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Introduction
In [1], two work-item were scoped for Rel-17 further CSI enhancement:
4. 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.
For mTRP CSI, we discuss some remaining details related to NCJT CSI for single-DCI based multi-TRP schemes, as well as preferred framework for multi-DCI based mTRP.
For FDD CSI, we discuss some details related to codebook structure.
Discussion on CSI enhancement for mTRP
In this section, we discuss the following aspects for NCJT CSI with single reporting setting for single-DCI based mTRP scheme(s).
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Regarding the default value of max number of CSI-RS resources in a CSI-RS resource set (minimum UE capability), the following were agreed in the previous meeting:
Agreement
For a CSI-RS resource set with Ks NZP CSI-RS resources configured for CMR and N NZP CSI-RS resource pairs configured for NCJT measurement hypotheses, study following default value of Ks,max,
· Alt 1: Ks,max = 4
· Alt 2: Ks,max = 2
· Alt 3: Ks,max = 4 for FR2, and Ks,max = 2 for FR1
· Note that default value means the minimal supported value for Ks,max in UE capability reporting, if UE support this feature.

We think the only reasonable choice is Alt2 (Ks,max = 2) as a UE supporting this value should still be able to claim that it supports NCJT CSI. The minimum that is needed is configuration of a pair of CMRs for NCJT CSI. Even in FR2, UE may or not be capable of CMR sharing. Even if UE is not capable of CMR sharing in FR2, network may still be only interested in NCJT CSI and not sTRP CSIs, which is possible by either configuring X=0 in Option 1 for CSI reporting, or by using one of the alternatives discussed in the previous meeting to disable some CMRs for sTRP CSI hypotheses. When network configures only a single NCJT hypothesis (one CMR pair), 2 NZP-CSI-RS resources are sufficient. Hence, we propose:

Proposal 1: For a CSI-RS resource set with Ks NZP CSI-RS resources configured for CMR and N NZP CSI-RS resource pairs configured for NCJT measurement hypotheses, support Alt2 for the default value of Ks,max,
· Alt 2: Ks,max = 2
· Note that default value means the minimal supported value for Ks,max in UE capability reporting, if UE support this feature.

With respect to configuring a subset of CMRs for sTRP CSI hypotheses, the following three alternatives (Alt2, Alt3, Alt4) were agreed in the previous meeting for down-selection:
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. 

As can be seen even from the examples, the flexibility in Alt2 is not really needed, e.g., when the additional RRC signaling selects {#0,#3} for single-TRP hypotheses, it is not clear why gNB configured CMR #1 as it is neither used for the NCJT CSI hypothesis (in the CMR pair) nor for a single-TRP CSI hypothesis. Hence, the additional RRC overhead of Alt2 may not be justified. With respect to Alt4, gNB configures the same CMR ID more than one time in the CSI-RS resource set or in a CMR group. This Alt does not have the drawback of Alt2 (CMRs that are unused), but still is not as straightforward as Alt3, which only requires a single bit to configure and indicate CMR sharing or not. In addition, Alt3 is more consistent with the UE capability aspect that is already agreed. Hence, we propose:

Proposal 2: For CSI measurement associated with a CSI-ReportConfig for NC-JT, support Alt3:
· 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

The following additional aspects have been also discussed in the previous meeting for further study:
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

For the dynamic updating by MAC-CE (whether to update CMR paring, CMRs for single-TRP hypotheses, TCI state update, or the value of X), we do not see a strong use case for that in the context of NCJT CSI. For AP-CSI, the existing structure of triggering states and MAC-CE sub-selection is very flexible and can achieve the same purpose (128 different triggering states can map to different CSI report settings with different parameters, and MAC-CE / DCI can select/trigger an appropriate one). For SP-CSI on PUSCH, the situation is very similar to the case of AP-CSI. For SP-CSI on PUCCH, MAC-CE can already activate one of four CSI report settings (hence, different CSI report settings can be configured with different params and one of them can be activated by MAC-CE using the Rel. 15/16 mechanisms).

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

Regarding the first issue above, two aspects need to be clarified: a) Number of CRI codepoints for both Option 1 and Option 2 with or without CMR sharing between NCJT and single-TRP b) CRI codepoint mapping in Option 2.
Regarding a), if there are M1 sTRP hypotheses in the first CMR group and M2 sTRP hypotheses in the second CMR group, the number of CRI codepoint for different options are determined as:
· Option 1: 
· X=0: N
· X=1: N and M1+M2 for the two CRIs
· X=2: N, M1, and M2 for the three CRIs
· Option 2: M1+M2+N
Note that when CMR sharing is enabled, M1=K1 and M2=K2; otherwise, M1 / M2 are the number of CMRs in the first / second CMR group that do not appear in a CMR pair corresponding to a NCJT hypothesis.
Regarding b), the CRI codepoints can be first mapped to single-TRP hypotheses (M1+M2). Then, the remaining CRI codepoints (N) are mapped to the N NCJT hypotheses. 
An example with the above is illustrated in Figure 1 assuming that CMR sharing is not enabled, each CMR group contains 3 CMRs, and 2 CMR pairs are configured for NCJT CSI hypotheses: 
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[bookmark: _Ref77433821]Figure 1: Illustration of number of CRI codepoints and CRI codepoint mapping for different options.
Proposal 3: For a CSI report setting with K1 and K2 CMRs in the first and second CMR groups, and N CMR pair configured for NCJT CSI hypotheses  
· M1 and M2 are the number of valid single-TRP hypotheses in the first and second CMR groups
· If CMR sharing is enabled: M1=K1 and M2=K2
· If CMR sharing is not enabled: M1 / M2 are the number of CMRs in the first / second CMR group that do not appear in a CMR pair.
· The number of CRI points is
· Option 1: 
· X=0: N
· X=1: N and M1+M2 for the two CRIs
· X=2: N, M1, and M2 for the three CRIs
· Option 2: M1+M2+N
· The first M1+M2 CRI codepoints are mapped to the single-TRP hypotheses, and the remaining N CRI codepoints are mapped to NCJT hypotheses

For RI reporting, a joint field reported in CSI part 1 is agreed:
Agreement
Support the indication of following RI combinations by a joint RI field for a NCJT measurement hypothesis in CSI part 1, when the maximal transmission layers is less than or equal to 4:    
· {1, 1}, {1, 2}, {2,1}, {2,2}
· FFS: CBSR and/or RI restrictions per TRP or across TRPs

Note that at least in Option 2, the size of the part 1 CSI should be fixed irrespective of whether single-TRP or NCJT CSI is reported. Without rank restriction, the number of rank combinations is 4 corresponding to {1+1,1+2,2+1,2+2} as agreed. In Rel. 15, rank restriction is configured with “typeI-SinglePanel-ri-Restriction” which indicates the allowed ranks by a bitmap. Then, the RI field size is , where  is number of allowed rank indicators as determined from “typeI-SinglePanel-ri-Restriction”. Similarly, for NCJT CSI, we can have a RRC configuration to determine the allowed rank combinations from the 4 possibilities, which can be a bitmap of size 4. This results in  allowed rank combinations.
For Option 1, given that the NCJT CSI and single-TRP CSIs are separated, and the number of single-TRP CSIs (X)  in the CSI report setting is RRC-configured, the size of the RI field should be  bits. For Option 2, the maximum size among single-TRP and NCJT should be assumed so that CSI part 1 can be decoded by the gNB (because whether the CSI corresponds to single-TRP or NCJT is not known before decoding CSI part 1). As a result, the size of the RI field should be  bits.
For LI, as in Rel. 15, it should be reported in CSI part 2. For indicating the 2 LI’s, 0/1/2 bits are required depending on the indicated rank combination in CSI part 1. If the indicated rank combination is 2+2, then 2 bits are needed; if the indicated rank combination is 1+2 or 2+1, only 1 bit is needed; if the indicated rank combination is 1+1, no LI is required.
Proposal 4: For RI and LI reporting of a NCJT CSI, the two RI’s and LI’s are based on 
· Introduce a RRC configuration for NCJT rank restriction with 4-bit bitmap, which determines the number of allowed rank pairs  out of {1+1,1+2,2+1,2+2} rank pair hypotheses
· The size of the RI field is
· When Option 1 is configured:  bits.
· When Option 2 is configured:  bits.
· The two LI’s are reported in CSI part 2, which require 2 / 1 / 0 bits depending on the indicated rank pair.

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

For the case of Option 1 with X=1 or 2, an order of the two or three CSI reports associated with the CSI-ReportConfig is needed for at least the following purposes:
· UCI payload construction
· CSI omission for CSI part 2
[bookmark: _Hlk77454246]The order can be, for example, based on the single-TRP CSI report(s) being first / having a higher priority compared to the NCJT CSI report. Note that in the current specification, each CSI is assigned a priority for payload construction or UCI omission, which is described as , where  represents the CSI type (AP/SP/P CSI report),  corresponds to whether CSI report carries L1-RSRP / L1-SINR or not,  is the CC index, and  is the reportConfigID. In Option 1 with X=1 or 2, given that two or three CSI’s may be reported for a given reportConfigID, the priority of the CSI can be described by an additional index  as , where  corresponds to single-TRP CSI and  corresponds to the NCJT CSI for X=1, or  corresponds to single-TRP CSI and  corresponds to the NCJT CSI for X=2.
Note that if the order is captured in the priority formula, both UCI construction and CSI omission are automatically taken care of. For UCI payload construction, 38.212 mentions that “where CSI report #1, CSI report #2, …, CSI report #n in Table 6.3.2.1.2-6 correspond to the CSI reports in increasing order of CSI report priority values according to Clause 5.2.5 of [6, TS38.214].” Similarly, CSI part 2 omission rule described in 38.214 Section 5.2.3 is based on the CSI priority. Given the large payload for NCJT CSI especially in the case of Option 1 with X=1 or 2, UL resources may not be enough to carry the payload. In such cases, CSI omission rule is an effective and simple way to transmit the CSI partially, and is consistent with the legacy behavior. On the other hand, PMI / RI sharing proposed by some companies in the previous meeting is effectively for the same purpose, but with much more involved and complicated rules and procedures. 
In the previous meeting, some companies mentioned that changing the priority formula may have some other impacts such as UCI multiplexing rules for overlapping PUCCH resources, or for CPU handling. Regarding the former, 38.213 mentions that
-	if the UE is not provided multi-CSI-PUCCH-ResourceList or if PUCCH resources for transmissions of CSI reports do not overlap in the slot, the UE determines a first resource corresponding to a CSI report with the highest priority [6, TS 38.214]
-	if the first resource includes PUCCH format 2, and if there are remaining resources in the slot that do not overlap with the first resource, the UE determines a CSI report with the highest priority, among the CSI reports with corresponding resources from the remaining resources, and a corresponding second resource as an additional resource for CSI reporting 

Obviously, since the PUCCH resource is the same for all CSIs in Option 1 with X=1 or 2, the above rule is not impacted by the update in CSI priority formula. Note that this rule above is for selecting a resource (and not a CSI within the resource). Hence, we do not think there is any issue. Furthermore, the updated priority formula should not impact the CPU handling since CPU is not for a reported CSI, but for all CSI hypotheses in a CSI report setting that the UE evaluates.
Proposal 5: For a CSI report setting with Option 1 with X=1 or 2 and reportConfigID=s, CSI priority is , where  corresponds to single-TRP CSI(s) and NCJT CSI within the CSI report setting, respectively.
· This ordering is for the purpose of UCI payload construction as well as CSI omission for CSI part 2.
· This ordering does not impact PUCCH resource selection for UCI multiplexing, or CPU occupation handling.
The following was agreed before regarding UCI of a NCJT CSI:
Agreement 
A 2-part CSI report is supported in Rel-17 for a CSI reporting configuration associated with NCJT measurement hypothesis with following clarifications:
· Within CSI part 1
· CRI, RI, WB CQI and SB CQI for the first CW are reported with consistent payload and zero padding (if needed). FFS further details
· FFS whether RI can be shared between NCJT CSI and single-TRP CSIs to reduce CSI feedback overhead
· FFS whether additional field is needed, at least for Option 2
· Within CSI part 2:
· FFS further compression/omission/Sharing of PMI among Single-TRP and NCJT hypotheses

With respect to CSI part 2 of a NCJT CSI (in either Option 1 or Option 2), it should include two PMIs and two LIs. Furthermore, for the NCJT CSI in the subband part of CSI part 2, the order between even/odd subbands versus first/second PMIs should be decided. The two possibilities are illustrated in Figure 4. In each Alt, UCI packing is from top to bottom and UCI omission is from bottom to top.
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[bookmark: _Ref68121879]Figure 2: Subband part of CSI part 2 for NCJT CSI.
Proposal 6: In the NCJT CSI, for subband part of CSI part 2, adopt one of the following alternatives for the order between even/odd subbands versus first/second PMIs:
· Alt1: Even and odd subbands of the first PMI are placed first followed by even and odd subbands of the second PMI.
· Alt2: Even subbands of the first and second PMIs are placed first followed by the odd subbands of the first and second PMIs.
In addition, since 2 RIs/PMIs/LIs are reported in a NCJT CSI, there needs to be an association between then and the CMR pair so that UE and gNB are on the same page as to which RI/PMI/LI is associated to which CMR. Given that it is agreed that the CMR pair are always from two CMR groups (they cannot belong to the same CMR group), then natural association is based on the CMR grouping.
Proposal 7: For a NCJT CSI corresponding to a CMR pair, the first RI/PMI/LI is associated with the CMR in the first CMR group, and the second RI/PMI/LI is associated with the CMR in the second CMR group.

Another issue that requires clarification is related to powerControlOffset or “Pc ratio”, which is configured per NZP CSI-RS resource and is defined as ratio of PDSCH EPRE to NZP CSI-RS EPRE when UE derives CSI feedback. More accurate definition of Pc ratio for Rel. 15 was concluded as below:
Conclusion (RAN1 #96bis)
It is common understanding in RAN1 that:
· The powerControlOffset (“Pc”) ratio is defined as [image: ] dB
· Where
· PPDSCH is the energy of total PDSCH ports multiplexed on one subcarrier of one OFDM symbol
· PCSIRS is the energy of all CSI-RS ports multiplexed on one subcarrier of one OFDM symbol
The above was only noted and not captured in the spec in Rel. 15 as the definition of Pc ratio was straightforward. In the case of NCJT, each CMR may be used as in Rel. 15 for a single-TRP hypothesis in which case the above definition still applies. However, when CMR is used in a CMR pair for a NCJT hypothesis, then the CMR is from one TRP while “total PDSCH ports” are from both TRPs since  layers have the first TCI state and another  layers have the second TCI state in SDM scheme. Then, the definition above may require some change. In addition, in Option 2, UE evaluates all NCJT and single-TRP hypotheses and reports only the best one. This Pc ratio assumption and definition plays an important role for UE to determine the best CSI hypothesis. Therefore, it makes sense to have a separate configuration and definition of Pc ratio when it is used in an individual CMR versus when it is used in a CMR pair. The need for separate configuration is for gNB to be able to control the fairness among single-TRP CSI hypotheses versus NCJT CSI hypotheses due to a different definition that is required for Pc ratio. 
Proposal 8: For a CMR configured in a CMR pair for a NCJT CSI hypothesis, a separate powerControlOffset (Pc ratio) can be configured, which is defined as the energy of PDSCH ports with a same TCI state as the CMR on one subcarrier of one OFDM symbol divided by the energy of all CSI-RS ports of the CMR multiplexed on one subcarrier of one OFDM symbol.
Discussion on CSI enhancement for FR1 FDD reciprocity
In RAN1 #104-e, a three-stage codebook W1*W2*Wf was agreed for Rel-17 FDD CSI.  In this section, we discuss remaining details in each part of the codebook structure.
Discussion on Wf quantization
Regarding quantization of Wf, following agreements were made in RAN1 #105-e [2]
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
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.

From these working assumption and agreement, there are two open issues. The first open issue is whether the window-based pre-configured set is only applied to specific configurations, while non-consecutive basis set is applied to other configurations. In our view, the non-consecutive basis set seems more flexible, but its benefit is unclear. Specifically, the gNB determines the basis set based on SRS measurement, it seems impossible to figure out the best basis set in downlink due to the non-ideal reciprocity in real world channel. The benefit of window-based approach is saving RRC signalling. Since the starting point of the window is fixed to FD basis 0, network only needs to configure the size of the window. Besides, a unified design for all codebook configurations is preferred to save implementation complexity. From these perspective, window-based approach is sufficient for Wf quantization.
Proposal 9: Confirm the working assumption that the window-based pre-configured set is applied to all codebook configurations.
The second open issue lies in the size of the window. In our view, window size N being equal to the number of FD basis used for PMI reporting, i.e, N=M, should be sufficient (no need of Wf reporting). Figure 3 provides a performance comparison among the 3 alternatives considering N=M=2 for Alt1 and {N,M}={4,2} for Alt2-1 and Alt2-2. For Alt1, since the window comprises FD basis 0 and 1 for PMI reporting, the UE may determine the best adjacent FD basis pair for SVD calculation and W2 quantization. For Alt2, since the window comprises FD basis {0,1,2,3}, the candidate FD basis pair may be {0,1}, {0,2} and {0,3}. UE may not only consider adjacent FD basis pairs, but also consider FD basis pair with offset 2 and 3. After finding the best FD basis pair, UE may perform SVD calculation and W2 quantization. For Alt2-2, since basis pair selection is layer-specific, UE may first find best location of the window, secondly perform SVD of size K1*N (where N=4), and thirdly perform per-layer basis-pair selection and W2 quantization. 
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Figure 3. Performance comparison of alternatives regarding relationship between M and N
As shown, Alt1 and Alt2-1 achieve almost same performance. The reason is that since the CSI-RS is precoded with FD basis, the desired taps are more or less co-located. It seems to be a corner case where the two selected taps are non-adjacent. Besides, Alt2-2 is worse than Alt1 and Alt2-1 because the FD-basis pair selection is performed after SVD operation, which may not beneficial for the orthogonality among layers. From complexity aspect, more Wf hypothesis require additional complexity in PMI optimization. Also, if Wf is layer-specific, the size of SVD may increase to K1*N as UE may have to do SVD to obtains layers and perform basis selection afterwards. Hence, we observe and propose
Observation 1: The benefit of N > M in performance enhancement is unclear. It also requires additional reporting overhead of Wf, and additional complexity in PMI searching and SVD operation.
Proposal 10: For Rel-17 FDD CSI, support window size equal to the number of FD bases in Wf quantization, i.e., N=M. No UE reporting of Wf is needed.
· For M=1, the FD basis in Wf is DFT basis 0; 
· For M=2, the FD bases in Wf are DFT basis 0 and FD basis 1.
Moreover, it is noteworthy that although the window is a set for Wf quantization, it does not imply that UE will only measure PMI on the taps per FD bases within the window. In practical wireless system, there would be timing mismatch between UL channel and downlink channel. The gNB may determine the preferred SD/FD bases based on uplink channel and apply it for CSI-RS precoding. By doing so, the desired taps of each port are aligned at tap 0 if there is no UL/DL timing mismatch. However, due to UL/DL timing mismatch, the desired tap may shift to other taps. In this case, although the configured window is FD basis 0 to 3, UE may slide the window in delay domain to find the best location for PMI measurement. 
The above operation is UE implementation. It cannot and should not be specified, because the spec only defines the interface between UE and the gNB, the inside implementation cannot be tested. Besides, there may be other method of solving timing offset. For instance, the UE may employ FFT-based wideband channel estimation, during the channel estimation process, UE will be able to know where the desired tap is located and perform the PMI calculation accordingly. 
Observation 2: Window/set for is for Wf quantization (limiting the max gap between two FD bases), and does not imply any specific UE implementation in PMI measurement/calculation.
Proposal 11: For Rel-17 FDD CSI, the pre-configured window does not imply any specific UE implementation in PMI calculation.
Discussion on number of PMIs per CQI subband
Regarding number of PMIs per CQI subband, i.e., R value. Following agreement was made in RAN1 104bis-e.
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.
The intention of supporting R > 1 PMIs per CQI subband is to have a sub-subband level granularity of PMI. In our view, finer PMI granularity can be achieved by gNB implementation. First, CSI-RS beamforming can be in RB-level (i.e., the FD basis used in CSI-RS beamforming is in RB granularity). In this scheme, the final precoder obtained by combining reported PMI and CSI-RS precoder would be RB-specific. Another approach is via PMI interpolation. More specifically, UE may obtain RB-level channel after CSI-RS channel estimation, and then project to delay domain for W2 calculation. When constructing frequency domain PMI, UE may apply a Wf of size  to the calculated W2, while network could replace it by a Wf of size . In this way, there is no difference in the final PMI of R=1 compared to R = d*NPRBSB.
The usefulness of defining R > 1 in the spec is to improve CQI accuracy. With R > 1, UE calculate subband CQI with multiple different precoders. With R=1, although network can obtain same PMI as R > 1 via interpolation, each subband CQI is computed using a common PMI. Such CQI may not match the precoder obtained via PMI interpolation. However, since CQI is obtained via 4-bit quantization, the CQI mismatch may not be noticeable. 
From implementation perspective, subband CQI computation with different PMIs requires additional change in CQI implementation. It also increases the complexity in PMI construction because the Wf in PMI construction can go to 19*R (upto 273 if RB-level PMI is supported). Although R=2 is captured in Rel-16 eType II codebook, it is not under consideration in the first round of Rel-16 deployment.
Observation 3: Network can obtain same precoder with R=1 and R > 1 via implementation, i.e., RB-level CSI-RS precoding and/or PMI interpolation (replacing the Wf in reported PMI with RB-level Wf).
Observation 4: R value impacts CQI calculation, but the benefit might not be noticeable.
Observation 5: R > 1 increases complexity in PMI construction because the DFT size goes up to 19*R.
Proposal 12: For Rel-17 FDD CSI, no need to define R in the spec or only support R=1 PMI per CQI subband.
Discussion on parameter combinations
In the last meeting, following agreements were made regarding number of selected ports, number of FD basis and coefficients [2].
Agreement
Further reduction for possible parameter combinations among codebook parameters of Rel-17 port selection codebook, e.g. {K1, Mv, Beta}, will be discussed jointly once candidate values are determined
· based on trade-off among UPT performance, feedback overhead, and complexity
· based on all supported ranks
· Limit total number of parameter combinations comparable to Rel-16 eType II
· Exact parameters (e.g. with 2 or 3 parameters) within each combination are FFS
· Other parameterizations of codebook parameter (e.g. alpha with K1= Alpha*# of CSI-RS ports and Alpha <=1) are not excluded
Agreement
At least for rank 1 and 2, for the compression coefficient Beta for non-zero coefficients of W2, values of Beta are {[1/4], 1/2, 3/4, 1} 
· Note: [1/4] means that 1/4 is also a candidate value for the discussion on reduction of parameter combinations, but has a lower priority compared to other beta values
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
In Rel-17 FDD CSI, the candidate number of selected ports are K1={[2], [4], [8], [12], [16], [24], [32]}, the number of FD bases are M={1, 2}, while the candidate number of non-zero coefficients are based on ratio beta={1, ¾, 1/2, [1/4]}. In our view, there are many overlapped parameter combinations of {K1, M, beta} that yield similar payload (e.g., parameter candidates that have similar number of non-zero coefficients, i.e., K0=K1*M*beta), so it is essential to perform down-selection to save implementation and testing effort. 
Regarding total number parameter combinations, we think keeping the same number as Rel-16 eType II is a reasonable option. Considering a 20MHz DL BWP, the highest payload of Rel-16 eType II is around 800 bits, hence 8 parameter combinations provide good separation in payload to support UEs ranging from cell centre to edge. Supporting parameter combinations with larger payload than Rel-16 eType II is not preferred. 
Besides, since Rel-17 FDD CSI has fewer number of FD bases than Rel-16 eType II CSI, the number of selected ports should be larger than that in Rel-16 eType II CSI to achieve comparable performance. From this perspective, small numbers of K1, i.e., 2, 4, 8, 12, may not be useful. Hence, based on the discussion, we propose
Proposal 13: Support parameter combinations of {K1, beta, M}, and total number of different combinations should not exceed Rel-16 eType II codebook (regardless of number of CSI-RS ports).
UCI design considerations
In last meeting, there was a discussion regarding how to report the strongest coefficient. There are 5 alternatives for strongest coefficient indication (SCI):
· Alt 0 : Reporting of the position, [il*, fl*], of the strongest coefficient of layer l using ceil(log2(K0)) bits, where K0=Beta*K1*Mv
· Alt 1-1: Reporting of the position, [il*, fl*], of the strongest coefficient of layer l, using ceil(log2(K1*Mv)) or ceil(log2(K1))+ceil(log2(Mv)) bits
· Alt 1-2: Reporting of the position, [il*, fl*], of the strongest coefficient of layer l, using ceil(log2(K1*Mv)) or ceil(log2(K1))+ceil(log2(Mv)) bits, and shifting of the strongest coefficient to position fl*=0
· Alt 2: shifting the strongest coefficient to fl* = 0, and using ceil(log2(N)) bits to indicate the shift quantity for l-th layer. The strongest coefficient is indicated by il*, using ceil (log2(K1)) for l-th layer.
· Alt 3: SCI is not needed so that the SCI in R16 codebook is replaced with a strongest polarization indicator (1 bit) 
Among these options, Alt0 and Alt1-1 are most straightforward ways. Alt0 explicitly reports the location of the strongest coefficient among non-zero coefficients, while Alt1-1 explicitly reports the location of the strongest coefficient among all coefficients (zeros and non-zeros). Alt1-2 has same payload as Alt1-1, but requires an additional shifting operation. In our view, this operation is unnecessary as it provides no benefit but complicates the spec and implementation. Alt2 is similar to Alt1-2 on shifting the strongest coefficient to FD basis 0, but requires higher overhead. In Alt3, the strongest coefficient is always quantized via 7-bit though it is equal to 1, and an extra 1-bit is needed to indicate its polarization. The payload (total 8-bit per layer) is higher than Al0 and Alt1-1 as the maximum of K1*M is 64, meaning only 6-bit is needed per layer. Based on the discussion, we propose
Proposal 14: Support Alt0 or Alt1-1 for SCI reporting.
Another aspect discussed in last meeting is whether the bitmap used for reporting location of non-zero coefficients can be absent. In general, the bitmap is redundant if all coefficients are non-zeros. However, this condition requires many conditions. First, it is obvious that a necessary condition is that network configures beta=1. Secondly, it depends on reported rank. If UE report RI > 2, the maximum number of non-zero coefficients should be 2K1*M out of total RI*K1*M coefficients to keep the payload is comparable to rank-2, so the bitmap cannot be absent for RI > 2. Third, even if UE report RI <= 2, the UE may also report the actual number of non-zeros which is likely to be smaller than K1*M*RI. Based on the discussion, it can be seen that bitmap being redundant only exists in extreme corner cases, and it is preferred to keep a unified and clean UCI design. Hence, we observe and propose
Observation 6: bitmap can only be absent in extreme corner cases, i.e., beta=1 and RI<=2 and actual number of non-zeros = K1*M*RI.
Proposal 15: For Rel-17 FDD CSI, support UE reporting of actual number of non-zero coefficients, and the bitmap for reporting location of non-zero coefficients always exists.
In Rel-16 eType II CSI, the coefficients and bitmap are packed based on priority function. The priority function first maps coefficients across layers, secondly maps coefficients across port indices and thirdly maps coefficients across FD basis indices. In addition, the FD bases are permuted based on their offset to FD basis 0. The motivation of these packing order is to keep high rank as much as possible, and keep coefficients close to FD basis 0 as much as possible when UCI omission occurs. In our view, such FD permutation and coefficient shuffling across layers require unnecessary implementation complexity but the gain in throughput in unclear. The reason is that UCI omission only occurs in corner case, and optimization for such corner case is unnecessary because the omitted PMI can be hardly used in scheduling and MU pairing. 
Hence, based on the discussion, we prefer a more natural order for coefficient mapping. That is, first across port indices, secondly across FD basis indices, and thirdly across layers. In addition to complexity reduction, another benefit is that the coefficient of the 1st layer can be kept as much as possible even though UCI omission occurs. For instance, if UE reports rank-2, UE may omit large proportion of the coefficients in 2nd layer and all coefficients in 1st layer may be kept (if 2nd layer has larger or equal number of coefficients as 1st layer). Such omitted PMI can be still used in scheduling rank-1 transmission and the precoder of rank-1 is obtained and CQI is conservative (CQI is calculated assuming rank-2, it can be used for rank-1 transmission with BLER<=0.1). 
Observation 7: In Rel-16 eType II UCI packing and omission, FD permutation and coefficient shuffling across layers require unnecessary implementation complexity but the gain in throughput in unclear.
Observation 8: mapping coefficients per layer can keep full precoder of the 1st layer as much as possible.
Proposal 16: For Rel-17 FDD CSI, do not support FD permutation in UCI packing and omission, and support mapping coefficients first across port indices, secondly across FD basis indices, and thirdly across layers.

Conclusion
In this contribution, we discuss issues related to CSI enhancement for mTRP and FR1 FDD reciprocity. For mTRP CSI, we propose:
Proposal 1: For a CSI-RS resource set with Ks NZP CSI-RS resources configured for CMR and N NZP CSI-RS resource pairs configured for NCJT measurement hypotheses, support Alt2 for the default value of Ks,max,
· Alt 2: Ks,max = 2
· Note that default value means the minimal supported value for Ks,max in UE capability reporting, if UE support this feature.

Proposal 2: For CSI measurement associated with a CSI-ReportConfig for NC-JT, support Alt3:
· 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
Proposal 3: For a CSI report setting with K1 and K2 CMRs in the first and second CMR groups, and N CMR pair configured for NCJT CSI hypotheses  
· M1 and M2 are the number of valid single-TRP hypotheses in the first and second CMR groups
· If CMR sharing is enabled: M1=K1 and M2=K2
· If CMR sharing is not enabled: M1 / M2 are the number of CMRs in the first / second CMR group that do not appear in a CMR pair.
· The number of CRI points is
· Option 1: 
· X=0: N
· X=1: N and M1+M2 for the two CRIs
· X=2: N, M1, and M2 for the three CRIs
· Option 2: M1+M2+N
· The first M1+M2 CRI codepoints are mapped to the single-TRP hypotheses, and the remaining N CRI codepoints are mapped to NCJT hypotheses

Proposal 4: For RI and LI reporting of a NCJT CSI, the two RI’s and LI’s are based on 
· Introduce a RRC configuration for NCJT rank restriction with 4-bit bitmap, which determines the number of allowed rank pairs  out of {1+1,1+2,2+1,2+2} rank pair hypotheses
· The size of the RI field is
· When Option 1 is configured:  bits.
· When Option 2 is configured:  bits.
· The two LI’s are reported in CSI part 2, which require 2 / 1 / 0 bits depending on the indicated rank pair.

Proposal 5: For a CSI report setting with Option 1 with X=1 or 2 and reportConfigID=s, CSI priority is , where  corresponds to single-TRP CSI(s) and NCJT CSI within the CSI report setting, respectively.
· This ordering is for the purpose of UCI payload construction as well as CSI omission for CSI part 2.
· This ordering does not impact PUCCH resource selection for UCI multiplexing, or CPU occupation handling.

Proposal 6: In the NCJT CSI, for subband part of CSI part 2, adopt one of the following alternatives for the order between even/odd subbands versus first/second PMIs:
· Alt1: Even and odd subbands of the first PMI are placed first followed by even and odd subbands of the second PMI.
· Alt2: Even subbands of the first and second PMIs are placed first followed by the odd subbands of the first and second PMIs.

Proposal 7: For a NCJT CSI corresponding to a CMR pair, the first RI/PMI/LI is associated with the CMR in the first CMR group, and the second RI/PMI/LI is associated with the CMR in the second CMR group.
Proposal 8: For a CMR configured in a CMR pair for a NCJT CSI hypothesis, a separate powerControlOffset (Pc ratio) can be configured, which is defined as the energy of PDSCH ports with a same TCI state as the CMR on one subcarrier of one OFDM symbol divided by the energy of all CSI-RS ports of the CMR multiplexed on one subcarrier of one OFDM symbol.
For FDD CSI, we observe and propose
Observation 1: The benefit of N > M in performance enhancement is unclear. It also requires additional reporting overhead of Wf, and additional complexity in PMI searching and SVD operation.
Observation 2: Window/set for is for Wf quantization (limiting the max gap between two FD bases), and does not imply any specific UE implementation in PMI measurement/calculation.
Observation 3: Network can obtain same precoder with R=1 and R > 1 via implementation, i.e., RB-level CSI-RS precoding and/or PMI interpolation (replacing the Wf in reported PMI with RB-level Wf).
Observation 4: R value impacts CQI calculation, but the benefit might not be noticeable.
Observation 5: R > 1 increases complexity in PMI construction because the DFT size goes up to 19*R.
Observation 6: bitmap can only be absent in extreme corner cases, i.e., beta=1 and RI<=2 and actual number of non-zeros = K1*M*RI.
Observation 7: In Rel-16 eType II UCI packing and omission, FD permutation and coefficient shuffling across layers require unnecessary implementation complexity but the gain in throughput in unclear.
Observation 8: mapping coefficients per layer can keep full precoder of the 1st layer as much as possible.
Proposal 9: Confirm the working assumption that the window-based pre-configured set is applied to all codebook configurations.
Proposal 10: For Rel-17 FDD CSI, support window size equal to the number of FD bases in Wf quantization, i.e., N=M. No UE reporting of Wf is needed.
· For M=1, the FD basis in Wf is DFT basis 0; 
· For M=2, the FD bases in Wf are DFT basis 0 and FD basis 1.
Proposal 11: For Rel-17 FDD CSI, the pre-configured window does not imply any specific UE implementation in PMI calculation.
Proposal 12: For Rel-17 FDD CSI, no need to define R in the spec or only support R=1 PMI per CQI subband.
Proposal 13: Support parameter combinations of {K1, beta, M}, and total number of different combinations should not exceed Rel-16 eType II codebook (regardless of number of CSI-RS ports).
Proposal 14: Support Alt0 or Alt1-1 for SCI reporting.
Proposal 15: For Rel-17 FDD CSI, support UE reporting of actual number of non-zero coefficients, and the bitmap for reporting location of non-zero coefficients always exist.
Proposal 16: For Rel-17 FDD CSI, do not support FD permutation in UCI packing and omission, and support mapping coefficients first across port indices, secondly across FD basis indices, and thirdly across layers.

Appendix – simulation setup
	Parameter
	Value

	Scenario
	UMa

	Frequency Range
	2GHz with duplexing gap of 200MHz between DL and UL

	Channel model
	The reciprocity model of DL/UL channel is based on Section 5.3 of TR 36.897.

	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
	4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank > 2

	Simulation bandwidth
	20 MHz with 15KHz

	CSI feedback
	CSI feedback periodicity (full CSI feedback) :  5 ms,
Scheduling delay:  4 ms

	Traffic load (Resource utilization)
	80% for SU/MU-MIMO with rank adaptation upto rank-4 each UE
20% for SU-MIMO with rank adaptation up to rank-4

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	SRS modeling for UL channel estimation
	SRS periodicity with 5ms/10ms
SRS error modeling in Table A.1-2 in 36.897 with 

	FDD DL/UL calibration error model at gNB
	Amplitude error (expressed in decibel of ) and phase error are normal distribution with 0.7dB and 5 degrees standard deviation, respectively.
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