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1. Introduction
At the 3GPP TSG RAN Meeting #86 new work item (WI) on further enhancements on MIMO (feMIMO) for NR was agreed with WI description in [1]. One of the objectives of the WI is related to CSI enhancements for multi-TRP (MTRP) non-coherent joint transmission (NCJT) and codebook enhancement for FDD reciprocity. The corresponding objective is captured below.
	· Enhancement on CSI measurement and reporting:
a. Evaluate and, if needed, specify CSI reporting for DL multi-TRP and/or multi-panel transmission to enable more dynamic channel/interference hypotheses for NCJT, targeting both FR1 and FR2
b. Evaluate and, if needed, specify Type II port selection codebook enhancement (based on Rel.15/16 Type II port selection) where information related to angle(s) and delay(s) are estimated at the gNB based on SRS by utilizing DL/UL reciprocity of angle and delay, and the remaining DL CSI is reported by the UE, mainly targeting FDD FR1 to achieve better trade-off among UE complexity, performance and reporting overhead


At the RAN1#103-e meeting [2] it was agreed to support enhancements for port selection codebook utilizing DL/UL reciprocity of angle and/or delay. Also, it was agreed that Rel-17 CSI measurement and reporting for DL multi-TRP and/or multi-panel transmission shall be enhanced to support and enable more dynamic channel/interference hypotheses for NCJT. In this contribution CSI enhancements to support MTRP and FDD reciprocity are discussed.
2. Discussion
2.1. CSI enhancements for FDD
Codebook structure for M = 1
[bookmark: _Hlk76559912]At the previous meetings it was discussed how to define Wf matrix for M = 1 and whether Wf matrix is needed or not for that case. Different alternatives were considered including cases where Wf corresponds to an all-one vector with length N3 and where Wf corresponds to a scalar which is equal to one. The following agreement was made at the RAN1#105-e meeting on this issue. Below we consider different cases for Wf from gNB and UE perspective.
	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. 


Reconstruction of a precoding vector from the reported PMI at the gNB (and at the UE for CQI calculation) should be clearly defined in the specification. For the analysis in the tdoc we consider precoding vector which is applied on the CSI-RS ports rather than precoding vector applied on the physical antenna ports (for simplicity). For the case where Wf corresponds to an all-one vector with length N3 the same precoding vector W1W2 is applied for every PMI subband which is aligned with equation for precoding matrix W1W2WfH. For the case where Wf corresponds to a scalar the same precoding vector W1W2 is applied for every PMI subband as for wideband PMI. Thus, reconstruction of a precoding vector from the reported PMI is the same for both cases.
PMI search procedure also relies on the codebook design (including codebook structure). However, PMI search algorithm is not specified, UE vendors can implement any PMI search algorithm which satisfies performance tests agreed in RAN4. The main assumption for PMI search algorithm is the mapping between precoding vectors and PMI which is the same for both cases as it is stated above. Thus, different cases for Wf matrix definition discussed above can have the same PMI search implementation with the same complexity and performance. 
Observation 1: 
· The following cases for Wf definition for M = 1 are equivalent
· Wf corresponds to an all-one vector with length N3
· Wf corresponds to a scalar which is equal to one
Considering the above observation there is no need to discuss different cases for Wf definition for M = 1. Instead, RAN1 can focus on the usage of RRC parameter pmi-FormatIndicator since it is related to Wf definition. In our view for M = 1 and M = 2 this parameter can be ignored since for M = 1 wideband PMI and subband PMI corresponds to the same precoding vectors as discussed above; for M = 2 wideband PMI has no meaning (since there is no 2 orthogonal FD DFT vectors for wideband PMI). Thus, we propose to ignore pmi-FormatIndicator parameter for Rel. 17 PMI codebook. Since this parameter is used in other part of specification formally it can be always set to subbandPMI for Rel. 17 PMI codebook. Also, in our view there is no need to consider configuration with BWP < 24 PRB for the Rel. 17 Type II PMI codebook.
Proposal 1: 
· RRC parameter pmi-FormatIndicator is ignored for Rel. 17 codebook
· It is assumed that pmi-FormatIndicator is always set to subbandPMI
· Configuration with BWP size < 24 PRB is not considered for Rel. 17 codebook
W2 design 
The following agreement was made at the last RAN1 meeting on the reporting of bitmap for coefficient selection in W2 matrix.
	Agreement
If a bitmap for indicating non-zero coefficients can be absent, down-select one Alt from the following for Rel-17 PS codebook:
· Alt 1: At least for rank 1 PMI, the bitmap of indicating non-zero coefficients is not needed if Mv=1 and Beta=1.
· FFS the need for Mv>1 and/or Beta<1
· Alt 2: For rank 1 /2 PMI, the bitmap(s) of indicating non-zero coefficients for corresponding layer(s) is absent if reported KNZ=K1*Mv*rank
· Where KNZ is the number of non-zero coefficients
· Alt 3: In addition to Alt 2, additional field is reported by UE to inform whether the bitmap of indicating non-zero coefficients for specific layer is absent if rank>1.
· Alt 4: The bitmap of indicating non-zero coefficients is not needed if the number of coefficients is sufficiently small, i.e. K1Mv ≤ δ
Note: If none of above Alternative is agreed in RAN1#106bis-e, the bitmap for indicating non-zero coefficient is always present by default.


In the above agreement Alt. 1 and Alt. 2 have different maximum overhead, also they may have different performance since for alt. 1 coefficient amplitude should include codepoint corresponding to zero. In order to compare performance and overhead for alt. 1 and alt. 2 system level simulations were done with simulation assumptions provided in the Appendix. The main difference between alt. 1 and alt 2 is bitmap reporting (impacts overhead) and the first codepoint for amplitude (impacts performance): for alt. 2 it is equal to 1/(8∙sqrt(2)), for alt. 1 it is equal to 0. The following codebook parameter combinations were considered: (P, K1, N, M, K0) = {(8,8,1,1,8), (16,16,1,1,16), (24,24,1,1,24), (32,32,1,1,32)}. In the below figures X-axis corresponds to the maximum overhead for rank 2. 

Figure 1. Average UE throughput for different alternatives

Figure 2. Cell-edge UE throughput for different alternatives
From the above results it can be observed that alt. 1 has better performance/overhead comparing to alt. 2.
Observation 2: 
· Performance/overhead is slightly better if bitmap is not reported by the UE for M = 1 for rank 1,2
Since the above results don’t consider the dynamic overhead reduction for alt. 2, additional study was done. In the below figure cumulative probability distribution for the number of non-zero coefficients per layer is presented for Rel. 17 codebook with K1 = 32, M = 1 and Beta = 1. 
[image: ]
Figure 3. Cumulative probability distribution (CDF) for the number of non-zero coefficients (NNZC) per layer
From the above figure it can be observed that average number of non-zero coefficients is 28.6. Thus, if 7 bits are reported per coefficient and 0 bits are reported for the strongest coefficients the average overhead is 193.2 bits (for 1 layer). If we add overhead for bitmap (32 bits) the average overhead for alt. 2 is 225.2 bits. For alt. 1 average overhead per layer is the same as maximum overhead per layer and equal to 217 bits (31 coefficient × 7 bits per coefficient). Thus, the average overhead for alt. 1 and alt. 2 is similar. Considering the above analysis, our first preference is to support alt 1. As a second priority we are considering omission of the bitmap in case all the coefficients are reported (Alt 2). In this case both maximum overhead and dynamic overhead are reduced without any additional complexity and overhead.
Proposal 2:
· For Beta = 1, consider the below solutions with the corresponding priority
· Priority 1: Bitmap for coefficient selection is not reported for rank 1 and rank 2
· Amplitude and phase for coefficients which are equal to zero are reported by the UE
· Change the value corresponding to the last amplitude codepoint to 0
· Priority 2: Bitmap is not reported if all coefficients are non-zero (KNZ = K1∙M∙RI)
Wf design 
At the last RAN1 meeting the following agreement was made on Wf matrix design.
	Agreement
At least for rank 1/2 and Mv > 1, for relationship between N and Mv, support following alternative
· Alt 2-1: N >= Mv, Wf is layer-common and reported by UE for N>Mv.
· For Mv=2, N=2 and one value from {3, 4, 5}
· RAN1 to select one value from {3, 4, 5} in RAN1#106bis-e
· FFS: how to report Wf in terms of reporting mechanism and associated bits when Mv=2 and N=one value from {3, 4, 5}
Note: Wf is layer-common for N=Mv
Note: For all alternatives, a layer-common window/set of size N is configured.


In the above agreement one value from the list {3, 4, 5} should be selected for N parameter. In our view N = 4 provides reasonable tradeoff between the performance, overhead and UE complexity, i.e. there is no strong reason to support lower or higher value of N.
Proposal 3:
· Support N = 4 for the case with M = 2
Another issue related to Wf is PMI subband size or value of parameter R. At the last RAN1 meeting the following agreement was made on this issue. 
	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


For M = 1 PMI subband size has minor impact on UE complexity, for some PMI search implementations the PMI search complexity is the same for different values of R (e.g. if summation across CSI-RS samples is done). Also, the overhead is the same for M = 1 with different values of R. Thus, in our view at least for M = 1 PMI subband should contain one sample, i.e. R = D*N_PRB_SB, where D is the density of CSI-RS in frequency domain, N_PRB_SB is the number of PRB in a subband for CQI. For the case of M = 2 the complexity is slightly higher with higher R value, however, as it is observed in SLS results presented in the following figures, higher R value leads to significant performance gains for M = 2. The following codebook parameters were used for simulations (P, K1, N, M, K0) = {(8,8,2,2,8), (16,16,2,2,16), (24,24,2,2,24), (32,32,2,2,32)}. 

Figure 4. Average UE throughput for different R value with M = 2

Figure 5. Cell-edge UE throughput for different R value with M = 2
Observation 3: 
· Higher R value leads to significant performance gains for M = 2
Proposal 4:
· For M = 1 and M = 2, support R = D*N_PRB_SB, where D is the density of CSI-RS in frequency domain, N_PRB_SB is the number of PRB in a subband for CQI
Codebook parameters
The following agreement was made at the last RAN1 meeting on the value ranges for the Rel. 17 PMI codebook parameters.
	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



Thus, for M = 1 in total there are 12 parameters combination possible.
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1. (α; β) = (0.50; 0.25)
2. (α; β) = (0.50; 0.50)
3. (α; β) = (0.50; 0.75)
4. (α; β) = (0.50; 1.00)
5. (α; β) = (0.75; 0.25)
6. (α; β) = (0.75; 0.50)
7. (α; β) = (0.75; 0.75)
8. (α; β) = (0.75; 1.00)
9. (α; β) = (1.00; 0.25)
10. (α; β) = (1.00; 0.50)
11. (α; β) = (1.00; 0.75)
12. (α; β) = (1.00; 1.00)

In order to downselect codebook combinations SLS simulations were carried out with different number of CSI-RS ports P = {8,16, 24,32} with the above 12 codebook combinations. SLS results are presented in the following figures.

Figure 6. Average UE throughput for different codebook parameter combinations

Figure 7. Cell-edge UE throughput for different codebook parameter combinations
From the above evaluation results several codebook combinations can be downselected to cover broad range of overhead and throughput. We propose to consider codebook combinations #2, #6, #10 (see the following figures).

Figure 8. Average UE throughput for different codebook parameter combinations


Figure 9. Cell-edge UE throughput for different codebook parameter combinations
In our view for M = 2 the same number of selected CSI-RS ports K1 and number of selected coefficients K0 can be considered. It can be implemented by reducing beta for M = 2 (two times) comparing to M = 1.
Proposal 5: 
· Consider support the following codebook parameters combinations (alpha, M, beta)
· (0.5, 1, 0.5), (0.75, 1, 0.5), (1.0, 1, 0.5)
· (0.5, 2, 0.25), (0.75, 2, 0.25), (1.0, 2, 0.25)
Higher ranks
If the number of selected CSI-RS ports K1, number of selected FD vectors N and M, number of selected coefficients K0 are the same across all the ranks and all the layers, the number of coefficients is increasing linearly with rank. Thus, in this case the feedback overhead is two times larger for rank 4 comparing to rank 2. Thus, some of the codebook parameters shall be different for rank 3 and 4 comparing to rank 1 and rank 2 in order to decrease overhead. In our view parameters K1 and M should be the same for different ranks, while parameter K0 should be decreased proportionally for rank 3 and rank 4. Another solution to decrease overhead for rank 3 and rank 4 is to limit the number of non-zero coefficients across all the layers to 2∙K0 with the same parameters K1, M, K0. Since the both solutions have the same overhead we propose to adopt solution with limited number coefficients across all layers, which is more flexible.
Proposal 6: 
· Parameters K1, N and M should be the same for rank 1-4
· Support the following solution to decrease overhead for rank 3-4
· Limit the maximum number of non-zero coefficients across all layers to 2∙K0 with the same Beta for rank 1-4
For Rel. 16 Type II port selection codebook selection of CSI-RS ports is layer-common. In our view the same approach should be supported for Rel. 17 Type II codebook due to lower PMI search complexity. Also, for M = 1 selection of CSI-RS ports is similar to selection of reported coefficients in W2. Thus, selection of CSI-RS should be layer-common and selection of coefficients in W2 should be layer-specific; otherwise, there is no sense to do both selection of CSI-RS ports and selection of coefficients in W2. For the selection of FD vectors in Wf, in our view it should be layer-common to maintain low PMI search complexity.
Proposal 7: 
· Selection of K1 CSI-RS ports in W1 is layer-common for rank 1-4
· Selection of M FD vectors in Wf is layer-common for rank 1-4
· Selection of K0 coefficients in W2 is layer-specific for rank 1-4
2.2. CSI enhancements for MTRP
CMR configuration
At the last RAN1 meeting the following agreement was made on the CMR configuration for MTRP CSI.
	Agreement
For CSI measurement associated with a CSI-ReportConfig for NC-JT, support following Alt:
· Alt 3: For CMRs configured in the CSI-RS resource set, support RRC signalling to enable/disable single-TRP measurement hypothesis using CMRs configured within CMR pairs for NCJT measurement hypothesis



From the above agreement it can be seen that sharing of the same CMRs for NCJT and STRP can be enabled and disabled by RRC. However, it is not clear if it is possible to share particular CMR for NCJT and STRP while other CMRs are not shared. The support of the above depends on particular RRC signalling design. For example, CMR groups can be configured by configuring CSI-RS resource indexes, e.g. group 1 {C1, C2, …, CN1} and group 2 {D1, D2, …, DN2}; while configuration of CMR pairs can be done by using indexes of CMRs in each group, e.g. (1, 1) corresponds to CMR pair (C1, D1). In this case multiple CMR indexes with the same value can be configured within a CMR group. If CMR sharing is disabled, then it is still possible that the same CMR is used for STRP and NCJT. For example, for the following configuration: CMR group 1 (C1, C1, C2), CMR group 2 (D1, D2, D3), NCJT pairs (1, 1), (3, 2); with disabled CMR sharing CMR C1 is used for STRP despite that it is also used for NCJT.
Proposal 8: 
· CMR groups are configured by configuring list of CSI-RS resource indexes
· Value of CSI-RS resource indexes can repeat multiple times in a CMR group
· CMR pairs for NCJT are configured by configuring indexes of CMRs inside CMR groups
For the update of CMR pairs for NCJT and CMRs for STRP (Single-TRP) using MAC-CE, as we discussed in our contribution [5] dynamic update of CMRs can be supported by using Rel. 15 aperiodic CSI triggering design with configuration of multiple aperiodic CSI reports. However, considering that it was agreed to support configuration with up to 8 CMRs, dynamic update of CMR by using aperiodic CSI triggering is challenging due to large number of required CSI reports. Considering the above, we propose to support MAC-CE based update of CMRs configured for NC-JT and STRP.
Proposal 9: 
· Support MAC-CE based update of CMRs for NCJT and STRP
CSI reporting
At the RAN1#104-e meeting it was agreed to support CSI report with multiple measurement hypothesis including the case where measurement hypothesis for NCJT and STRP are reported by the UE. For this case CSI reporting overhead can be reduced by sharing of RI and PMI for NCJT CSI and STRP CSI. However, sharing of RI and PMI values may lead to degradation of system performance due to different optimal RI value for NCJT and STRP especially for scenarios were number of Tx antennas at the gNB is equal or higher comparing to the number of Rx antennas at the UE. For such scenario RI for STRP may be higher comparing to the number of layers transmitted from the same TRP in NCJT. Thus, if sharing of RI and PMI for NCJT CSI and STRP CSI is supported, enabling/disabling of this feature shall be considered (e.g. via RRC).
Proposal 10: 
· Enabling/disabling of sharing of RI/PMI for NCJT CSI and STRP CSI via RRC shall be considered if sharing of RI/PMI for NCJT CSI and STRP CSI is supported
Omission of PMI for NCJT can be also considered to improve the efficiency of CSI reporting since CSI for NCJT measurement hypothesis is not always needed. For example, in some cases NCJT provides lower transport block size (TBS) comparing to STRP transmission with the same CMR; there is no benefit for system if PMI for NCJT is known for this case since NCJT will not be used for transmission. Also, if channel conditions result in out of range CQI for NCJT CSI (i.e. NCJT cannot be received) there is no value to report PMI for NCJT. Based on SLS evaluations (please see the evaluation parameters in the Appendix) the probability of such event is around 25% for low resource utilization, around 35% for medium resource utilization assuming 2 Tx antennas at the gNB and 4 Rx antennas at the UE.
Observation 4:
· Based on system level evaluations, probability of NCJT CSI omission is 25% for low resource utilization and 35% for medium resource utilization with 2 Tx antennas at the gNB and 4 Rx antennas at the UE
Thus, we propose to support NCJT CSI omission in CSI part 2 (e.g. PMI, LI and CQI for the second codeword) with indication of omission in part 1. For the indication of NCJT CSI omission any bitfield in CSI part 1 can be used. In our view CQI for NCJT (for 1st codeword) can be used for this purpose, i.e. if CQI for NCJT is equal to 0 NCJT CSI measurement hypothesis is not reported by the UE.
Proposal 11: 
· Support omission of CSI for NCJT measurement hypothesis in CSI part 2
· Omission of NCJT measurement hypothesis is indicated in CSI part 1 by using CQI field, i.e. if CQI for NCJT is equal to 0 NCJT CSI measurement hypothesis is not reported by the UE
UCI encoding
In Rel. 15 and Rel. 16 one CSI set (e.g. RI, PMI, CQI) corresponds to a single CSI reporting setting. In Rel. 17 MTRP CSI it was agreed that if multiple CSI measurement hypothesis are reported (i.e. X = 1 and X = 2), multiple CSI sets correspond to a single CSI reporting settings. In this case, it is not clear how to treat different CSI sets from the perspective of UCI encoding. One possible way to handle multiple CSI measurement hypothesis is to consider different CSI measurement hypothesis as separate CSI reports in TS38.212 (Table 6.3.2.1.2-6 and Table 6.3.2.1.2-7). Similar approach can be used for priority rules; if different CSI measurements hypothesis correspond to different CSI report then CSI priority equation from TS38.214 (section 5.2.5) can be used. This priority equation can be modified in order to handle the case where UE is not able to update all X + 1 (e.g. CSI for NCJT can be prioritized over CSI for STRP).
Proposal 12: 
· Different CSI measurement hypothesis are treated as separate CSI reports in TS38.212 (Table 6.3.2.1.2-6 and Table 6.3.2.1.2-7) and for CSI priority equation from TS38.214 (section 5.2.5)
· CSI priority equation from TS38.214 (section 5.2.5) is modified (e.g. CSI measurement hypothesis for NCJT can be prioritized over CSI measurement hypothesis for STRP)
Other
NR supports codebook subset restriction (CBSR) feature from Rel. 15 including CBSR for PMI and RI restriction. For MTRP CSI there are different approaches how to configure CBSR, e.g. jointly or separately per each TRP and per each CMR/CMR pair. Since maximum rank may be different for NCJT and STRP, RI restriction should be configured per each CMR in CMR pair for NCJT and per each CMR for STRP. 
Proposal 13: 
· Support configuration of RI restriction per each CMR in CMR pair for NCJT and per each CMR for STRP
The following agreement was made at the last RAN1 meeting. 
	Agreement
For a CMR pair configured for a NCJT measurement hypothesis, study following Alternatives:
· Alt 1: a separate powerControlOffset (Pc ratio) shall be configured for the NCJT measurement hypothesis by re-defining such Pc ratio as 10log10(P_PDSCH/P_CSIRS) dB, whereas
· P_PDSCH is the energy of PDSCH ports with a same TCI state as the CMR on one subcarrier of one OFDM symbol
· P_CSIRS is the energy of all CSI-RS ports of the CMR multiplexed on one subcarrier of one OFDM symbol
· Alt 2: re-interpret two Pc ratios configured for the CMR pair for the NCJT measurement hypothesis, FFS detailed impact of specification
· Alt 3: No change to definition or configuration of Pc ratio
· Note that other solutions are not excluded.


In our view Alt. 1 can be considered in order to allow flexible Tx power configuration for each TRP for PDSCH transmission. 
Proposal 14: 
· Support the following alternatives for CMR power offset configured for a NCJT measurement hypothesis
· Alt 1: a separate powerControlOffset (Pc ratio) shall be configured for the NCJT measurement hypothesis by re-defining such Pc ratio as 10log10(P_PDSCH/P_CSIRS) dB, whereas
· P_PDSCH is the energy of PDSCH ports with a same TCI state as the CMR on one subcarrier of one OFDM symbol
· P_CSIRS is the energy of all CSI-RS ports of the CMR multiplexed on one subcarrier of one OFDM symbol
The following agreement was made at the last RAN1 meeting w.r.t. CSI quantity "CRI-RI-CQI" support for NCJT. 
	Agreement
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT measurement hypothesis, study whether to support non-PMI CSI reporting with reportQuantity set to "CRI-RI-CQI" in Rel-17
· Related details, if needed, are to be discussed in RAN1#106bis.
· Interested companies are encouraged to share details and related specification impact if support


In our view this feature is important for TDD deployments, so we propose to support it for Rel. 17 MTRP CSI. One particular detail which shall be addressed is configuration of port indexes (RRC parameter non-PMI-PortIndication). Currently this parameter is configured per CSI-RS resource (CMR) which makes it easy to reuse the same configuration structure for MTRP CSI. 
Proposal 15: 
· For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT measurement hypothesis, support non-PMI CSI reporting with reportQuantity set to "CRI-RI-CQI" in Rel-17
Regarding additional constraints proposed for NCJT CSI to reduce UE implementation complexity such as relaxation of CSI computation requirements, in our view this is not necessary since the UE complexity for NCJT can be controlled by limiting the number of parallel CPUs allocated for a CSI report. For NCJT RAN1 agreed that the number of CPUs for occupied for calculation of NCJT CSI hypothesis is two. Also, regarding additional constraints, we think that it is beneficial to constraint the CMR for NCJT to be in the same CDRX active time to avoid unnecessary complications at the UE. 
Proposal 16: 
· Keep the same values for CSI calculation time requirements (Z, Z')
· Two CSI-RS resources for NCJT are restricted with the same CDRX active time but no the same slot
3. Conclusion
In this contribution CSI enhancements to support MTRP NC-JT and FDD reciprocity were discussed. The following proposals and observations were presented. 
Observation 1: 
· The following cases for Wf definition for M = 1 are equivalent
· Wf corresponds to an all-one vector with length N3
· Wf corresponds to a scalar which is equal to one
Proposal 1: 
· RRC parameter pmi-FormatIndicator is ignored for Rel. 17 codebook
· It is assumed that pmi-FormatIndicator is always set to subbandPMI
· Configuration with BWP size < 24 PRB is not considered for Rel. 17 codebook
Observation 2: 
· Performance/overhead is slightly better if bitmap is not reported by the UE for M = 1 for rank 1,2
Proposal 2:
· For Beta = 1, consider the below solutions with the corresponding priority
· Priority 1: Bitmap for coefficient selection is not reported for rank 1 and rank 2
· Amplitude and phase for coefficients which are equal to zero are reported by the UE
· Change the value corresponding to the last amplitude codepoint to 0
· Priority 2: Bitmap is not reported if all coefficients are non-zero (KNZ = K1∙M∙RI)
Proposal 3:
· Support N = 4 for the case with M = 2
Observation 3: 
· Higher R value leads to significant performance gains for M = 2
Proposal 4:
· For M = 1 and M = 2, support R = D*N_PRB_SB, where D is the density of CSI-RS in frequency domain, N_PRB_SB is the number of PRB in a subband for CQI
Proposal 5: 
· Consider support the following codebook parameters combinations (alpha, M, beta)
· (0.5, 1, 0.5), (0.75, 1, 0.5), (1.0, 1, 0.5)
· (0.5, 2, 0.25), (0.75, 2, 0.25), (1.0, 2, 0.25)
Proposal 6: 
· Parameters K1, N and M should be the same for rank 1-4
· Support the following solution to decrease overhead for rank 3-4
· Limit the maximum number of non-zero coefficients across all layers to 2∙K0 with the same Beta for rank 1-4
Proposal 7: 
· Selection of K1 CSI-RS ports in W1 is layer-common for rank 1-4
· Selection of M FD vectors in Wf is layer-common for rank 1-4
· Selection of K0 coefficients in W2 is layer-specific for rank 1-4
Proposal 8: 
· CMR groups are configured by configuring list of CSI-RS resource indexes
· Value of CSI-RS resource indexes can repeat multiple times in a CMR group
· CMR pairs for NCJT are configured by configuring indexes of CMRs inside CMR groups
Proposal 9: 
· Support MAC-CE based update of CMRs for NCJT and STRP
Proposal 10: 
· Enabling/disabling of sharing of RI/PMI for NCJT CSI and STRP CSI via RRC shall be considered if sharing of RI/PMI for NCJT CSI and STRP CSI is supported
Observation 4:
· Based on system level evaluations, probability of NCJT CSI omission is 25% for low resource utilization and 35% for medium resource utilization with 2 Tx antennas at the gNB and 4 Rx antennas at the UE
Proposal 11: 
· Support omission of CSI for NCJT measurement hypothesis in CSI part 2
· Omission of NCJT measurement hypothesis is indicated in CSI part 1 by using CQI field, i.e. if CQI for NCJT is equal to 0 NCJT CSI measurement hypothesis is not reported by the UE
Proposal 12: 
· Different CSI measurement hypothesis are treated as separate CSI reports in TS38.212 (Table 6.3.2.1.2-6 and Table 6.3.2.1.2-7) and for CSI priority equation from TS38.214 (section 5.2.5)
· CSI priority equation from TS38.214 (section 5.2.5) is modified (e.g. CSI measurement hypothesis for NCJT can be prioritized over CSI measurement hypothesis for STRP)
Proposal 13: 
· Support configuration of RI restriction per each CMR in CMR pair for NCJT and per each CMR for STRP
Proposal 14: 
· Support the following alternatives for CMR power offset configured for a NCJT measurement hypothesis
· Alt 1: a separate powerControlOffset (Pc ratio) shall be configured for the NCJT measurement hypothesis by re-defining such Pc ratio as 10log10(P_PDSCH/P_CSIRS) dB, whereas
· P_PDSCH is the energy of PDSCH ports with a same TCI state as the CMR on one subcarrier of one OFDM symbol
· P_CSIRS is the energy of all CSI-RS ports of the CMR multiplexed on one subcarrier of one OFDM symbol
Proposal 15: 
· For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT measurement hypothesis, support non-PMI CSI reporting with reportQuantity set to "CRI-RI-CQI" in Rel-17
Proposal 16: 
· Keep the same values for CSI calculation time requirements (Z, Z')
· Two CSI-RS resources for NCJT are restricted with the same CDRX active time but no the same slot
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Appendix
Table 1. Evaluation assumptions for FDD CSI
	Parameter
	Value

	Scenario
	Dense Urban (Macro only)

	Layout
	Hexagonal grid with 2 tiers (19 sites)

	ISD
	200 m

	Carrier frequency
	2 GHz DL, 1.8 GHz UL 

	Simulation bandwidth
	20 MHz with 15 kHz subcarrier spacing, 104 PRB

	Tx power
	44 dBm

	UE distribution
	Uniform

	UE antenna configuration
	2 Rx X-pol slant 0/90 degrees

	BS antenna configuration
	16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8) λ

	Traffic model
	FTP 1 with 0.5 Mbytes packet size, high traffic load (~70% resource utilization)

	TRP association
	RSRP based,
Handover margin = 0 dB

	Transmission mode
	MU-MIMO with rank adaptation

	Scheduling
	Proportional Fair

	OLLA
	10% BLER target

	MU-MIMO precoding
	MMSE, 8 BS layers max

	Elevation beamforming
	One vertical beam per TXRU electrically down-tilted to 100 degrees

	UE receiver
	MMSE-IRC

	UE noise figure
	9 dB

	HARQ
	4 HARQ transmissions max

	CSI
	10 ms periodicity, 4 ms delay, subband CQI with 8 PRB CQI subband size, max rank 2.
Dynamic CSI-RS overhead is considered in the number of RE for PDSCH transmission.



Table 2. Evaluation assumptions for MTRP CSI
	Parameter
	Value

	Scenario
	Indoor hotspot

	Layout
	Indoor hotspot grid with 4 sites

	ISD
	20 m

	Carrier frequency
	4 GHz

	Simulation bandwidth
	10 MHz with 15 kHz subcarrier spacing, 52 PRB

	Tx power
	33 dBm

	UE distribution
	Uniform

	UE antenna configuration
	4 Rx X-pol slant 0/90 degrees, dH = 0.5 λ

	BS antenna configuration
	2 Tx X-pol slant -45/45 degrees

	Traffic model
	FTP 1 with 0.5 Mbytes packet size

	TRP association
	RSRP based
Handover margin = 0 dB

	Transmission mode
	SU-MIMO with rank adaptation, STRP and MTRP

	Scheduling
	Proportional Fair, wideband

	OLLA
	10% BLER target

	MU-MIMO precoding
	N/A

	Elevation beamforming
	N/A

	UE receiver
	MMSE-IRC

	UE noise figure
	9 dB

	HARQ
	No HARQ retransmission

	CSI
	5 ms periodicity, 4 ms delay, wideband CQI and PMI




Average UE throughput

Rel. 17, Alt. 2	122	250	378	506	-4.6581002900671127	5.0998639404826518	11.429446582565127	15.470939810567463	Rel. 17, Alt. 1	106	218	330	442	-5.2143736607608844	4.9241116478572655	11.349192518905205	14.31191648961927	Rel. 16	192	304	416	524	0	8.5854809736699558	10.997962764440716	14.288009109076238	106	218	330	442	106	218	330	442	106	218	330	442	Overhead (bits)


Performance gain (%)




Cell-edge UE throughput

Rel. 17, Alt. 2	122	250	378	506	-3.8324438234642155	8.3302690627278473	16.475042701613173	18.169407256835889	Rel. 17, Alt. 1	106	218	330	442	-1.6987046974349496	7.4757906147635333	14.805767778007084	19.929387678646403	Rel. 16	192	304	416	524	0	5.1984190043819822	4.1328707273150522	10.705007707853254	106	218	330	442	106	218	330	442	106	218	330	442	Overhead (bits)


Performance gain (%)




Average UE throughput

R = 1	128	258	388	516	0	3.7186852225459477	4.1687720949476814	2.7667078611619544	R = 2	128	258	388	516	1.0693800316327939	4.7790140829031769	6.7143095460713509	6.5971708576581634	R = 8	128	258	388	516	4.6102944543306767	13.465657337780712	18.985040437497936	21.90438614234791	R = 4	128	258	388	516	0.76864204585147533	4.4816753432576517	7.2149266097820686	7.363933220963359	Overhead (bits)


Relative gain (%)




Cell-edge UE throughput

R = 1	128	258	388	516	0	4.3447532546667889	5.0597985649046162	4.3580020606496683	R = 2	128	258	388	516	1.8130743235471813	6.0379130267204095	7.0379750970684274	8.0675848107504713	R = 8	128	258	388	516	5.4095751119285662	16.045807108204645	23.366428521455607	26.901471025107739	R = 4	128	258	388	516	3.1524777007684079	5.7917757548028748	8.3412166158153731	7.2902877073497407	Overhead (bits)


Relative gain (%)




Average UE throughput

#1	15	51	78	104	0	6.2198555677263734	10.1859241285021	13.853997775823967	#2	37	79	120	160	6.2823888979687492	16.543841898769006	21.334354053188775	25.981549207760413	#3	51	107	162	216	10.734101868514422	21.282124447396257	29.461834754111148	33.051192237909973	#4	65	135	204	272	13.777345590043332	24.603923640967796	31.154527660347874	36.963907598751675	#5	20	73	104	147	0.89474425137603397	11.979719346650031	15.355766598028042	20.039000714273001	#6	56	115	174	231	11.452529689505964	23.036457748091731	30.633831535193767	34.709434041314921	#7	70	157	230	315	16.313740500731132	27.457133372300447	36.050586318569344	41.278409346526843	#8	98	199	300	399	20.362023368311299	29.922978405601363	38.604138090148311	44.211733334840872	#9	44	90	136	180	6.9430726229052553	16.809941028923081	21.480518109883896	26.381827533884206	#10	72	146	220	292	16.39167971651856	26.907919132954628	34.999567802585219	40.89415740890572	#11	100	202	304	404	20.117124413935137	31.854535212545954	40.427201492405949	45.637505981535554	#12	128	258	388	516	21.901838199036838	33.862444143176759	42.804806671168841	47.085901193239721	Overhead (bits)


Performance gain (%)




Cell-edge UE throughput

#1	15	51	78	104	0	10.293592541274865	19.993741982530477	18.445738627583275	#2	37	79	120	160	12.111554442869977	29.694759938332972	32.162325570333785	37.843638240840292	#3	51	107	162	216	15.192222777079433	31.845499342362913	42.917466091173573	42.546626051281102	#4	65	135	204	272	21.046330424343651	36.821669615231031	40.363420950850035	50.367397239693368	#5	20	73	104	147	0.74458226863536314	20.783817593811293	24.621585922390832	30.89663958129567	#6	56	115	174	231	20.529755165194953	33.790367740882864	41.062714314193926	45.59631175777448	#7	70	157	230	315	28.124995063322533	39.95527773328638	50.410543797427486	55.547851496975589	#8	98	199	300	399	30.593724506214691	40.714457240248251	48.75798852879845	55.560692268312614	#9	44	90	136	180	11.644711313551026	26.687959707328133	32.201633659603715	36.465435974169267	#10	72	146	220	292	22.704920825686536	38.225989456876832	51.229298201019112	54.656970819236619	#11	100	202	304	404	29.652643875903273	45.964419211123023	53.755487750278988	60.577007207725167	#12	128	258	388	516	31.870763300895778	45.593569638278808	54.240399059904007	56.419809312971658	Overhead (bits)


Performance gain (%)




Average UE throughput

#2	37	79	120	160	6.2823888979687492	16.543841898769006	21.334354053188775	25.981549207760413	#6	56	115	174	231	11.452529689505964	23.036457748091731	30.633831535193767	34.709434041314921	#10	72	146	220	292	16.39167971651856	26.907919132954628	34.999567802585219	40.89415740890572	#1	15	51	78	104	0	6.2198555677263734	10.1859241285021	13.853997775823967	#3	51	107	162	216	10.734101868514422	21.282124447396257	29.461834754111148	33.051192237909973	#4	65	135	204	272	13.777345590043332	24.603923640967796	31.154527660347874	36.963907598751675	#5	20	73	104	147	0.89474425137603397	11.979719346650031	15.355766598028042	20.039000714273001	#7	70	157	230	315	16.313740500731132	27.457133372300447	36.050586318569344	41.278409346526843	#8	98	199	300	399	20.362023368311299	29.922978405601363	38.604138090148311	44.211733334840872	#9	44	90	136	180	6.9430726229052553	16.809941028923081	21.480518109883896	26.381827533884206	#11	100	202	304	404	20.117124413935137	31.854535212545954	40.427201492405949	45.637505981535554	#12	128	258	388	516	21.901838199036838	33.862444143176759	42.804806671168841	47.085901193239721	Overhead (bits)


Performance gain (%)




Cell-edge UE throughput

#2	37	79	120	160	12.111554442869977	29.694759938332972	32.162325570333785	37.843638240840292	#6	56	115	174	231	20.529755165194953	33.790367740882864	41.062714314193926	45.59631175777448	#10	72	146	220	292	22.704920825686536	38.225989456876832	51.229298201019112	54.656970819236619	#1	15	51	78	104	0	10.293592541274865	19.993741982530477	18.445738627583275	#3	51	107	162	216	15.192222777079433	31.845499342362913	42.917466091173573	42.546626051281102	#4	65	135	204	272	21.046330424343651	36.821669615231031	40.363420950850035	50.367397239693368	#5	20	73	104	147	0.74458226863536314	20.783817593811293	24.621585922390832	30.89663958129567	#7	70	157	230	315	28.124995063322533	39.95527773328638	50.410543797427486	55.547851496975589	#8	98	199	300	399	30.593724506214691	40.714457240248251	48.75798852879845	55.560692268312614	#9	44	90	136	180	11.644711313551026	26.687959707328133	32.201633659603715	36.465435974169267	#11	100	202	304	404	29.652643875903273	45.964419211123023	53.755487750278988	60.577007207725167	#12	128	258	388	516	31.870763300895778	45.593569638278808	54.240399059904007	56.419809312971658	Overhead (bits)


Performance gain (%)
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