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1. Introduction 
[bookmark: _Hlk101465064]In RAN#94e, the Rel-18 WID for NR MIMO evolution for downlink and uplink was approved [1], in which two potential enhancements are for CSI enhancement for high/medium UE velocities and coherent JT (CJT) as shown below:
	1. Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
· UE reporting of time-domain channel properties measured via CSI-RS for tracking
4. Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· [bookmark: _Hlk102055940]Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32


In this contribution, we will share our views for the CSI enhancements for high/medium UE velocities and coherent JT scheme respectively.
2. Type-II codebook refinement for CJT

2.1 [bookmark: _Hlk118410004]Ln determination scheme for CJT
In RAN1#110bis-e meeting [4], we have the following agreement on the Ln determination scheme for CJT:
	Agreement
[bookmark: _Hlk118467145]On the SD basis selection for Type-II codebook refinement for CJT mTRP, on the L parameter, down select from the following alternatives (by RAN1#111):
· [bookmark: _Hlk118467022]Alt1. Each of the {Ln, n=1, ..., N} is gNB-configured via higher-layer (RRC) signaling 
· FFS: The candidate values for Ln, e.g. follow the legacy specification 
· Alt2.  where Ltot is gNB-configured via higher-layer (RRC) signaling and the relative value(s) of {Ln, n=1, ..., N} are reported by the UE 
· TBD: Whether for a given configured value of Ltot, the possible combinations of {Ln, n=1, ..., N} are fixed/pre-determined or gNB-configured via higher-layer (RRC) signaling
· TBD: Whether the value(s) of {Ln, n=1, ..., N} are reported implicitly or explicitly, and whether some value(s) don’t need to be reported 
· FFS: The candidate values for Ln
· Alt3. An L parameter is gNB-configured via higher-layer (RRC) signaling and {Ln, n=1, ..., N} are determined from the value of L 
· TBD: How to determine {Ln, n=1, ..., N} from L, e.g. L1=L and other Ln = L/2
· FFS: The candidate values for L
· Alt4. Lmax is gNB-configured via higher-layer (RRC) signaling and the relative value(s) of {Ln, n=1, ..., N} are reported by the UE 
· The relative value(s) of {Ln, n=1, ..., N} are reported by the UE, such that 
· TBD: Whether the value(s) of {Ln, n=1, ..., N} are reported implicitly or explicitly, and whether some value(s) don’t need to be reported
· FFS: The candidate values for Ln



On the SD basis selection for CJT codebook, four different alternatives were listed in the last meeting.
For Alt2, gNB need to configure the Ltot firstly and then UE will report {Ln, n=1, ..., N} to make sure  , where N is the number of cooperating CSI-RS resources. However, currently, it has been agreed that the selection of N out of NTRP CSI-RS resources is reported via NTRP-bit bitmap in CSI part 1 and the value of N is also inferred from the selection, which makes designing fixed/pre-determined or gNB-configured possible combinations of {Ln, n=1, ..., N} not easy to implement, since the number of N cannot be fixed/pre-determined or gNB-configured in this case. Otherwise, all the possible combinations of {Ln, n=1, ..., N} including all the possible value of N should be pre-determined or gNB-configured, which seems not a trivial work for 3GPP and will also bring much burden over UCI payload. Therefore, a more reasonable way for Alt2 is UE just reporting the value of each Ln, not the combination of {Ln, n=1, ..., N}. 
However, although it is more flexible that UE could calculate PMI based on multiple {Ln, n=1, ..., N} hypotheses, Alt2 will bring very high UE implementation complexity. Besides, since the value of N has been agreed to report in CSI part 1, to control the PUSCH payload, it is better to report the {Ln, n=1, ..., N} in CSI part 2 so that the selection of Ln only need to be determined based on one reported value of N. Further, the bits that the selection of SD basis occupying is also based on the value of {Ln, n=1, ..., N}, considering overhead reduction, we might have to further design CSI part 3 so that the selection of SD basis and some other W2 coefficients can be report on the CSI part3. But, this will consume great standardization efforts and bring huge spec impacts.
For Alt4, it seems like an extension of Alt2 with more flexibility Ln selection. Therefore, the UE complexity and spec impact of Alt4 is much higher than Alt2.
Considering the great UE complexity and huge spec impacts on Alt2 and Alt4, we don’t think Alt2 and Alt4 are good ways for Ln determination scheme.
For Alt3, there will be a gNB-configured L and then, for each value of Ln, there will be a pre-defined rule/function with the parameter of L. It seems like a special case of Alt1 with some additional relationship between each Ln. But Alt3 only need to configure one value for L, while in Alt1, NTRP values for {Ln, n=1, ..., NTRP} are needed to be pre-configured by gNB. The advantage of Alt3 over Alt1 is some RRC configuration reduction with the cost of Ln value determination flexibility. In my view, the RRC configuration overhead is not a big issue, but the Ln value determination flexibility is much important now that we have agreed per-CSI-RS-resource Ln parameter determination.
For Alt1, gNB will configure NTRP values for {Ln, n=1, ..., NTRP}. Then UE will report the selection of N out of NTRP CSI-RS resources in CSI part 1, and after that, the {Ln, n=1, ..., N} and the number of N will be naturally determined.
[bookmark: _Hlk118467602][bookmark: _Hlk118467581]Based on the above analysis, we think Alt 1 should be supported on the L parameter for the SD basis selection for CJT codebook.
Proposal 1: On the SD basis selection for Rel-18 Type-II codebook for CJT, on the L parameter, support Alt1
· Alt1. Each of the {Ln, n=1, ..., N} is gNB-configured via higher-layer (RRC) signaling 
· FFS: The candidate values for Ln, e.g. follow the legacy specification 

2.2 Codebook structure enhancement for CJT
In RAN1#110 meeting [3], we have the following agreement on codebook structure scheme for CJT:
	Agreement @RAN1#110
[bookmark: _Hlk118469795]For the Rel-18 Type-II codebook for CJT mTRP, support the following two modes:
· Mode 1: Per-TRP/TRP-group SD/FD basis selection which allows independent FD basis selection across N TRPs / TRP groups. Example formulation (N = number of TRPs or TRP groups): 

· Mode 2: Per-TRP/TRP group (port-group or resource) SD basis selection and joint/common (across N TRPs) FD basis selection. Example formulation (N = number of TRPs or TRP groups):


· Striving for the two modes to share commonality in detailed designs such as parameter combinations, basis selection, TRP (group) selection, reference amplitude, W2 quantization schemes.
· FFS: Depending on the decision on SCI design, whether additional per-TRP/TRP-group amplitude scaling and/or co-phase is needed or not, and whether they are a part of W2s



[bookmark: _Hlk118469812]Regarding the FFS part, as we have an agreement on the groups for phase/amplitude reporting, the additional per-CSI-RS-resource amplitude scaling and/or co-phase is not needed anymore and they can be absorbed in the W2 coefficient.
Proposal 2: For the Rel-18 Type-II codebook for CJT mTRP, the additional per-CSI-RS-resource amplitude scaling and/or co-phase is not needed for codebook structure mode 1 and mode 2.

2.3 Codebook parameters enhancement for CJT
In RAN1#110bis-e meeting [4], we have the following agreement on the size of the bitmap for indicating the locations of NZCs for CJT:
	Agreement
[bookmark: _Hlk118714046][bookmark: _Hlk118471854]On the Type-II codebook refinement for CJT mTRP, regarding the bitmap(s) for indicating the locations of NZCs, down-select from the following alternatives for the size of the bitmap for CSI-RS resource n (Bn) (by RAN1#111):
· Alt1. Analogous to legacy,  ( for mode 2)
· Alt2. Non-rectangular bitmap, i.e., NZC bitmap allowing different lengths for different SD/FD basis vectors.
· TBD: How to determine the lengths for different SD/FD basis vectors



In out understanding, following legacy, the size of the bitmap will be  ( for mode 2), with proper candidate Ln value selection and lower value of pv , the size of the NZC bitmap can be controlled. There is no need for extra enhancement for the bitmap size reduction. Just following legacy design on the bitmap(s) for indicating the locations of NZCs as described in Alt1 is enough.
Proposal 3: On the Type-II codebook refinement for CJT mTRP, regarding the bitmap(s) for indicating the locations of NZCs, for the size of the bitmap for CSI-RS resource n (Bn), support Alt1:
· Alt1. Analogous to legacy,  ( for mode 2)

3. [bookmark: _Hlk111134215]Type-II codebook refinement for high/medium UE velocities

3.1 [bookmark: _Hlk118494614][bookmark: _Hlk111134289]UE prediction window parameters for high/medium UE velocities
[bookmark: _Hlk111140343]In RAN1#110bis-e meeting [4], we have the following agreement on the UE prediction window parameters for high/medium UE velocities: 
	Agreement
[bookmark: _Hlk118491922]On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, when UE-side prediction is assumed, study the supported value(s) for δ and WCSI from (but not limited to) the following candidates, in conjunction with the supported values of N4 and DD units:
· δ (slots): {0, 1, 2, 3, 4, 6, 8}, or a subset thereof with at least two values including 0, or a single fixed value (e.g. 0 or 1) 
· WCSI (slots): 1, N4, following periodicity of P/SP-CSI-RS or SP-CSI (e.g., 4, 5, 8, 10, 16, 20, 40),  (d=DD unit size in slots, N4 is unit-less)
FFS: Dependence on sub-carrier spacing should also be studied



The PMI is applied for the entire WCSI duration in slots. And the DD unit duration d is associated with each of the N4 W2 matrices (combining coefficients before DD compression, or after DD de-compression at gNB side), while the W1, Wf and Wd matrices are applied for all of the DD units within the WCSI duration. It means the WCSI should equal to d * N4 slots (d = DD unit size in slots, N4 is unit-less).
Proposal 4: On the Type-II codebook refinement for for high/medium velocities, when UE-side prediction is assumed, the WCSI (slots) should equal to d * N4 slots (d = DD unit size in slots, N4 is unit-less).

3.2 DD unit for high/medium UE velocities
In RAN1#110 meeting [3], we have the following agreement on the DD unit for high/medium UE velocities: 
	Agreement @RAN1#110
For the Rel-18 Type-II codebook refinement for high/medium velocities, support DD/TD (compression) unit (analogous to PMI sub-band for Rel-16 codebook) as a codebook parameter.
· FFS: whether this parameter is defined as a function of another parameter
· FFS: whether this is used for PMI only or PMI/CQI



We have agreed DD unit introduced as a codebook parameter for high/medium velocities, whether the DD unit can also be used for CQI is still an open issue.
Regarding CQI, since it is calculated conditioned on the reported PMI, the CQI duration also should be the same as PMI, i.e., WCSI. If the DD unit is reused for CQI, then there will be WCSI/d = N4 CQI(s) are included in this CSI report. 
[bookmark: _Hlk118494287]However, the CQI is actually the candidate index of the combination of MCS, not the measured SINR, which means in CQI calculation, there is large quantization error compared with the measured SINR. So, we think the CQI may change slower than PMI and reporting N4 CQI(s) in time domain for a CSI report is not very necessary, but with large reporting overhead. Hence, we think the DD unit should only be used for PMI, not PMI && CQI.
Proposal 5: On the Type-II codebook refinement for high/medium velocities, DD unit should only be used for PMI, not PMI && CQI.

4. Conclusion

Proposal 1: On the SD basis selection for Rel-18 Type-II codebook for CJT, on the L parameter, support Alt1
· Alt1. Each of the {Ln, n=1, ..., N} is gNB-configured via higher-layer (RRC) signaling 
· FFS: The candidate values for Ln, e.g. follow the legacy specification 
Proposal 2: For the Rel-18 Type-II codebook for CJT mTRP, the additional per-CSI-RS-resource amplitude scaling and/or co-phase is not needed for codebook structure mode 1 and mode 2.
Proposal 3: On the Type-II codebook refinement for CJT mTRP, regarding the bitmap(s) for indicating the locations of NZCs, for the size of the bitmap for CSI-RS resource n (Bn), support Alt1:
· Alt1. Analogous to legacy,  ( for mode 2)
Proposal 4: On the Type-II codebook refinement for for high/medium velocities, when UE-side prediction is assumed, the WCSI (slots) should equal to d * N4 slots (d = DD unit size in slots, N4 is unit-less).
Proposal 5: On the Type-II codebook refinement for high/medium velocities, DD unit should only be used for PMI, not PMI && CQI.
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