpha, ):
Proposal 7: For parameter combinations of (alpha, ), {alpha = 0.5, =1},  {alpha = 1, =1} and {alpha = 1, =2} are preferred.
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Figure 12. The performance and overhead of the reduced parameter combinations for 32 ports
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Figure 13. The performance and overhead of the reduced parameter combinations for 8 ports
Considering all CSI-RS ports, then for detailed parameter combinations to distribute mean UPT gain equally as much as possible and also support a wide range of payload sizes, following 8 parameter combinations are preferred for Rel-17 as shown in Figure 12 and Figure 13.
	paramCombination-r17
	
	
	
For Rank 1~2
	
For Rank 3~4
	Payload of Rank 2 (32 ports)
	Payload of Rank 2 (8 ports)

	1
	0.5
	1
	0.25
	0.125
	~100 bits
	~20 bits

	2
	0.5
	1
	0.5
	0.375
	~150 bits
	~35 bits

	3
	0.5
	1
	0.75
	0.625
	~200 bits
	~50 bits

	4
	1
	1
	0.5
	0.375
	~250 bits
	~70 bits

	5
	1
	1
	0.75
	0.625
	~400bits
	~100bits

	6
	1
	1
	1
	0.875
	~500bits
	~130bits

	7
	1
	2
	0.5
	0.375
	~580bits
	~150bits

	8
	1
	2
	0.75
	0.625
	~800 bits
	~200 bits


Based on the above simulation and analysis, the following proposal is suggested for parameter combinations.
Proposal 8: For parameter combinations (alpha, , beta), following 8 parameter combinations are preferred.
	paramCombination-r17
	
	
	
For Rank 1~2
	
For Rank 3~4

	1
	0.5
	1
	0.25
	0.125

	2
	0.5
	1
	0.5
	0.375

	3
	0.5
	1
	0.75
	0.625

	4
	1
	1
	0.5
	0.375

	5
	1
	1
	0.75
	0.625

	6
	1
	1
	1
	0.875

	7
	1
	2
	0.5
	0.375

	8
	1
	2
	0.75
	0.625


· RI restriction
RI restriction shall be supported at least, similar with Rel-16 PS codebook and others. To support MU-MIMO operation more efficiently with adaptive SU/MU switching, the gNB may trigger rank 1 only or up to rank 2 PMI reporting. Therefore, RI restriction is beneficial and corresponding R16 PS codebook design for RI restriction can be reused in Rel-17. 
Proposal 9: Support RI restriction for Rel-17 PS codebook by reusing R16 design, i.e., 4 bits are used to indicate the number of ranks respectively. 
· UCI design
Using ceil(log2(*)) bits to report the strongest coefficient indication (SCI) per layer has been agreed last meeting. Different from the SCI design as Rel 16, the strongest coefficient indication (SCI) per layer included the position of selected port and FD base for the strongest coefficient. Therefore, the FD indicator should be assigned to G0, which is the same as port indicator. And for Rel-17 PS codebook, the parameter  in the Rel-16 NP codebook is not needed since it is fixed to 0. So the parameters in UCI Part 2 is divided into 3 groups as follows:
· Group 0 includes: port indicator, FD indicator and SCI(s).
· Group 1 includes: reference amplitudes, the   highest priority elements of differential amplitudes, the   highest priority elements of phase and the 𝜐*−  highest priority elements of bitmaps.
· Group 2 includes: the lowest priority elements of differential amplitudes, the  lowest priority elements of phase and the   lowest priority elements of bitmaps.
In summary, compared with Rel-16, Group 0 adds FD indicator, Group 1 drops FD indicator, , Group2 has no change.
Proposal 10: The FD indicator should be assigned to G0 for Rel-17 PS codebook enhancement, at the same level of port indicator.
UE capability
When the UE supports multiple codebook types, this UE may report conservative values assuming that multiple CSI reports associated with different codebook types are triggered simultaneously, to avoid above issue, UE shall report capabilities of CSI-RS per codebook per codebook-combination additionally. Therefore, FG “Active CSI-RS resources and ports for mixed codebook types in any slot” was introduced in Rel-16. The capability signalling can be a list of supported combination for one codebook in one codebook combination. For example, consider one UE supports Rel-15 Type I single panel codebook and Rel-16 eType II regular codebook with R=1. 
Because more codebook type is introduced, we propose to define mixed codebook types in any slot when the UE supports multiple codebook types. Considering Rel-17 is focusing on port selection codebook enhancement, the following codebook-combination is suggested in Rel-17.
· Codebook 1 = {Type I SP, Type I MP}
· {Codebook 2, Codebook 3} = {{FeType II PS, NULL}, {Type II, FeType II PS },{eType II R=1, FeType II PS }}
Based on the above analysis, we have the following proposal on codebook-combination for Rel-17.
Proposal 11: Add a new UE capability FG for supporting mixed codebook types including Rel-17 PS codebook. 
In [4], UE capability FG 23-9-1, FG 23-9-2 and FG 23-9-3 are proposed for Rel-17 port selection codebook. In order to make those FGs to be complete, more descriptions, candidate values, prerequisite conditions are suggested to the corresponding components. 
Proposal 12: Update FG 23-9-1, FG 23-9-2 and FG 23-9-3 with more descriptions, candidate values, prerequisites and new FG as following: 
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Note
	Mandatory/Optional

	23. NR_FeMIMO
	23-9-1
	Basic Features of Further Enhanced Port-Selection Type II Codebook (FeType-II)
	1. {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support Port-selection FeType-II with Mv=1
2. FFS others
	
	Candidate values for component 1:
· Maximum 16 triplets
· Max # of Tx ports in one resource: {4,8,12,16,24,32}
· Max # resources: {1 to 64}
Max # total ports: {2 to 256}
	Optional

	23. NR_FeMIMO
	23-9-2
	Support of Mv=2 for FeType-II
Mv=2
	1. Support of Mv=2 for FeType-II 
	23-9-1
	{Support, Not support}
	Optional

	23. NR_FeMIMO
	23-9-3
	Support of rank 3, 4 for FeType-II
Rank 3 and 4
	1. Support of rank 3, 4 for FeType-II
	23-9-1
	{Support, Not support}
	Optional

	23. NR_FeMIMO
	New
FG
	Active CSI-RS resources and ports for mixed codebook types in any slot 
	1. Report a list of codebook combinations as {codebook 1, codebook 2, codebook 3}
2. For each codebook combination, report a list of {max number of ports per resource, max number of resources, max number of total ports}
	23-9-1, Rel-15 2-35, Rel-16 16-3a and 16-3b
	Component-1 candidate values:
Codebook 1 = {Type I SP, Type I MP}
{codebook 2, codebook 3} = {{FeType II PS, NULL}, {Type II, FeType II PS },{eType II R=1, FeType II PS }}

	Optional



CSI Enhancement for Multi-TRP
In the following, we focus on CSI enhancement for NCJT where CSI measurement is associated to one single reporting setting.
1.1 CSI measurement Enhancement 
In the last meeting, the issue of undesired phase rotation at receiver is raised in [3] and a related agreement is reached. In [3], we show that if there is DL/UL switching between two CMRs within the same CMR pair configured for NCJT measurement hypothesis, an independent random phase rotation over each receive antenna port is introduced when UE receives the CSI-RS on the above two CMRs. We also show that above random phase rotation at receiver will impact the estimation of the inter-TRP interference so as to cause the mismatch between reported CQI and proper MCS in NCJT scheduling [3].
Besides DL/UL switching, another potential source causing undesired phase rotation between two CMRs within the same CMR pair configured for NCJT is the different power compensation steps in AGC (Automatic Gain Control) used in the reception of two CMRs. In particular, at receiver, the amplitude of RF signal is scaled by AGC into the input range of ADC (Analog-to-Digital Converter), likely per slot up to UE implementation and supported NR features jointly. The large-scale fading experienced by CSI-RSs within different slots may be different and therefore the amplifier in AGC will conduct the different increase steps in the amplitude of received CSI-RSs. Such kind of step adjustment in AGC will cause an independent random phase rotation generally. Consequently, if two CMRs within the same CMR pair configured for NCJT are located in different slots, the different power compensation steps used for the reception of CSI-RSs will give rise to undesired phase rotation and therefore the mismatch between the reported CQI and the proper MCS in NCJT scheduling. Alternatively, complicated and expensive UE implementation can be required to ensure consistent phase alignment for CSI-RS received at different slots. 
Observation 7: DL/UL switching as well as receiving two CMRs within the same CMR pair across slots will cause the issue of undesired/random phase rotation among received CSI-RS ports. 
Comparing with Single-TRP CSI measurement, NCJT measurement requires more memory and power consuming. In particular, to perform joint channel measurement under NCJT measurement hypothesis, UE has to estimate the channel matrix based on one CMR and buffer  complex numbers until the reception of CSI-RS on the other CMR within the same CMR pair. It means the larger interval between time slots receiving two CMRs accordingly for NCJT measurement, the more memory and power consuming at UE.
Based on above observation and analysis, we make the following proposal:
Proposal 13: Two CMRs within the same CMR pair configured for NCJT measurement hypothesis are within the same DL slot.

1.2 CSI Reporting Enhancement 
In last meeting, for a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, six candidate Alts are listed and it was agreed that select at most one alternative in RAN1#106bis-e.
For Alt 1, the RI restriction configured in CodebookConfig is applied to both measurement hypotheses, i.e., single TRP and NCJT measurement hypotheses. To repurpose the legacy RI restriction, the mapping rule between the codepoint RI restriction and RI combinations of {1,1}, {1,2}, {2,1} and {2,2} should be re-defined. Consequently, the particular RI combination for NCJT measurement hypothesis will be coupling with one certain RI value for Single-TRP measurement hypothesis. It will reduce the flexibility of applying RI restriction.
For Alt 3, RI restriction is applied to each CMR in CMR pair for NCJT and per each CMR for Single-TRP. Although the configuration over RI restriction for Alt 3 is the most flexible among all alternatives, it is unclear whether such flexibility is beneficial enough with more complicated RRC signaling.
Alt 5 is a combination of Alt 2 and Alt 4. By Alt 5, NW can configure different RI restriction per TRP and per CSI measurement hypothesis type. Comparing with Alt 2 and Alt4, Alt 5 requires more RRC configuration signaling. In addition, Alt 4 is more aligned with the agreement that a joint RI value among {1,1}, {1,2}, {2,1} and {2,2} is reported for a NCJT measurement hypothesis. Hence we slightly prefer Alt 4.
Proposal 14: For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, two RI restrictions can be configured per CodebookConfig whereas:
· One RI restriction is applied to all Single-TRP measurement hypotheses
· Another RI restriction is applied to all NCJT measurement hypotheses.

1.3 UE capability
In RAN1 #103, to relax the implementation of UE, the support of larger than 32 ports across two CMRs is optional for CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, as following:
Agreement
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, [at least for multi-DCI based and single-DCI based schemes (scheme 1a)], NZP CSI-RS resources for channel measurement are associated to different TRPs/TCI states at resource level resource association configuration and the corresponding CRI codepoint design
· CMRs corresponding to different TRPs respectively shall be configured within the same resource set (i.e. scheme 1-2) and have the same number of ports among CMRs.
· At least ‘typeI-SinglePanel’ codebook is supported 
· FFS: Other codebook types 
· Note that RAN1 shall strive to finalize NCJT CSI enhancement with single reporting setting firstly. 
· The support of larger than 32 ports across two CMRs is optional for a UE supporting Rel. 17 mTRP CSI
Accordingly, FG23-7-2, i.e., support of max # of Tx ports per resource in a resource set for multi-TRP CSI is included in the preliminary UE features in [4]. UE can indicate specific Tx port number of CMR within the same CMR pair configured for NCJT larger than 16, e.g., 24 or 32, to be supported.  It means that multi-TRP CSI measurement with 32 ports across two CMRs is the basic capability for Rel-17 multi-TRP CSI. However for multi-TRP CSI measurement, the CSI (PMI/CQI/RI) should be jointly calculated across two CMRs for the best NCJT performance and requires additional UE memory and complexity. The basic requirement of 32 CSI-RS ports across two CMRs has reduced the flexibility of UE implementation supporting advanced features.
Hence current FG23-7-2 shall support more candidate values with smaller # of CSI-RS ports per resource in a resource set as following:
Proposal 15: Support more candidate values with {2, 4, 8, 12, 16, 24, 32} ports in FG 23-7-2 for better flexibility of UE implementation.
In [4], max # of Tx ports per resource in a resource set and max # resources in a resource set for Multi-TRP CSI are reported in FG23-7-2 and FG23-7-3 separately. Actually, above two FGs are coupling from UE implementation perspective. The larger value of max # of Tx ports per resource, the smaller value of  max # of resources in a resource set for Multi-TRP joint CSI measurement, and vice versa. To simplify signaling and implementation for both gNB/UE, we prefer to combine FG23-7-2 and FG23-7-3 as one new FG and the size of such a parameter list is up to 4, as an example. 
Proposal 16: Combine FG23-7-2 and FG23-7-3 as one FG with pairs of UE capability parameters to reduce fragmentation and simplify gNB/UE implementation.
Moreover, some minor adjustments over FG names, components, prerequisite feature groups and candidate values are also suggested for FG 23-7 family for Rel-17 M-TRP CSI enhancement. 
Proposal 17: Changes/updates for FG23-7 family for Rel-17 MTRP CSI enhancement are suggested as following:  
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	23. NR_FeMIMO
	23-7-1
	Basic Features of CSI Enhancement for Multi-TRP
	1. Support of Nmax=1
2. FFS others
	
	
	{Support, Not support}
	Optional

	23. NR_FeMIMO
	23-7-2
	Support of max # Tx ports per source and max # resources
	1. A list of supported combinations, each combination is {max # of Tx ports per source in a resource set for Multi-TRP CSI, max # resources in a resource set for Multi-TRP CSI}
	23-7-1
	
	Maximum size of the list is 4.
The candidate values for max # of Tx ports per source in a resource set for Multi-TRP CSI is 
{2, 4, 8, 12, 16, 24, 32}

The candidate values for max # resources in a resource set for Multi-TRP CSI is {2, 3, 4, 5, 6, 7, 8}
	Optional

	23. NR_FeMIMO
	23-7-3
	Support of max # resources in a resource set for Multi-TRP CSI
	FFS exact candidate values, Ks,max  is up to 8
	
	
	{Support, Not support}
	Optional

	23. NR_FeMIMO
	23-7-4
	Support of Nmax=2 
	1. Support of Nmax=2 for Multi-TRP CSI
	23-7-1
	
	{Support, Not support}
	Optional

	23. NR_FeMIMO
	23-7-5
	Reuse two CMRs of NCJT for single-TRP measurement 
	1. Whether two CMRs from a CMR pair configured for a NCJT measurement hypothesis can be used for Single-TRP measurement hypotheses
	23-7-1
	Applicable only to FR2 
	{Support, Not support}
	Optional



The UE is not mandated to support simultaneous reception with different QCL-TypeD for Rel-16 NCJT operation. Therefore UE FG 16-2c simultaneousReceptionDiffTypeD-r16 is used to indicate whether UE supports simultaneous reception with different QCL-TypeD reference signal, as 38.306.
However it is unclear whether simultaneousReceptionDiffTypeD-r16 can be applied CSI-IM resources, since one may argue that CSI-IM is not reference signal. Therefore if simultaneousReceptionDiffTypeD-r16 reports “not support” (i.e. such an IE is not reported by UE), NW may be able to configure two CMRs with different QCL-TypeD with a TDM manner, e.g., over different symbols in a slot.
Then according to following agreement in RAN1 #104bis-e:
Agreement 
The UE may assume that QCL-Type D of CMRs associated with a NCJT measurement hypothesis are applied to the corresponding CSI-IM resource.
the UE still have to apply two different QCL-Type D of CMRs associated with a NCJT measurement hypothesis over the corresponding CSI-IM resource simultaneously. Therefore the UE needs to support two receive beams simultaneously which is contradictive to the spirit of FG 16-2c to report “not support”. 
So we have the following proposal:
Proposal 18: Clarify whether FG 16-2c in Rel-16 can apply to both CS-RS and CSI-IM at least. If FG 16-2c cannot cover, e.g. CSI-IM configured for NCJT measurement hypothesis, a new/dedicated FG is needed to indicate whether UE supports simultaneous reception with different QCL-TypeD for CSI-IM resource associated with NCJT measurement hypothesis. 
Conclusions
This contribution provides our views on CSI enhancement based on angle and delay reciprocity and CSI enhancement for multi-TRP. In summary, the following proposals and observations are made.
Proposal 1: N=4 can be supported when =2 with 2 bits to be used for reporting selected two FD components from given DFT window.
Proposal 2: For Mv=2, R= D*  should be supported.
Proposal 3: Support Alt 3 with applicable conditions of bitmap being absent for rank 1 and 2 PMI, whereas the bitmap(s) of indicating non-zero coefficients for corresponding layer(s) can be absent if additional field is reported by UE to inform specific layer.
Proposal 4: For Rank 3~4 Rel-17 PS codebook, support layers 3 and 4 layer-common for port-selection and FD basis subset selection. Moreover, port-selection and FD basis subset selection among layers 1~2 and layers 3~4 can be different.  
Proposal 5: For Rank 3~4, support layer-specific bitmap for indicating non-zero coefficient selection of W2, as rank 1~2. 
Proposal 6: For rank 3 and 4 Rel-17 PS codebook, support a pair of parameters of  for indicating the maximum number of non-zero coefficients to be applied to Ranks 1~2 and Ranks 3~4 respectively, with candidate values of (1/4, 1/8, (1/2, 3/8, (3/4, 5/8 and (1, 7/8.
Proposal 7: For parameter combinations of (alpha, ), {alpha = 0.5, =1},  {alpha = 1, =1} and {alpha = 1, =2} are preferred.
Proposal 8: For parameter combinations (alpha, , beta), following 8 parameter combinations are preferred.
	paramCombination-r17
	
	
	
For Rank 1~2
	
For Rank 3~4

	1
	0.5
	1
	0.25
	0.125

	2
	0.5
	1
	0.5
	0.375

	3
	0.5
	1
	0.75
	0.625

	4
	1
	1
	0.5
	0.375

	5
	1
	1
	0.75
	0.625

	6
	1
	1
	1
	0.875

	7
	1
	2
	0.5
	0.375

	8
	1
	2
	0.75
	0.625



Proposal 9: Support RI restriction for Rel-17 PS codebook by reusing R16 design, i.e., 4 bits are used to indicate the number of ranks respectively. 
Proposal 10: The FD indicator should be assigned to G0 for Rel-17 PS codebook enhancement, at the same level of port indicator.
Proposal 11: Add a new UE capability FG for supporting mixed codebook types including Rel-17 PS codebook.
Proposal 12: Update FG 23-9-1, FG 23-9-2 and FG 23-9-3 with more descriptions, candidate values, prerequisites and new FG as following: 
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Note
	Mandatory/Optional

	23. NR_FeMIMO
	23-9-1
	Basic Features of Further Enhanced Port-Selection Type II Codebook (FeType-II)
	3. {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support Port-selection FeType-II with Mv=1
4. FFS others
	
	Candidate values for component 1:
· Maximum 16 triplets
· Max # of Tx ports in one resource: {4,8,12,16,24,32}
· Max # resources: {1 to 64}
Max # total ports: {2 to 256}
	Optional

	23. NR_FeMIMO
	23-9-2
	Support of Mv=2 for FeType-II
Mv=2
	2. Support of Mv=2 for FeType-II 
	23-9-1
	{Support, Not support}
	Optional

	23. NR_FeMIMO
	23-9-3
	Support of rank 3, 4 for FeType-II
Rank 3 and 4
	2. Support of rank 3, 4 for FeType-II
	23-9-1
	{Support, Not support}
	Optional

	23. NR_FeMIMO
	New
FG
	Active CSI-RS resources and ports for mixed codebook types in any slot 
	3. Report a list of codebook combinations as {codebook 1, codebook 2, codebook 3}
4. For each codebook combination, report a list of {max number of ports per resource, max number of resources, max number of total ports}
	23-9-1, Rel-15 2-35, Rel-16 16-3a and 16-3b
	Component-1 candidate values:
Codebook 1 = {Type I SP, Type I MP}
{codebook 2, codebook 3} = {{FeType II PS, NULL}, {Type II, FeType II PS },{eType II R=1, FeType II PS }}

	Optional



Proposal 13: Two CMRs within the same CMR pair configured for NCJT measurement hypothesis are within the same DL slot.
Proposal 14: For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, two RI restrictions can be configured per CodebookConfig whereas:
· One RI restriction is applied to all Single-TRP measurement hypotheses
· Another RI restriction is applied to all NCJT measurement hypotheses.
Proposal 15: Support more candidate values with {2, 4, 8, 12, 16, 24, 32} ports in FG 23-7-2 for better flexibility of UE implementation.
Proposal 16: Combine FG23-7-2 and FG23-7-3 as one FG with pairs of UE capability parameters to reduce fragmentation and simplify gNB/UE implementation.
Proposal 17: Changes/updates for FG23-7 family for Rel-17 MTRP CSI enhancement are suggested as following:  
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	23. NR_FeMIMO
	23-7-1
	Basic Features of CSI Enhancement for Multi-TRP
	3. Support of Nmax=1
4. FFS others
	
	
	{Support, Not support}
	Optional

	23. NR_FeMIMO
	23-7-2
	Support of max # Tx ports per source and max # resources
	2. A list of supported combinations, each combination is {max # of Tx ports per source in a resource set for Multi-TRP CSI, max # resources in a resource set for Multi-TRP CSI}
	23-7-1
	
	Maximum size of the list is 4.
The candidate values for max # of Tx ports per source in a resource set for Multi-TRP CSI is 
{2, 4, 8, 12, 16, 24, 32}

The candidate values for max # resources in a resource set for Multi-TRP CSI is {2, 3, 4, 5, 6, 7, 8}
	Optional

	23. NR_FeMIMO
	23-7-3
	Support of max # resources in a resource set for Multi-TRP CSI
	FFS exact candidate values, Ks,max  is up to 8
	
	
	{Support, Not support}
	Optional

	23. NR_FeMIMO
	23-7-4
	Support of Nmax=2 
	2. Support of Nmax=2 for Multi-TRP CSI
	23-7-1
	
	{Support, Not support}
	Optional

	23. NR_FeMIMO
	23-7-5
	Reuse two CMRs of NCJT for single-TRP measurement 
	2. Whether two CMRs from a CMR pair configured for a NCJT measurement hypothesis can be used for Single-TRP measurement hypotheses
	23-7-1
	Applicable only to FR2 
	{Support, Not support}
	Optional



Proposal 18: Clarify whether FG 16-2c in Rel-16 can apply to both CS-RS and CSI-IM at least. If FG 16-2c cannot cover, e.g. CSI-IM configured for NCJT measurement hypothesis, a new/dedicated FG is needed to indicate whether UE supports simultaneous reception with different QCL-TypeD for CSI-IM resource associated with NCJT measurement hypothesis. 


Observation 1: For Mv=1, the value of R has no impact on the performance. 
Observation 2: For Mv=2, the mismatch of precoding granularity for beamformed CSI-RS assumed by gNB and UE will give rise to about 2.6% and 0.5% performance loss for 5MHz and 20MHz BW respectively. 
Observation 3: When β = 1 and rank 2 PMI, the probability of bitmap being absent for at least one PMI layer is about 65% and 30% for P=16 ports and P=32 ports respectively. 
Observation 4: For port-selection and FD basis subset selection for rank 4, Option 1 can achieve average gain up to 4% in medium and high overhead regime. 
Observation 5: For the bitmap indicating non-zero coefficient selection for rank 4, layer-specific selection for all layers performs better, with around 8% and 2% gain, in the low and high overhead regimes respectively, assuming the same reporting overhead. 
Observation 6: To keep the maximal CSI overhead of rank 3~4 to be comparable to rank 2, Option2 outperformances Option1, e.g., about 20% performance at high overhead regime.
Observation 7: DL/UL switching as well as receiving two CMRs within the same CMR pair across slots will cause the issue of undesired/random phase rotation among received CSI-RS ports. 


[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[1] “RAN1 #106e Chairman’s Notes”, e-Meeting, August 16th – 27th, 2021.
[2] R1-2105295, Views on Rel-17 CSI enhancements, Samsung.
[3] R1-2106469, Discussion on CSI enhancements for Rel-17, Huawei, HiSilicon.
[4] R1-2108679, Preliminary RAN1 UE features list for Rel-17 NR, AT&T, NTT DOCOMO.

Appendix SLS assumptions for CSI enhancement
	Table A-1 SLS assumptions for CSI enhancement
	Parameter
	Value

	Duplex, Waveform 
	FDD, OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Urban Macro

	Frequency Range
	FR1 only, 2.1GHz, with duplexing gap of 200MHz

	Inter-BS distance
	200m

	Channel model
	According to the TR 38.901 

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

	Antenna setup and port layouts at UE
	2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ
Other configuration is not precluded.

	BS Tx power 
	44dBm

	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 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Simulation bandwidth 
	20 MHz

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	MIMO scheme
	MU-MIMO with rank adaptation

	CSI feedback 
	Feedback assumption: 
· CSI feedback periodicity (full CSI feedback) :  5ms 
· Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms

	SRS Configuration
	· SRS periodicity with 10ms
· Comb: 2
· Number of OFDM symbols: 2

	SRS Error Model
	SRS error Modelling in Table A.1-2 in 36.897. =9dB and detailed derivation of  can be found in R1-144943.

	Calibration error model at gNB
	
amplitude error (expressed in decibels) and phase error are normal distribution with 0.7dB and 5 degrees standard deviation for simulation bandwidth , respectively

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	70%

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

	UE receiver
	MMSE-IRC

	Channel estimation
	Realistic

	Evaluation Metric
	Throughput and CSI reporting overhead



image4.png
136.6%
136.5%
136.4%
136.3%
136.2%
136.1%
136.0%
135.9%
135.8%
135.7%
135.6%

1RB Precoding Granularity of CSI-RS at gNB

136.5%

1RB assumed by UE

135.9%

8RB assumed by UE
(Mismatch)




image5.png
123.9%
123.8%
123.7%
123.6%
123.5%
123.4%
123.3%
123.2%
123.1%
123.0%

8RB Precoding Granularity of CSI-RS at gNB

123.3%

1RB assumed by
UE(Mismatch)

123.9%

8RB assumed by UE




image6.png
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00%

RANK=2,P=K1,Mv=1, Bitmap absent ratio

65.60%

AtLeastOnelayer

16Port

30.30%

BothLayer

27.70%

AtLeastOnelayer

32Port

5.50%
|

BothLayer




image7.png
Up to RANK2, P=K1, Mv=1, Number of saved
feedback bits

12.00 10.76

10.00 8.50

7.19

8.00

6.00

4.00

2.00

0.00
16PortAlt0 16Port Alt2 16 Port,Alt3 32 Port, A0 32Port,Alt2 32 PortAlt3




image8.png
Specific

Layer1 Layer2(| Layer3 Layer4 Layer1 Layer2 Layer3 Layer4
Common Common Common

Option 1 Option 2




image9.png
£ 12000%

115.00%

:

105.00%

100.00%

Relative performa

95.00%

20M P=32,K1=16,N=4,Mv=2,Fixed rank4

00 200 300 400 S00 600

Feedback overhead (bits)

—+—Optionl: Beta
={0.125,0.375,0.625,0.875}

—e—Option2: Beta
={0.125,0.375,0.625,0.875}

700




image10.png
Specific

Layerl Layer2 Layer3 Layerd Layerl Layer2|| Layer3 Layerd
Specific Specific Common

Optionl Option2




image11.png
Relative performance(%)

15000%
145.00%
14000%
135.00%
13000%
125.00%
12000%
11500%
11000%
105.00%

100.00%

20M P=32,K1=16,N=4,Mv=2 Fixed

100 200 300 400 500

Feedback overhead(bits)

600

rank4

—*—Option2: Beta
={0.125,0.375,0.625,0.875}

—s—Optionl: Beta
={0.125,0.375,0.625,0.875}




image12.png
140.0%

130.0%

120.0%

110.0%

100.0%

90.0%

Relative Performance(%)

80.0%

32 Port, N=Mv=2,Fixed Rank4

100 200 300 400
Feedvack overhead(bits)

500

—@— Option1:Alpha34=0.25, Beta={1/4,1/2,3/4,1}
—@— Option2:Alpha=0.5,Beta34={1/8,3/8,5/8,7/8}

600




image13.png
Relative performance(%)

135.00%

130.00%

125.00%

120.00%

115.00%

110.00%

105.00%

100.00%

100

32ports-Fixed rank1 - DFT

200 300 400

Feedback overhead (bits)

500

—e—Mv=1,alpha=1,Beta={0.25,0.5,
0.75,1}

—e—Mv=1,alpha=0.75,Beta={0.25,
0.5,0.75,1}

—=—Mv=1,alpha=0.5,Beta={0.25,0.
5,0.75,1}

—»—Mv=2,alpha=1,Beta={0.25,0.5,
0.75,1}

—*—Mv=2,alpha=0.75,Beta={0.25,
0.5,0.75,1}

—*—Mv=2,alpha=0.5,Beta={0.25,0.
5,0.75,1}




image14.png
Relative performance(%)

135.00%

130.00%

125.00%

120.00%

115.00%

110.00%

105.00%

100.00%

100

32ports-Fixed rank1 - DFT

200 300 400

Feedback overhead(bits)

500

—e—Mv=1,alpha=1,Beta={0.25,0.5,
0.75,1}

—=—Mv=1,alpha=0.5,Beta={0.25,0.
5,0.75,1}

—e—Mv=2,alpha=1,Beta={0.25,0.5,
0.75,1}




image15.png
32ports-Up to rank2 - DFT

1700%

160.0% —s—Mv=1,alpha=1,Beta={0.25,
0.5,0.75,1}
1500% —s—Mv=1,alpha=0.75,Beta={0.

25,0.5,0.75,1}
——Mv=1,alpha=0.5,Beta={0.2

5,0.5,0.75,1}
—+—Mv=2,alpha=1,Beta={0.25,
1200% 0.5,0.75,1}

140.0%

1300%

——Mv=2,alpha=0.75,Beta={0.
25,0.5,0.75,1}

1000% ——Mv=2,alpha=0.5,Beta={0.2
o 200 400 600 800 1000 1200 5,0.5,0.75,1}

Feedback overhead (bits)

Relative performance(%)

1100%




image16.png
1700%

160.0%

150.0%

140.0%

1300%

1200%

Relative performance(%)

1100%

100.0%

32ports-Up to rank2 - DFT

200 400 600 200 1000

Feedback overhead (bits)

——Mv=1,alpha=1,Beta=(0.25,
0.5,0.75,1}

—e—Mv=1,alpha=0.5,Beta={0.2
5,0.5,0.75,1}

——Mv=2,alpha=1,Beta=(0.25,
0.5,0.75,1}

1200




image17.png
Relative performance(%)

1800%

1700%

1600%

1500%

1400%

1300%

1200%

1100%

8 ports-Fixed rankl -DFT

) 0 2 50

Feedback overhead(bits)

&

™

——Mv=1,alpha=1,Beta={0.25,0.
5,0.75,1}

——Mv=1,alpha=0.75,Beta={0.2
505,0.75,1}

——Mv=1,alpha=0.5,Beta={0.25,
0.5,0.75,1}

—+Mv=2,alpha=1,Beta={0.25,0.
5,0.75,1}

—e—Mv=2,alpha=0.75,Beta={0.2
505,0.75,1}

—e—Mv=2,alpha=0.5 Beta={0.25,
0.5,0.75,1}




image18.png
Relative performance(%)

1800%

1700%

1600%

1500%

1400%

1300%

1200%

1100%

8 ports-Fixed rankl -DFT

) 0 2 50

Feedback overhead(bits)

&

™

—e—Mv=1,alpha=1,Beta={0.25,0.
5,0.75,1}

——Mv=1,alpha=0.5,Beta={0.25,
0.5,0.75,1}

—+~Mv=2,alpha=1,Beta={0.25,0.
5,0.75,1}




image19.png
2200%

2000%

180.0%

160.0%

140.0%

120.0%

Relative performance(%)

100.0%

50

8ports-Uptorank2 - DFT

100 150 200

Feedback overhead(bits)

250

300

—s—Mv=1,alpha=1,Beta={0.25,0.5,
0.75,1}

—s—Mv=1,alpha=0.75,Beta={0.25,
0.5,0.75,1}

—s—Mv=1,alpha=0.5,Beta={0.25,0.
5,0.75,1}

—+—Mv=2,alpha=1,Beta={0.25,0.5,
0.75,1}

——Mv=2,alpha=0.75,Beta={0.25,
0.5,0.75,1}

—e—Mv=2,alpha=0.5,Beta={0.25,0.
5,0.75,1}




image20.png
2200%

2000%

180.0%

160.0%

140.0%

120.0%

Relative performance(%)

100.0%

50

8ports-Uptorank2 - DFT

100 150 200

Feedback overhead (bits)

250

—s—Mv=1,alpha=1,Beta={0.25,0.5,
0.75,1}

—s—Mv=1,alpha=0.5,Beta={0.25,0.
5,0.75,1}

—+—Mv=2,alpha=1,Beta={0.25,0.5,
0.75,1}




image21.png
170.0%

160.0%

150.0%

140.0%

130.0%

1200%

110.0%

Relative performance(%)

100.0%

32ports-Up to rank2 - DFT

My=2,a=1,Beta=0.75

Mv=1,a=1,Beta=. Mv=2,a=1,Beta=0.5

=1,Beta=0.75
My=1,a=1,

M{=1,a=0.5,Beta=0.75

3,
My=1,3=0.5,Beta=0.5

My=1,2=0.5,Beta=0.25
200 400 600 200 1000

Feedback overhead(bits)

——Mv=1,alpha=1,Beta={0.25,
0.5,0.75,1}
Mv=1,alpha=0.5,Beta={0.2
5,0.5,0.75,1}

—s—Mv=2,alpha=1,Beta={0.25,
0.5,0.75,1}

1200




image22.png
2200%

2000%

180.0%

160.0%

140.0%

Relative performance(%)

120.0%

100.0%

My=1,a=1,Beta =0.75

8 ports-upto rank2 -DFT

My=2,a=1,Beta =0.75

My=1,a=1,Beta =1

My=1,a5

My=1,3%0.5,Beta =0.75

My=1,

o}

0.5,Beta =0.5

My=1,a=0.5,Beta =0.25

50

100 150 200

Feedback overhead (bits)

250

——Mv=1,alpha=1,Beta={0.25,0.5,
0.75,1}

Mv=1,alpha=0.5,Beta={0.25,0.
5,0.75,1}

—+—Mv=2,alpha=1,Beta={0.25,0.5,
0.75,1}

300




image1.png
RBs

e

j2mk0 j2rkl j2mk2 Jj2mk3 j2mk4 Jj2mk5 j2mk6 j2mk7
exp(— exp(— ) | exp(— exp(— exp(— exp(— exp(— exp(—
P ) | X |exp (=T ) W) | Py [ (=TS |exp(— ) | exp(= )
d,(f) = e~ J2n(f=1Dk/Nrp

Jj2mkO j2mkO Jj2mk0O j2mkO j2rk4 j2rk4 j2mk4 j2rnk4
exp(— exp(— exp(— exp(— exp(— exp(— exp(— exp(—
P N el el Rl S v e el Bl A

d.(f)=e" j2mk|(F~1R/NSEg| /N,




image2.png
142.0%

141.0%

140.0%

139.0%

138.0%

137.0%

136.0%

135.0%

1RB Precoding Granularity of CSI-RS by gNB

141.1%

1RB assumed by UE

137.4%

4RB assumed by UE
(Mismatch)




image3.png
138.0%

137.0%

136.0%

135.0%

134.0%

133.0%

132.0%

4RB Precoding Granularity of CSI-RS by gNB

133.8%

1RB assumed by UE
(Mismatch)

137.3%

4RB assumed by UE




