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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 and CSI-RS design.
Discussion on CSI enhancement for mTRP
Remaining details of CSI for single-DCI based mTRP schemes
In this section, we discuss the following aspects for NCJT CSI with single reporting setting for single-DCI based mTRP scheme(s).
[bookmark: o1]
The following were agreed in the previous meeting:

Agreement 
Whether a NZP CSI-RS resource m can be referred by two CMR pairs (m, a) and (m, b) configured for NCJT measurement hypotheses, study following Alternatives and down-select one Alternative in RAN1#105-e:
· Alt 1: It is feasible for FR1 but not for FR2.
· Alt 2: It is feasible for both FR1 and FR2 but subject to further UE capability for FR2.

Agreement 
Whether a NZP CSI-RS resource can be referred by both a CMR pair configured for NCJT measurement hypothesis and a CMR configured for Single-TRP measurement hypothesis, study following Alternatives and down-select one Alternative in RAN1#105e:
· Alt 2: It is feasible for FR1 but it is not for FR2. For FR2, the UE is expected to have different NZP CSI-RS resources configured for all CMRs of Single-TRP and NCJT measurement hypotheses respectively.
· Alt 3: It is feasible in both FR1 and FR2 but subject to UE capability for FR2. If a UE supports and the sharing is also enabled by gNB, two CMRs from a CMR pair configured for a NCJT measurement hypothesis can be used for Single-TRP measurement hypotheses, otherwise they cannot.

In both cases above related to CMR sharing between NCJT hypotheses (pairs of CMRs) and CMR sharing between NCJT and single-TRP hypotheses, depending on the multi-panel implementation details in FR2, it may or may not be possible. Hence, CMR sharing can be a UE capability at least for FR2. Furthermore, not allowing for CMR sharing at all may be too extreme as it results in additional overhead even if the UE is capable of it. Hence, we prefer:

Proposal 1: With respect to CMR sharing
· Between two pairs of CMRs corresponding to two NCJT hypotheses, support Alt2: It is feasible for both FR1 and FR2 but subject to further UE capability for FR2.
· Between an individual CMR (corresponding to a single-TRP hypothesis) and a pair of CMRs (corresponding to a NCJT hypothesis), support Alt3: It is feasible in both FR1 and FR2 but subject to UE capability for FR2.
 
In addition, it is agreed that maximum of two NCJT hypotheses can be configured within a CSI report setting (Nmax=2). Some options for the details of configurations have been discussed before such as using a bitmap of length K1.K2. However, the exact RRC signaling details can be up to RAN2 to decide. The following additional aspects have been also discussed in the previous meeting:

Agreement
For CSI measurement associated with a CSI-ReportConfig for NC-JT, study following aspects: 
· whether to support dynamic updating, e.g. by MAC-CE,  for CMR pairs for NCJT measurement hypotheses, and/or CMRs for Single-TRP measurement hypotheses, and/or TCI states in CMRs, and/or the number of single-TRP CSIs (i.e. X=0/1/2) in a NCJT CSI report
· [bookmark: _Hlk70976376]whether additional high layer signalling is needed to configure M (M≤ Ks) CMRs from the CSI-RS resource set for CMR for Single-TRP measurement hypotheses
· [bookmark: _Hlk70975862]For CMRs configured in the CSI-RS resource set, whether support high layer signalling to enable/disable single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement hypothesis

Regarding the dynamic updating by MAC-CE (whether to update CMR paring, TCI state, or the value of X), we do not see a strong use case for that. 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).

However, one of the second or third bullets in the agreement above are required due to the fact that it is already agreed that CMR sharing between single-TRP and NCJT hypotheses in FR2 is either not feasible or is dependent on UE capability. In addition, such flexibility is needed to control the trade-off between number of hypotheses and CPU/resource/port occupation. With the additional high layer signalling to configure M (M≤ Ks) CMRs for Single-TRP measurement hypotheses, more flexibility may be possible, but if a CMR is neither used in a pair (for NCJT) nor as part of M individual CMRs, then it is not clear why it should be configured in the CSI-RS resource set. On the other hand, the ability to enable / disable CMR sharing can achieve the required flexibility with minimal additional signalling (one bit in RRC to enable/disable), and also matches the UE capability aspects related to CMR sharing in FR2 discussed above. Hence, we support the enhancements related to the third bullet of the agreement.

Proposal 2: For CSI measurement associated with a CSI-ReportConfig for NC-JT:
· The detail of RRC signalling related to configuring one or two CMR pairs for NCJT hypotheses is up to RAN2 to decide.
· Support RRC signalling to enable/disable single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement hypothesis.
· For FR2, it can be enabled only if UE supports CMR sharing.
· [bookmark: _Hlk70976825]If enabled, there are M=Ks single-TRP hypotheses
· If disabled, there are M≤ Ks single-TRP hypotheses corresponding to CMRs not used in a CMR pair.
· Additional dynamic updating by MAC-CE (to update CMR/CMR pairing/TCI state/value of X) is unnecessary.
With respect to CRI indication in a CSI report, the following have been agreed in the previous meeting for Option 1 and Option 2:
Agreement
For the UE configured to report X CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis (i.e. Option 1), 
· Alt 1: X+1 CRIs are reported, whereas X CRIs are for single-TRP measurement hypotheses and one CRI is for NCJT measurement hypothesis.  Each CRI bit size depends on the corresponding number of either valid CMR pairs for NCJT measurement hypothesis or valid CMRs for single-TRP measurement hypotheses
· FFS: Whether the X+1 CRIs are reported jointly as one CSI report or as separate CSI reports.

Agreement 
For the UE be configured to report one CSI associated with the best one among NCJT and single-TRP measurement hypotheses (i.e. Option 2),
· Alt 1: Single CRI is reported whereas CRI bit size depends on total number of valid CMR pairs for NCJT measurement hypothesis and valid CMRs for single-TRP measurement hypotheses.
· FFS further mapping mechanism between each CRI codepoint and Single-TRP/NCJT measurement hypothesis.

Regarding the FFS for Option 2, the CRI codepoints can be first mapped to single-TRP hypotheses. The number of single-TRP hypotheses (M) depends on whether the flag as discuss above is enabled or not. Then, the remaining CRI codepoints are mapped to the N NCJT hypotheses. This is illustrated in Figure 1 with the assumption of 4 CMRs total (2 per CMR group) and one CMR pair (one NCJT hypothesis) is configured. In the first case that the flag enables all individual CMRs, the NCJT hypothesis is mapped to CRI codepoint 4, while in the second case that the flag disables individual CMRs that are used in a CMR pair, the NCJT hypothesis is mapped to CRI codepoint 2.
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[bookmark: _Ref60587705]Figure 1: Illustration of CRI codepoint mapping in CSI report.
Proposal 3: In a CSI report config in Option 2, CRI codepoint mapping to CSI hypotheses is based on 
· CRI codepoints are first mapped to M single-TRP hypotheses. The number of such codepoints is determined based on the number of CMRs across both CMR groups and whether the flag enables/disables individual CMRs that are used in a CMR pair.
· The additional CRI codepoints are mapped to N CMR pairs corresponding to N NCJT hypotheses.

With respect to resources for interference measurements, the following have been agreed in the previous meeting:
Agreement 
The UE may assume that QCL-Type D of CMRs associated with a NCJT measurement hypothesis are applied to the corresponding CSI-IM resource.

For future meetings:
Companies to study whether a CSI-IM can be referred by both NCJT and Single-TRP measurement hypotheses. Consider following Alternatives and FR1/FR2 differentiation:
· Alt 1: CSI-IM can be shared by both NCJT and Single-TRP measurement hypotheses.
· Alt 2: A CSI-IM resource is configured to be associated with either a CMR for Single-TRP measurement hypothesis or a CMR pair for NCJT measurement hypothesis

The above agreement implies that each pair of CMRs (corresponding to a NCJT hypothesis) is configured with a CSI-IM resource. This means that the number of CSI-IM resources (“csi-IM-Resources”) in the “CSI-IM-ResourceSet” can be Ks+N, which needs to be clarified. 

Also, it is important to note that a CSI-IM resource associate with a single-TRP hypothesis may not be directly used for NCJT hypothesis. This is because i) For a NCJT hypothesis, the second TRP is already captured as a second CMR (and not as CSI-IM) ii) The interference condition for out-of-cluster interference from other TRPs may be different for different CSI hypotheses. This is illustrated in Figure 3. It should be noted that for a single-TRP CSI hypothesis, whether the other TRP is included in the CSI-IM (other TRP is not muted) or not (other TRP is muted) is up to the network to configure.
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[bookmark: _Ref60590847]Figure 2: Illustration of CSI-IM Resources for single-TRP and NCJT CSI hypotheses.
Therefore, at least for the case that all individual CMRs correspond to single-TRP hypotheses and UE is capable of simultaneous reception with different QCL-TypeD properties, when N CMR pairs are configured corresponding to N NCJT CSI hypotheses, N additional CSI-IM resources are needed.   
However, at least in the following two cases, the situation may be different as discussed below:
· [bookmark: _Hlk71012083]When individual CMRs that are used in a CMR pair are disabled, the CSI-IM resource associated with those CMRs can be used for NCJT hypothesis. For example, in Figure 2, if the CMRs 2 and 3 are not associated with single-TRP hypotheses, the CSI-IM resources associated with CMR 2 and 3 can be used for the NCJT hypothesis. Hence, additional N CSI-IM resources are not needed.
· If UE is not capable of simultaneous reception with different QCL-TypeD properties (e.g. if the CSI corresponds to TDM scheme), then one CSI-IM resource is not enough for the NCJT hypothesis since it cannot be measured with two different receive beams. In this case, two CSI-IM resources are needed for each NCJT hypothesis. Whether the two CSI-IM resources associated with the 2 CMRs can be used or two additional CSI-IM resources are required depends on the bullet above bullet above. This case can be further studied if mTRP CSI for TDM schemes is agreed. 
Proposal 4: The number of csi-IM-Resources in the CSI-IM-ResourceSet configured for a CSI-ReportConfig is equal to 
· Ks+N, if all individual CMRs correspond to single-TRP hypotheses and UE is capable of simultaneous reception with different QCL-TypeD properties or in FR1. 
· The last N CSI-IM resources are used for N NCJT hypotheses.
· Ks, if individual CMRs that are used in a CMR pair are disabled for single-TRP hypotheses, and UE is capable of simultaneous reception with different QCL-TypeD properties or in FR1
· For a NCJT hypothesis associated with a CMR pair, the CSI-IM resource associated with the first CMR or the second CMR is used.
· FFS: If UE is not capable of simultaneous reception with different QCL-TypeD properties (i.e. for CSI of TDM schemes if agreed)


Agreement
[bookmark: _Hlk71101784]Whether to support interference measurement based on NZP CSI-RS outside the CMR pair configured for NCJT measurement hypothesis, in addition to CSI-IM, study following Alternatives and down-select one Alternative in RAN1#105e:
· Alt 1: Yes, it is supported, subject to limitations, e.g. N=1 CMR pair and Ks=2 CMR resources
· Alt 2: No, it is not supported
The use case of NZP-IMR in addition to CSI-IM is unclear. Furthermore, existing restrictions in the specification disallows Alt1: “Except for L1-SINR, if interference measurement is performed on NZP CSI-RS, a UE does not expect to be configured with more than one NZP CSI-RS resource in the associated resource set within the resource setting for channel measurement.”. We do not see any reason to relax the existing restriction.
Proposal 5: Do not support interference measurement based on NZP CSI-RS outside the CMR pair configured for NCJT measurement hypothesis.
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}. 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 6: 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 agreed in the previous meeting:
Agreement 
For the UE configured to report X CSIs (at least when X>0) associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis, study following issues for potential CSI omission/priority/updating rules:
· Issue 1: Prioritize CSI with different measurement hypotheses within the single CSI report, when the UE is configured with CSI Option 1 with X=1 or 2.
· Issue 2: Omission of NCJT CSI in CSI part 2 depending on the corresponding CRI or RI or CQI in CSI part 1.

With respect to issue 1 (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. This order can be used for both UCI construction as well as CSI omission. 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 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.
Proposal 7: For Option 1 with X=1 or 2, the order of CSI reports in the UCI as well as CSI priority for CSI omission is based on an order between the two or three CSI’s associated with the CSI-ReportConfig. CSI priority can be expressed as , where  corresponds to single-TRP CSI(s) and NCJT CSI.
The following was agreed in the previous meeting 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, it should include PMIs and 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 4: Subband part of CSI part 2 for NCJT CSI.
Proposal 8: 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.
Discussions on CSI for multi-DCI based mTRP
With respect to CSI enhancements for multi-DCI based multi-TRP, the following have been agreed so far:
Working Assumption
For CSI measurement for multi-DCI based NCJT, down select one of following two options:
· Option 1 (Explicit): CMRs corresponding to different TRPs can be associated with different reporting settings respectively, with the same configurations between two settings except for PUCCH/PUSCH resources and CMR/IMR resources setting(s)
· Option 2 (Implicit): a single CSI reporting setting associated with each TRP where a NZP CSI-RS is configured for interference measurement from another TRP
· FFS:  how interference from CMR in the linked reporting settings in option 1 or from the NZP CSI-RS configured as IMR in option 2 is considered in CQI calculation
Following restrictions apply to both options:
· At least ‘typeI-SinglePanel’ codebook is supported 
· FFS: Other codebook types 
· Only ‘periodic’ and ‘semiPersistentOnPUCCH’ cases are supported;
· The number of ports of two CMRs associated to two reporting settings for NCJT CSI measurement are the same;
· The support of larger than 32 ports across two CMRs is optional for a UE supporting Rel. 17 mTRP CSI

Agreement
· Strive to agree at most one of the following options, if needed 
· Option 1: Confirm the Working Assumption from RAN1 103e. 
· Option 2: The UE can be expected to report one RI, one PMI, one LI and one CQI per TRP, up to 2 TRPs, for Multi-DCI based NCJT
· The time of decision is RAN1#105e (May 2021)
With respect to the Option 1 (Explicit) in the working assumption above, the specification impact and complexity is too much. For many of the aspects including CSI reference resource, details of CRI reporting, linking two CSI report settings by RRC configuration as well as linking two reporting occasions (two PUCCH resources / two slot offsets), the existing agreements or framework for single-DCI based mTRP schemes do not directly apply. Furthermore, the main motivation for this option is to address the non-ideal backhaul scenario. We think that specification efforts are not worth the enhancements required for this option because of the following two reasons in the case of non-ideal backhaul:
· Ensuring always fully overlapping PDSCHs in both time and frequency domain may not be possible in the case of non-ideal backhaul. Therefore, the benefit of CSI enhancements (joint PMI/RI determination which assumes fully overlapping PDSCHs) is questionable if the two PDSCHs are sometimes non-overlapping or partially overlapping. Note that the presence of other UEs in the system (which may or may not support mTRP) should be considered as well in which case scheduling coordination to ensure fully overlapping PDSCHs all the time for UEs supporting / recommending mTRP transmissions can be very hard to achieve in practice with large backhaul latency (e.g. 20-50ms)
· PUCCH repetition with different beams can be used (at least for periodic CSI reporting) to address the multi-DCI scenario with non-ideal backhaul. This relies on another Rel. 17 mTRP feature (PUCCH enhancements) where the same UCI payload is repeated with different Tx beams / power control parameters so that both TRPs can decode the CSI report(s), and hence, backhaul latency does not impact the performance with respect to the issue of outdated CSI. In this case, even though the overhead can be larger compared to Option 1 (as the joint payload is repeated), it can at least partially address the case of non-ideal backhaul, and further optimizations seem to be not justified given the above.
On the other hand, Option 2 (using the agreed framework but report CQI per TRP) for CSI enhancements of multi-DCI based multi-TRP scheme is straightforward and simple. It is preferred to have a unified solution for both single-DCI and multi-DCI schemes.
Proposal 9: For CSI measurement for multi-DCI based NCJT, support single CSI report setting. For NCJT CSI in this case, UE reports two CQIs assuming two fully overlapping PDSCHs.
The existing agreements for the case of NCJT CSI for single-DCI based mTRP can be mostly reused in this case. However, for resource / port occupation, a different rule may be required as explained below in more details. 
For single-DCI NCJT CSI, the following was agreed in the previous meeting related to CPU/resource/port occupation:
Agreement 
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, an NCJT CSI hypothesis based on a pair of CMRs assumes to occupy two CPUs, two active NZP CSI-RS resources, and a number of active ports corresponding to both CMRs.
· If a NZP CSI-RS resource is referred X times by CMR pairs for NCJT measurement hypothesis and CMR for Single-TRP measurement hypothesis, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted X times for active resources and active ports.
· Note: For above CSI computation, UE assumes PDSCH transmission is single-DCI based multi-TRP scheme(s). FFS: Multi-DCI based multi-TRP scheme

As it can be seen from the note, the above rule is agreed for single-DCI case. A different rule is needed for the case of multi-DCI. At high-level, the reason for this is mainly to assumption of different PDSCHs, especially when UE assumes separate demodulation by reusing CA capability of the UE for multi-DCI based multi-TRP implementation. Note that the determination of PMIs / RIs can still be joint for the purpose of CSI reporting, but the assumption for such determination is based on separate demodulations when CA framework is used. That is, for the first CQI / PDSCH, the second CMR of the CMR pair is considered as interference; and for the second CQI / PDSCH, the first CMR of the CMR pair is considered as interference. Hence, each CMR is effectively used one time as channel and another time as interference under this assumption. Note that this is not the case for single-DCI based multi-TRP as demodulation is assumed to be joint (inter-layer interference under same/joint demodulation assumption).
As a result, for the purpose of resource / port occupation for a multi-DCI NCJT CSI, each CMR of the CMR pair should be counted two times. Note that there is no impact to CPU occupation (same rule as single-DCI can be reused) as CPU is mainly to capture PMI calculation complexity.
In order to understand better the reason for counting each of the two CMRs two times toward the resource/port occupation for the case of multi-DCI, it would be useful to look at the following example: 
One way for network to obtain CSI for multi-DCI case is by configuring separate and independent CSI report settings (which is possible based on Rel. 15 CSI). In the first report setting, a first NZP CSI-RS resource with 8 ports is configured for channel measurement (corresponding to the first TRP) and a second NZP CSI-RS resource with 8 ports is configured for interference measurement (corresponding to the second TRP). In the second report setting, the second NZP CSI-RS resource is configured for channel measurement and the first NZP CSI-RS resource is configured for interference measurement. In this case, there is no joint PMI / RI determination and no PMI calculation for the NZP-IMR, which is obviously less computationally complex for UE compared to a NCJT CSI with joint CSI calculation. However, based on Rel. 15 rule, these two report settings occupy 2 CPUs, 4 active CSI-RS resources, and 8*4=32 active ports. 
Clearly, the case of enhanced CSI (multi-DCI NCJT CSI) is even more complex compared to the example above due to joint CSI processing, and should not occupy a smaller number of CPUs/resources/ports. Hence, we propose:
Proposal 10: Multi-DCI NCJT CSI based on a pair of CMRs assumes to occupy two CPUs, and each CMR and each port of the two CMRs is counted as two times toward active NZP CSI-RS resources and active ports, respectively.
Discussion on CSI enhancement for FR1 FDD reciprocity
Codebook structure
In RAN1 #104-e, a three-stage codebook was agreed for Rel-17 FDD CSI. 
Agreement
For PS codebook enhancements utilization DL/UL reciprocity of angle and/or delay, support codebook structure W=W1W2 WfH where 
· W1 is a free selection matrix, with identity matrix as special configuration
· FFS polarization-common/specific selection
· Wf is a DFT based compression matrix in which N3 = NCQISubband*R and Mv>=1
· At least one value of Mv>1 is supported
· Decide on the value(s) of Mv, e.g. Mv=2,  in RAN1# 104bis-e
· Working assumption:  Support of Mv>1 is a UE optional feature if the UE supports Rel-17 PS codebook enhancement, taking into account UE complexity related to codebook parameters
· FFS candidate value(s)  of R, mechanism for configuring/indicating to the UE and/or mechanism for selecting/reporting by UE for Wf
· Wf can be turned off by gNB. When turned off, Wf  is an all-one vector (FFS; the length of all-one vector)
· FFS other signaling/CSI reporting mechanism for trade-off among signaling overhead, UE complexity and UPT gain
In this agreement, M denotes the number of FD bases in Wf matrix. When M=1 is configured, Wf is a single FD basis. Besides, Wf can be also “turned off” and it will be an all-1 vector. In the last meeting, there was a discussion on whether these two cases are equivalent. In our view, when Wf comprises a single FD basis, it is equivalent to an all-1 vector because any other DFT vector only provides a phase ramp across the subbands. A phase ramp does not change the precoder or CQI. Hence, from functionality perspective, the reported PMI of these two cases are exactly same. From implementation perspective, since the PMI are equivalent, UE can employ same CSI algos to both of them. Based on the discussion, we propose
Proposal 11: For Rel-17 FDD CSI, clarify that Wf OFF and Wf ON with M=1 are same.
In this rest of this section, we discuss details in each part of the codebook structure.
Discussion on intermediate set for Wf quantization
Regarding quantization of Wf, following agreements were made in last meeting [2]
Agreement 
At least for rank 1, the FD bases used for Wf quantitation are limited within a single window/set with size N configured to the UE, study and down-select one Alternative in RAN1 105e:
· Alt 1: FD bases in the window must be consecutive from an orthogonal DFT matrix
· Alt 2: FD bases in the set can be consecutive/non-consecutive, and are selected freely by gNB from an orthogonal DFT matrix
· 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.

Agreement 
At least for rank 1, for relationship between N and Mv, study and down-select one Alternative from following in RAN1 105e
· Alt 1: N= Mv always
· Alt 2: N >= Mv and FSS candidate value(s) of N, e.g. 2, 4
· 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.
In our view, the functionality of the window/set is similar to the intermediate set in Rel-16 eType II codebook. It is used for Wf quantization from a small set rather than the full set. In other words, it limits the gap between the Wf bases. Let us take the window (Alt1) as example. If the window size is set to N=4, it means the max gap between any two FD bases is 3. Specifically, the candidate Wf bases are DFT bases {0,1}, {0,2} and {0,3} when N=4 and M=2. In this case, UE may further report which is the best FD basis pair from the candidates. If the size of the window is equal to the number of FD bases in Wf, e.g., N=M=2, Wf is completely given by the window, i.e., DFT basis 0 and 1. The rationale behind the window/set is that the taps of each port are more or less co-located because of CSI-RS precoding, there is no need to consider FD bases separated far away from each other.
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. 
Regarding whether the intermediate set should contain consecutive or non-consecutive basis, the latter option seems more flexible, but its benefit is unclear. Window-based approach seems sufficient for Wf quantization and it saves RRC signaling overhead. 
Observation 1: 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 2: Window-based approach same RRC configuration overhead.
Proposal 12: For Rel-17 FDD CSI, support window-based intermediate set for Wf quantization. 
· Note: the window does not imply any specific UE implementation in PMI calculation 
Regarding the size of the window, we think N=M should be sufficient (no need of Wf reporting). For N > M, as mentioned above, it introduces more Wf hypotheses, i.e., FD bases {0,1}, {0,2} and {0,3}. The benefit of these Wf hypotheses is yet to be justified. In Rel-17 FDD CSI, 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. From complexity wise, more Wf hypothesis require additional complexity in PMI optimization. Also, if Wf is layer-specific, the size of SVD may increase to Nr x PN as UE may have to do SVD to obtains layers and perform basis selection afterwards. 
Observation 3: N > M requires additional reporting overhead of Wf, and increase complexity in PMI searching and SVD operation.
The starting point  is not needed because the configured window is used for CSI reporting rather than CSI calculation. From CSI reporting perspective,  simply provides an offset in delay domain, and such offset will result in a phase ramping in frequency domain after DFT operation. A phase change does not change the precoder matrix and does not change the CQI. From CSI calculation perspective, it is an implementation issue, UE may use different  or even different methods for CSI calculation to combat timing mismatch, so configuration of  does not help CSI calculation. Based on the discussion, we observe and propose
Observation 4: Configuration of starting point for Wf only provides a phase change of precoding matrix, and this phase change does not impact CQI or PMI. CSI calculation is UE implementation, configuration of starting point for Wf is not related to CSI calculation.
Proposal 13: 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.
Discussion on number of PMIs per CQI subband
Regarding number of PMIs per CQI subband, i.e., R value. Following agreement was made in last meeting [2].
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 5: 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 6: R value impacts CQI calculation, but the benefit might not be noticeable.
Observation 7: R > 1 increases complexity in PMI construction because the DFT size goes up to 19*R.
Proposal 14: For Rel-17 FDD CSI, no need to define R in the spec or only support R=1 PMI per CQI subband.
Discussion on port-selection and linear combination coefficients
In the last meeting, following agreements were made regarding number of selected ports and coefficients [2].
Agreement
At least for rank 1, regarding the value(s) of K1 for port selection matrix W1 in NP*K1, study and down-select from the following candidate values of K1 and the maximal value of P in RAN1 105e
· K1 in {2,4,8,12,16,24,32} with K1 <= P
· The maximal value of P as Pmax, e.g.  32
· FFS: possible parameter combinations/dependence for K1 with other PS CB parameters, e.g. whether different candidate values of K1 should be configured for different ranks (if rank>1 is supported).
· FFS: Whether any value of K1 up to P can be supported for some codebook parameters 
· Note: for Polarization-common based free-selection, it means to select the same L=K1/2 ports out of P/2 ports for both polarizations.
Note: for polarization-specific based free-selection, it means select K1 ports out of P ports
Note: P is the number of CSI-RS ports for port selection (whose value depends on the outcome of the CSI-RS related study)
Agreement
A bitmap for indication non-zero coefficients should be supported for W2 with a compression coefficient beta<=1 whereas
· FFS values of beta < =1, e.g. 1/8, 1/4, 1/2, 3/4, 1
· FFS: whether/how such a bitmap can be absent for specific codebook configuration parameters
· FFS: whether a bitmap is polarization-common or polarization-specific whereas polarization-specific bitmap is the baseline
· FFS: possible parameter combinations/dependence for beta with other PS CB parameters
In Rel-17 FDD CSI, since CSI-RS beamforming is performed with both spatial and frequency basis, it seems reasonable to support higher number of selected ports than Rel-16 eType II (port-selection) codebook. So, the small numbers of K1, i.e., 2, 4, 8, 12 may not be useful especially for larger number of CSI-RS ports. Also, since there are other codebook parameters, beta and M, to control the max number of non-zero coefficients and number of FD basis, supporting too many K1 values seem redundant and brings lots of simulation/testing effort. Hence, based on the discussion, we propose
Proposal 15: For Rel-17 FDD CSI, support 1 value of K1 for number of CSI-RS ports <=12, and upto 2 values of K1 (number of selected ports) per number of CSI-RS ports, e.g., K1={16,32} for 32-port.
Proposal 16: Support parameter combinations of {K1, beta, M}, and total number of different combinations should not exceed Rel-16 eType II codebook.
Regarding coefficient matrix (), since weak coefficients exist and their locations vary across different layers, it is preferred to reuse Rel-16 method of number of non-zero coefficients configuration/reporting.
Proposal 17: For Rel-17 FDD CSI, support following for linear combination coefficient reporting.
· Upto 2 values for 
· max number of non-zero coefficients per layer is 
· max number of non-zero coefficients across all layers is .
· UE reporting of actual number of non-zero coefficients.
Discussion on CSI-RS overhead
Since a large number of UE-specific CSI-RS ports are needed for Rel-17 port-selection codebook, following agreement was made regarding CSI-RS overhead reduction in the last meeting. In this section, we discuss relevant issues involved in CSI-RS overhead reduction. 
Agreement
For PS codebook enhancements utilization DL/UL reciprocity of angle and/or delay, study following options (or combinations) for CSI-RS configurations associated with Rel-17 PS codebook for supporting low CSI-RS overhead and/or CSI-RS processing complexity considering the impact on UPT performance under realistic CSI-RS measurement:  
· Option 0: No further CSI-RS enhancement as the baseline
· Option 1: Support configuring a lower CSI-RS density per CSI-RS resource, e.g. 0.25
· Option 2: Support configuring one or multiple CSI-RS patterns per CSI-RS resource associated with Rel-17 PS codebook 
· Option 3:Support configuring multiple CSI-RS resources per CSI reporting configuration associated with Rel-17 PS codebook 
These four options may lead to 5 patterns as illustrated in Figure 5. Pattern 1 and 2 are the current CSI-RS 32-port CSI-RS resource patterns with density 1 and 0.5 respectively (w/ option 0). Pattern 4 is resulted by option 1. Pattern 3 is achieved by option 2 or 3 where a first 16-port resource (or pattern) is on even RB while a second resource (or pattern) is on odd RB. Pattern 5 is similar to pattern 3 with density 0.25 and can be achieved via either option 1+2 or option 1+3 (The n-th 8-port resource is on RB comb-n, where n=1,2,3,4). The yellow box represents a reference tone for CSI calculation. In other words, during CSI-RS processing, UE may align all the ports (e.g., by interpolation) on the reference tone to perform CSI calculation. The location of reference tone is at the middle of pilot tones.
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Figure 5: Illustration of CSI-RS patterns resulted by different options.

Figure 6: MSE performance of different CSI-RS patterns under SNR=8dB, CDL-C, 300ns.

Figure 7: MSE performance of different CSI-RS patterns under SNR=16dB, CDL-C, 300ns.
The normalized MSE performance are shown in: Figure 6, SNR=8dB, DS=300ns; Figure 7, SNR=16dB, DS=300ns. The MSE on pilot tone and reference tone (w/ port-alignment) are both shown. Key observations are summarized as follows 
· For pattern 5 (option 1+2 or option 1+3) and pattern 3 (option 2 or option 3), MSE results on reference tone is far worse than all other patterns because density 0.25 would cause aliasing in PDP and it is detrimental to interpolation especially for reference tone far away from the pilot tone. The MSE results on pilot tone is slightly worse than other patterns.
· For pattern 4 (option 1), the MSE performance on either pilot tone or reference tone is slightly worse than pattern 1 and 2, but better than pattern 5 (option 1+2 or option 1+3) and pattern 3 (option 2 or 3)

Figure 8: Spectral efficiency (relative to CSI-RS density 1) of different CSI-RS patterns, SNR=8dB, CDL-C, 300ns.

Figure 9: Spectral efficiency (relative to CSI-RS density 1) of different CSI-RS patterns, SNR=16dB, CDL-C, 300ns.
The spectral efficiency loss relative to pattern 1 with genie channel estimation are shown in: Figure 8, SNR=8dB, DS=300ns; Figure 9, SNR=16dB, DS=300ns. For reference tone, the PMI is calculated using the channel estimate on the reference tone; for pilot tone, the PMI is calculated using the channel estimate on the pilot tone. The spectral efficiency is calculated using the PMI and actual channel. Key observations are summarized as follows
· For pattern 5 (option 1+2 or option 1+3), for PMI calculation on reference tone, there is 5% loss under realistic channel estimation due to the MSE loss; for PMI calculated on pilot tone, there is nearly 3% loss due to the port-mismatch.
· For pattern 3 (option 2 or option 3), there is around 2% loss compared to pattern 1 and 2. There is not much difference for PMI calculation on reference tone or pilot tone.
· For pattern 4 (option 1), the performance loss is around 1%.
From implementation perspective, pattern 5 (option 1+2 or option 1+3) and pattern 3 (option 2 or 3) have larger additional complexity than pattern 4 in terms of aggregating ports from different resources or patterns. Besides, option 2 needs spec change in CSI-RS pattern in one resource, while option 3 needs spec change in CSI-RS resource utilization. Both options may also need additional RRC signaling design, study on CPU/resource occupation and CSI-RS port re-indexing.
Hence, based on the discussion, we observe and propose
Observation 8: For R17 FDD CSI, CSI-RS overhead reduction Option 2 (or Option 2+1) and option 3 (or Option 3+1) result in significant CSI-RS channel estimation loss if UE performing port-alignment.
Observation 9: For R17 FDD CSI, CSI-RS overhead reduction Option 1+2 and option 1+3 result in 5% loss if UE performing port-alignment and 3% loss if UE calculates PMI using pilot tones. CSI-RS overhead reduction Option 2 and option 3 result in 2% loss.
Observation 10: For R17 FDD CSI, CSI-RS overhead reduction Option 1 (reducing density to 0.25) is slightly worse than density 0.5 in terms of channel estimation and spectral efficiency.
Observation 11: For R17 FDD CSI, CSI-RS overhead reduction Option 2 (or Option 2+1) and option 3 (or Option 3+1) require larger implementation and spec effort.
Proposal 18: For Rel-17 FDD CSI, no CSI-RS enhancement is needed.
Conclusion
In this contribution, we discuss issues related to CSI enhancement for mTRP and FR1 FDD reciprocity. For mTRP CSI, we propose:
Proposal 1: With respect to CMR sharing
· Between two pairs of CMRs corresponding to two NCJT hypotheses, support Alt2: It is feasible for both FR1 and FR2 but subject to further UE capability for FR2.
· Between an individual CMR (corresponding to a single-TRP hypothesis) and a pair of CMRs (corresponding to a NCJT hypothesis), support Alt3: It is feasible in both FR1 and FR2 but subject to UE capability for FR2.

Proposal 2: For CSI measurement associated with a CSI-ReportConfig for NC-JT:
· The detail of RRC signalling related to configuring one or two CMR pairs for NCJT hypotheses is up to RAN2 to decide.
· Support RRC signalling to enable/disable single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement hypothesis.
· For FR2, it can be enabled only if UE supports CMR sharing.
· If enabled, there are M=Ks single-TRP hypotheses
· If disabled, there are M≤ Ks single-TRP hypotheses corresponding to CMRs not used in a CMR pair.
· Additional dynamic updating by MAC-CE (to update CMR/CMR pairing/TCI state/value of X) is unnecessary.
Proposal 3: In a CSI report config in Option 2, CRI codepoint mapping to CSI hypotheses is based on 
· CRI codepoints are first mapped to M single-TRP hypotheses. The number of such codepoints is determined based on the number of CMRs across both CMR groups and whether the flag enables/disables individual CMRs that are used in a CMR pair.
· The additional CRI codepoints are mapped to N CMR pairs corresponding to N NCJT hypotheses.

Proposal 4: The number of csi-IM-Resources in the CSI-IM-ResourceSet configured for a CSI-ReportConfig is equal to 
· Ks+N, if all individual CMRs correspond to single-TRP hypotheses and UE is capable of simultaneous reception with different QCL-TypeD properties or in FR1. 
· The last N CSI-IM resources are used for N NCJT hypotheses.
· Ks, if individual CMRs that are used in a CMR pair are disabled for single-TRP hypotheses, and UE is capable of simultaneous reception with different QCL-TypeD properties or in FR1
· For a NCJT hypothesis associated with a CMR pair, the CSI-IM resource associated with the first CMR or the second CMR is used.
· FFS: If UE is not capable of simultaneous reception with different QCL-TypeD properties (i.e. for CSI of TDM schemes if agreed)

Proposal 5: Do not support interference measurement based on NZP CSI-RS outside the CMR pair configured for NCJT measurement hypothesis.
Proposal 6: 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 7: For Option 1 with X=1 or 2, the order of CSI reports in the UCI as well as CSI priority for CSI omission is based on an order between the two or three CSI’s associated with the CSI-ReportConfig. CSI priority can be expressed as , where  corresponds to single-TRP CSI(s) and NCJT CSI.
Proposal 8: 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 9: For CSI measurement for multi-DCI based NCJT, support single CSI report setting. For NCJT CSI in this case, UE reports two CQIs assuming two fully overlapping PDSCHs.
Proposal 10: Multi-DCI NCJT CSI based on a pair of CMRs assumes to occupy two CPUs, and each CMR and each port of the two CMRs is counted as two times toward active NZP CSI-RS resources and active ports, respectively.
For FR1 FDD CSI, based on the observations,
Observation 1: 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 2: Window-based approach same RRC configuration overhead.
Observation 3: N > M requires additional reporting overhead of Wf, and increase complexity in PMI searching and SVD operation.
Observation 4: Configuration of starting point for Wf only provides a phase change of precoding matrix, and this phase change does not impact CQI or PMI. CSI calculation is UE implementation, configuration of starting point for Wf is not related to CSI calculation.
Observation 5: 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 6: R value impacts CQI calculation, but the benefit might not be noticeable.
Observation 7: R > 1 increases complexity in PMI construction because the DFT size goes up to 19*R.
Observation 8: For R17 FDD CSI, CSI-RS overhead reduction Option 2 (or Option 2+1) and option 3 (or Option 3+1) result in significant CSI-RS channel estimation loss if UE performing port-alignment.
Observation 9: For R17 FDD CSI, CSI-RS overhead reduction Option 1+2 and option 1+3 result in 5% loss if UE performing port-alignment and 3% loss if UE calculates PMI using pilot tones. CSI-RS overhead reduction Option 2 and option 3 result in 2% loss.
Observation 10: For R17 FDD CSI, CSI-RS overhead reduction Option 1 (reducing density to 0.25) is slightly worse than density 0.5 in terms of channel estimation and spectral efficiency.
Observation 11: For R17 FDD CSI, CSI-RS overhead reduction Option 2 (or Option 2+1) and option 3 (or Option 3+1) require larger implementation and spec effort.
we propose
Proposal 11: For Rel-17 FDD CSI, clarify that Wf OFF and Wf ON with M=1 are same.
Proposal 12: For Rel-17 FDD CSI, support window-based intermediate set for Wf quantization. 
· Note: the window does not imply any specific UE implementation in PMI calculation 
Proposal 13: 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 14: For Rel-17 FDD CSI, no need to define R in the spec or only support R=1 PMI per CQI subband.
Proposal 15: For Rel-17 FDD CSI, support 1 value of K1 for number of CSI-RS ports <=12, and upto 2 values of K1 (number of selected ports) per number of CSI-RS ports, e.g., K1={16,32} for 32-port.
Proposal 16: Support parameter combinations of {K1, beta, M}, and total number of different combinations should not exceed Rel-16 eType II codebook.
Proposal 17: For Rel-17 FDD CSI, support following for linear combination coefficient reporting.
· Upto 2 values for 
· max number of non-zero coefficients per layer is 
· max number of non-zero coefficients across all layers is .
· UE reporting of actual number of non-zero coefficients.
Proposal 18: For Rel-17 FDD CSI, no CSI-RS enhancement is needed.
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