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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 last meeting 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 last RAN1 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 conformance 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.
Proposal 1: 
· RRC parameter pmi-FormatIndicator is ignored for Rel. 17 codebook
· It is assumed that pmi-FormatIndicator is always set to subbandPMI
W2 design 
At the last RAN1 meeting [3] the following agreement was made on quantisation of coefficients in W2.
	Agreement
For the quantization of W2 coefficient, reusing following Rel-16 quantization mechanism for Rank1 at least:
· Two polarization-specific reference amplitudes:
· for the polarization associated with the strongest coefficient, the reference amplitude is not reported
· for the other polarization, reference amplitude is quantized to 4 bits
· The alphabet is{1, 1/2)^(1/4), (1/4)^(1/4), (1/8)^(1/4), …, (1/2^14)^(1/4), [Reserved]} (-1.5dB step size)
· For coefficients other than the strongest coefficient
· differential amplitude is calculated relative to the associated polarization-specific reference amplitude and quantized to 3 bits
· The alphabet is {1, 1/sqrt(2), 1/2, 1/(2*sqrt(2)), 1/4, 1/(4*sqrt(2)), 1/8, 1/(8*sqrt(2))} (-3dB step size)
· phase is quantized to 16PSK
· For the reserved state for reference amplitude, down-select one Alt 
· Alt 1: it is kept to be reserved
· Alt 2: it is replaced as (1/2)^(15/4)
· Alt 3: it is replaced as (1/2)^(3/8)
Note: whether/how SCI is supported for R17 codebook will be discussed separately


As it can be seen from the above agreement, value corresponding to one codepoint for reference amplitude is open with three alternatives listed in the agreement. According to our evaluations there is no significant difference between the alternatives. Thus, we propose to support alt. 1: keep reserved state for reference amplitude as reserved for Rel. 17 codebook. 
Proposal 2: 
· Reserved state for reference amplitude is kept being reserved
The following text was captured in the Chairman’s Notes from the last RAN1 meeting [3].
	For future RAN1 meeting:
Study whether/how the bitmap for indicating non-zero coefficients for W2 can be absent for CSI reporting
· FFS: applicable conditions of being absent, e.g. Mv=1 and Beta =1 for rank 1 or higher ranks
· FFS: additional impact for reporting mechanism when/how the bitmap is absent
· Note: The principle of UE determining the real number of NZC (same as Rel-15 and Rel-16) is unchanged in Rel-17
based on trade-off among UPT performance, feedback overhead and complexity


For the case with Beta = 1 all the coefficients can be reported in W2. In this case bitmap for coefficient selection is not needed since all the codepoints of this bitmap are equal to one. However, even if Beta = 1, for some channel realizations, some coefficients may be equal to zero. So, there are two alternatives how to handle zero coefficients with Beta = 1.
· Alt. 1: Bitmap for coefficient selection is reported, bitmap indicates which coefficients are zero; amplitude and phase for coefficients which are equal to zero are not reported by the UE;
· Alt. 2: Bitmap for coefficient selection is not reported; amplitude and phase for coefficients which are equal to zero are reported by the UE, amplitude indicates if a coefficient is zero
Obviously, alt. 1 and alt. 2 have different maximum overhead, also they may have different performance since for alt. 2 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. 1 it is equal to 1/(8∙sqrt(2)), for alt. 2 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 results overhead 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. 2 has better performance/overhead comparing to alt. 1.
Observation 2: 
· Performance/overhead is better if bitmap is not reported by the UE for M = 1
Since the above results doesn’t consider the dynamic overhead reduction for alt. 1, 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. Alt. 1 for bitmap reporting was considered for the below results.
[image: ]
Figure 3. Cumulative probability distribution (CDF) for the number of non-zero coefficients (NNZC) per layer
From the above results 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. 1 is 225.2 bits. For alt. 2 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, we propose to support alt 2.
Proposal 3:
· For Beta = 1, 
· Bitmap for coefficient selection is not reported
· Amplitude and phase for coefficients which are equal to zero are reported by the UE
· Change the value corresponding to the last codepoint to 0
Wf design 
At the last RAN1 meeting the following working assumption and agreements were made on Wf design. 
	Working Assumption
At least for rank 1, FD bases used for Wf quantization are limited within a single window with size N configured to the UE whereas FD bases in the window must be consecutive from an orthogonal DFT matrix, i.e. Alt 1 
· FFS: Further dependence/restriction, e.g. conditioned on N3 or the number of CSI-RS ports, can be applied to above design. If does, how to support a non-consecutive FD bases used for Wf quantization 
· FFS: Whether to introduce thresholds for N3 and/or P

Agreement
For Wf in CN3*Mv, Mv=2 is supported for R17 PS codebook 
· FFS: whether further dependence/restriction, i.e. conditioned on the number of CSI-RS ports, can be applied to Mv=2
· FFS: Whether Mv=4 can be supported for # of CSI-RS ports, e.g. 4 or 8
Agreement
At least for rank 1 and 2 and Mv > 1, for relationship between N and Mv, study and down-select one alternative from following in RAN1#106-e
· Alt 1: N= Mv always, no UE reporting of Wf
· Alt 2-1: N >= Mv, Wf  is layer-common and reported by UE for N>Mv.
· Alt 2-2: N >= Mv, Wf is layer-specific and reported by UE for N>Mv.
Note: Wf is layer-common for N=Mv
Note: For all alternatives, a layer-common window/set of size N is configured.



In order to finalize the Wf design several leftovers should be addressed including confirmation of the above working assumption, resolving FFS points and down selecting alternatives in the above agreements. 
Regarding the working assumption, in our view consecutive window for FD bases is simple solution which provides sufficient flexibility and robustness against FDD delay reciprocity errors. Configuration of non-consecutive window requires additional RRC or MAC CE configuration which complicates specification. Thus, we propose to confirm the working assumption. Furthermore, we propose support consecutive FD basis without any conditions.
Proposal 4: 
· Confirm working assumption from RAN1#105-e on FD bases used for Wf quantization
· Consecutive window for FD bases used for Wf quantization is supported for all the codebook parameter combinations and for any number of PMI subbands N3 and CSI-RS ports P
Regarding the agreement on M value, in our view additional constraints for the number of CSI-RS ports on the value of M are not needed since the main benefit of M = 2 is robustness against FDD delay reciprocity errors which is applicable for any CSI-RS port configuration. Regarding the support of higher M value (e.g. M = 4), in our view it is not needed.
Proposal 5: 
· Support M = 2 without additional constraints on the number of CSI-RS ports 
In the last agreement in the above box three alternatives are considered for the size of the window for FD vectors selection, including cases with N = M and N > M. Also, for N > M layer-specific or layer-common Wf are considered. For M = 1 we propose to support N = 1 only. For M = 2, in our view at least N = 2 should be supported for Rel. 17 codebook. Support of N = 4 for M = 2 can be considered but only with layer-common Wf to maintain low PMI search complexity. 
Proposal 6:
· Support N = 1 for M = 1
· Support at least N = 2 for M = 2
· If N = 4 is supported, layer-common Wf should be considered
Another issue related to Wf is PMI subband size or value of parameter R. At the RAN1#104b-e meeting [4] the following agreement was made on this issue. 
	Agreement
At least for rank 1, regarding the value(s) of R for Rel-17 PS codebook enhancement, study and down-select one or more than one Alternative (or a subset of corresponding values) in RAN1 105e:  
· Alt 0:  R < 1 (e.g. 1/4, 1/2)
· Alt 1: R=1
· Alt 2: R=1 and 2
· Alt 3: R=1,2, 4, and 8
· Alt 4: R= {1,2,…, D*NPRBSB} whereas D is the density of CSI-RS in frequency domain
· FFS: applicable conditions: e.g. Wf turned ON/OFF and/or associated value of Mv
· FFS: Whether this applies when Wf is turned OFF
Note that “at least for rank 1” does not imply for the support of rank 1 only in Rel-17 or restrictions of supporting/not supporting additional alternatives for higher rank.


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 same approach can be considered since the complexity and overhead is similar for different values of R.
Proposal 7:
· At least for M = 1, 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
Higher ranks
At the last RAN1 meeting [3] it was agreed to support rank 2 for Rel. 17 Type II codebook. Rel. 16 Type II codebook supports higher ranks including rank 3 and rank 4. If rank 3 and rank 4 is not supported by the Rel. 17 codebook, in order to support PDSCH transmission with 3-4 layers with accurate PMI additional CSI report with Rel. 16 Type II codebook should be configured which will lead to higher CSI overhead and UE complexity. Thus, rank 3-4 should be supported for Rel. 17 Type II codebook.
Proposal 8: 
· Support rank 3-4 for Rel. 17 Type II codebook
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.
Proposal 9: 
· Parameters K1, N and M should be the same for rank 1-4
· Support one of the following solutions to decrease overhead for rank 3-4
· Alt. 1: Decrease Beta for rank 3 and rank 4 comparing to Beta for rank 1, 2
· Alt. 2: 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 10: 
· Selection of K1 CSI-RS ports in W1 is layer-common
· Selection of M FD vectors in Wf is layer-common
· Selection of K0 coefficients in W2 is layer-specific
2.2. CSI enhancements for MTRP
CMR configuration
At the last RAN1 meeting the following agreements were made on the CMR configuration for MTRP CSI.
	Agreement
For CSI measurement associated with a CSI-ReportConfig for NC-JT, study whether/how to support following dynamic updating on, e.g. by MAC-CE
· Alt 1: CMR pairs for NCJT measurement hypotheses
· Alt 2: CMRs for Single-TRP measurement hypotheses
· Alt 3: TCI states in CMRs
· Alt 4: the number of single-TRP CSIs (i.e. X=0/1/2) in a NCJT CSI report
Agreement 
For CSI measurement associated with a CSI-ReportConfig for NC-JT, down-select one or more Alts in RAN1#106-e:
· Alt 2: additional RRC signalling is needed to configure M (M≤ Ks) CMRs from the CSI-RS resource set for CMR for Single-TRP measurement hypotheses
· Example: For a given set of {{#0, #1}, {#2, #3}} with N=1, {#0, #2} are for NCJT measurement hypothesis. Additional RRC signaling may select {#0,#3} (if sharing is allowed), or {#1, #3} (if not allowed), or select any from the set for single-TRP measurement hypotheses. 
· Alt 3: For CMRs configured in the CSI-RS resource set, support RRC signalling to enable/disable single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement hypothesis
· Example: For a given set of {{#0, #1}, {#2, #3}} with N=1, {#0, #2} are for NCJT measurement hypothesis. If gNB enables the sharing, {#0, #1, #2, #3} are for single-TRP measurement. If gNB disable the sharing, {#1, #3} are for single-TRP measurement hypotheses. 
· Alt 4: CMR sharing between single-TRP measurement hypothesis and NCJT measurement hypothesis is realized by configuring the same value of CMR ID for single-TRP CMR and NCJT CMR pair.
· Example: When the UE supports sharing, for a given set of {{#0, #0}, {#2, #3}} with N=1, {#0, #2} are for NCJT measurement hypotheses, the rest {#0, #3} are for single-TRP measurement hypotheses. The CMRs for STRP can be updated by re-configuring the CSI resource set.
Note that above examples are only for the purpose of illustrating/discussing Alternatives. 


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.
Regarding the additional higher layer configuration to select M CMRs for STRP from the set of Ks CMRs, in our view such additional configuration can be used for FR2, where CMR for NC-JT and STRP are different. In such case subset of CMRs is used for NCJT only and other subset of CMRs is used for STRP only. Also, for FR1 selection of M CMRs for STRP can be used in order to reduce the complexity of CSI calculation at the UE side. 
Proposal 11: 
· Support MAC-CE based update of CMRs for NCJT and STRP
· Support configuration of M < Ks CMRs for STRP (Alt. 2)
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 12: 
· 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 3:
· 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 13: 
· 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 14: 
· 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)
Codebook subset restriction (CBSR)
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. In our view it is reasonable to configure CBSR for PMI per CMR. 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 15: 
· Support configuration of CBSR for PMI per each CMR
· Support configuration of RI restriction per each CMR in CMR pair for NCJT and per each CMR for STRP
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
Proposal 2: 
· Reserved state for reference amplitude is kept being reserved
Observation 2: 
· Performance/overhead is better if bitmap is not reported by the UE for M = 1
Proposal 3:
· For Beta = 1, 
· Bitmap for coefficient selection is not reported
· Amplitude and phase for coefficients which are equal to zero are reported by the UE
· Change the value corresponding to the last codepoint to 0
Proposal 4: 
· Confirm working assumption from RAN1#105-e on FD bases used for Wf quantization
· Consecutive window for FD bases used for Wf quantization is supported for all the codebook parameter combinations and for any number of PMI subbands N3 and CSI-RS ports P
Proposal 5: 
· Support M = 2 without additional constraints on the number of CSI-RS ports 
Proposal 6:
· Support N = 1 for M = 1
· Support at least N = 2 for M = 2
· If N = 4 is supported, layer-common Wf should be considered
Proposal 7:
· At least for M = 1, 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 8: 
· Support rank 3-4 for Rel. 17 Type II codebook
Proposal 9: 
· Parameters K1, N and M should be the same for rank 1-4
· Support one of the following solutions to decrease overhead for rank 3-4
· Alt. 1: Decrease Beta for rank 3 and rank 4 comparing to Beta for rank 1, 2
· Alt. 2: Limit the maximum number of non-zero coefficients across all layers to 2∙K0 with the same Beta for rank 1-4
Proposal 10: 
· Selection of K1 CSI-RS ports in W1 is layer-common
· Selection of M FD vectors in Wf is layer-common
· Selection of K0 coefficients in W2 is layer-specific
Proposal 11: 
· Support MAC-CE based update of CMRs for NCJT and STRP
· Support configuration of M < Ks CMRs for STRP (Alt. 2)
Proposal 12: 
· 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 3:
· 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 13: 
· 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 14: 
· 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 15: 
· Support configuration of CBSR for PMI per each CMR
· Support configuration of RI restriction per each CMR in CMR pair for NCJT and per each CMR for STRP
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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. 1	122	250	378	506	-4.6581002900671127	5.0998639404826518	11.429446582565127	15.470939810567463	Rel. 17, Alt. 2	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. 1	122	250	378	506	-3.8324438234642155	8.3302690627278473	16.475042701613173	18.169407256835889	Rel. 17, Alt. 2	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 (%)
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