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Introduction
In this contribution, we discuss potential CSI enhancement for high/medium UE velocities and for coherent JT. Since specification impact and functionality are different for high speed UE and for CJT, we first discuss Type II codebook enhancement for high/medium UE velocities in Section 2.1, TDCP reporting in Section 2.2, and potential CSI enhancement for CJT in Section 2.3
Discussion
Type II codebook enhancement for high speed UE
In this section, we focus the type II codebook enhancement for high speed UE and list up potential issues in the following order: channel measurement, CSI reporting window, TD (time domain) basis.
· Channel measurement for type II codebook enhancement:
In order to support burst channel measurement for aperiodic CSI-RS, the following agreement was made in the last meeting.
Agreement
On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, support the following CSI-RS resource types/structures for CMR, support the following: 
· (Alt1) Support K>1 NZP CSI-RS resources, received via a single triggering instance, for aperiodic (AP) CSI-RS-based channel measurement in a same CSI-RS resource set where the separation between 2 consecutive AP-CSI-RS resources is m slot(s)


Since the K AP NZP CSI-RS resources are burst CMRs for the same channel, UE should assume the same antenna port for the same antenna port index across the CSI-RS resources like TRS. Since it was agreed that the K CSI-RS resources are configured in NZP-CSI-RS-ResourceSet without CRI reporting, UE can assume the same antenna port for the same antenna port index across the CSI-RS resources if CRI reporting is not configured with CMR of multiple CSI-RS resources.
Proposal 1: UE assumes the same antenna port for the same antenna port index across the K AP CSI-RS resources if CRI reporting is not configured with CMR of multiple CSI-RS resources in a same CSI-RS resource set.
Also, since the K AP NZP CSI-RS resources are burst CMRs for the same channel, CPU relaxation is needed. According to current specification, L CPUs are occupied when L AP CSI-RS are configured for AP CSI reporting but given that the K CSI-RSs show the same antenna port, one CPU may be enough. In addition, CSI processing time relaxation is needed because UE should predict channel for N4 future time instances and calculate corresponding future PMIs. Legacy Z and Z’ is not sufficiently large enough considering the additional complexity. 
Proposal 2: one CPU is occupied for an AP CSI report configured with K AP NZP CSI-RS resources for burst CMR.
Proposal 3: Study CSI processing time relaxation with consideration of additional complexity to predict future channel and calculate multiple future PMIs.

· CSI reporting window for type II codebook enhancement:
The following offline proposal was discussed in email discussion.
Offline proposal 2.B.2: For the Rel-18 Type-II codebook refinement for high/medium velocities, 
· For PMI, DD unit duration of d (in slots) is the duration associated with each of the N4 W2 matrices (combining coefficients before DD compression at the UE, or after DD de-compression at the gNB). 
· TBD (by RAN1#111): The time instance and/or PMI(s) in which a CQI is associated with, given the CSI reporting window WCSI (in slots), and the number of CQI(s) included in a CSI report X 
In legacy, CQI is determined assuming PDSCH is transmitted in a CSI reference resource slot. In our view, we should keep this principle. Meanwhile, if CQI is calculated based on multiple slots or CSI reporting window instead of CSI reference resource slot, it is hard to satisfy test requirement for all of those multiple slots and there are several issues on how to apply legacy validity conditions and overhead assumption such as PDCCH symbols and RS overhead to the multiple slots.
Proposal 4: CQI should be associated with CSI reference resource slot in the same way as legacy.
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Figure 1. Reference time mismatch issue between CQI and PMI if X=1 and prediction window WCSI starts from n
If X=1 and predication window WCSI starts from n+ δ, there is reference time mismatch between CQI and PMI. Figure 1 shows this time mismatch issue assuming δ=0. Specifically, PMI is calculated based on channel on slot n/n+1/n+2/n+3 but CQI is still calculated based on channel in CSI reference resource, i.e., slot n – nCSI,ref. As a result, CQI and PMI are calculated based on different channel in different slot. However, PMI and CQI should be calculated based on the common reference time for network to determine proper MCS and precoder together for a scheduling instance. In order to address this issue, CSI reference resource slot should be moved to slot n+δ which is the first slot of WCSI.
Proposal 5: CSI reference resource slot should be slot n+ δ if predication window WCSI starts from n+ δ.
Regarding δ, it is beneficial to configure non-zero δ value other than 0 so that gNB can configure the slot from which prediction window starts. Also, d value, i.e., DD unit, should be able to configure one of multiple values depending on UE speed and time varying characteristic of channel. For example, for very high speed UE, gNB configures d =1 but configures larger d for medium speed UE. In our view, it is not necessary to tie d and the interval of burst CSI-RS(s).
Proposal 6: support to configure zero and non-zero δ value and configure one of multiple d values including d=1.
TDCP reporting for high speed UE
In the last meeting, several candidates of TDCP parameters were discussed and several alternatives were captured in [2]. In our view, alternative A1 corresponding to Doppler spread is sufficient and simple.
Proposal 7: Support alternative A1 as TDCP parameter.
In the last meeting, it was agreed to support AP stand-alone report for TDCP, and one of remaining issue is how to handle collision with other UCI parameters such as CSI/ACK/SR on PUCCH or PUSCH. Like legacy UCI, multiplexing TDCP with other UCI should be supported instead of always dropping. Also, in case multiplexing is not available, how to select UCI to be reported/dropped, e.g., based on priority, should be studied.
Proposal 8: Support multiplexing TDCP with legacy UCI in case of collision and study how to drop TDCP/UCI if multiplexing is not available. 
Potential CSI enhancement for coherent JT
In the last meeting, the following CSI-RS configuration for CJT was agreed.
Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP with NTRP>1 TRP/TRP-groups, the following is supported:
· The CMR comprises K>1 NZP CSI-RS resources, where one resource corresponds to one TRP/TRP-group (i.e. K=NTRP)
· Each of the CSI-RS resources has a same number of CSI-RS ports
· Note: The terms TRP and TRP-group are used for discussion purposes only (no spec impact is implied).
Regarding multiple CSI-RS configuration for CJT, one remaining issue is how to aggregate CSI-RS ports of K NZP CSI-RS. One simple approach is to index ports of K NZP CSI-RS resources in the order of CSI-RS resource ID. 
Proposal 9: For aggregated K NZP CSI-RS resources, index ports of the CSI-RS resources in the order of CSI-RS resource ID. 
Another remaining issue is time domain restriction for K NZP CSI-RS resources. If those CSI-RS are distributed in different slot, there is possibility that UE measures each CSI-RS with random phase rotation and it is not able to report correct phase coherence information among K CSI-RS resources, which is essential part of coherent JT. Also, there is UE side buffering issue when K CSI-RS resources are far distributed in time. A similar issue was discussed in Rel-17 NCJT CSI-RS configuration and the restriction of the same slot or 1 slot difference between two CSI-RS for NCJT was agreed.
Proposal 10: Support to configure K NZP CSI-RS resources for CJT CMR in the same slot only.
In the last meeting, the following was discussed and agreed.
Agreement
On the Type-II codebook refinement for CJT mTRP, the selection of N CSI-RS resources is performed by UE and reported as a part of CSI report where N{1,..., NTRP} 
· N is the number of cooperating CSI-RS resources, while NTRP is the maximum number of cooperating CSI-RS resources configured by gNB via higher-layer signaling
· The selection of N out of NTRP CSI-RS resources is reported via NTRP-bit bitmap in CSI part 1
· Note: The value of N is inferred from the selection
· A restricted configuration (gNB-configured via higher-layer signaling) where N=NTRP is supported
· NTRP-bit bitmap is not reported when the restriction is configured
· FFS: Whether other RRC-configured TRP selection restriction including configuring the value of N is supported
· This feature is UE optional 
Note: This agreement does not impact the decision on Ln being configured by gNB or selected by UE
Note: per WID and previous agreement, the candidate values for NTRP of are 1, 2, 3, and 4.
Note: only one transmission hypothesis is reported. UE is not mandated to calculate CSI for multiple transmission hypotheses.

Since UE selects N TRPs by using NTRP-bit bitmap, the remaining for several codebook index related to non-selected TRPs does not have to be reported. For example, NZC bitmap for non-selected TRPs should not be reported since it has no information and just increases UCI overhead. 
Proposal 11: NZC bitmap for non-selected TRPs should not be reported to reduce feedback overhead.
[bookmark: _GoBack]Since selecting N TRPs among NTRP increases UE complexity, UE needs more CPUs. Even though UE is not mandated to calculate CSI for multiple transmission hypotheses, it does not preclude full search UE implementation. For given N and NTRP, there are NTRPCN hypotheses and if one CPU is used for each hypothesis NTRPCN CPUs are needed. Alternatively, instead of increasing CPU, we can consider to increase CSI processing time Z/Z’. In addition, to reduce complexity for TRP selection, some restriction for candidate combination for N TRPs can be considered. For example, gNB can configure N value and UE selects N out of NTRP for a given N.
Proposal 12: Study CPU/CSI processing time relaxation with consideration of additional complexity to select CJT transmission hypothesis.
Proposal 13: Support to configure additional restriction for candidate combination for N TRPs.
Additionally, we see codebook normalization issue for CJT codebook. In legacy codebook, selected precoding matrix is normalized to make sum of layer power to be 1. If the same normalization method is applied for agreed CJT codebook, UE selects lower CQI than what UE can actually achieve because transmission power gain from multiple TRPs is not reflected in codebook due to the conventional normalization.
Observation 1: UE selects lower CQI than what UE can actually achieve, if CJT codebook is normalized in conventional way.
Proposal 14: Study how to normalize CJT codebook considering transmission power gain from multiple TRP transmission.
Regarding W2 quantization group and Strongest Coefficient Indicator (SCI) design, the following was agreed in the last meeting.
Agreement
On the Type-II codebook refinement for CJT mTRP, regarding W2 quantization group, for each layer:
· Support the following: (Alt1) One group comprises one polarization across all N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2)
· FFS: Amplitude quantization table enhancement
· For the amplitude group other than the group associated with the SCI, the reference amplitude is reported
· Working assumption: Alt3 is supported in addition to Alt1 (to be confirmed in RAN1#111)
· (Alt3). One group comprises one polarization for one CSI-RS resource with a common phase reference across N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2N)
· For each of the (2N–1) amplitude groups (other than the group associated with the SCI), the reference amplitude is reported
· If the support Alt3 in addition to Alt1 is confirmed, only one of the two schemes will be a basic feature for UEs supporting Rel-18 Type-II CJT codebook

In our view, Alt 3 should be supported. Alt 1 is not sufficient to consider RSRP difference among TRPs. As a result, performance may not be guaranteed in case of distributed TRPs especially for larger ISD scenario. 
Proposal 15: Confirm working assumption with supporting Alt 3 for W2 quantization group.
Regarding Ln configuration, the following agreement was made in the last meeting.
Agreement
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):
· 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
In our view, UE reporting Ln value makes UE implementation and specification complicated unnecessarily, and this overoptimization should be avoided. In the same way as legacy, gNB configuration is sufficient.
Proposal 16: Each of the {Ln, n=1, ..., N} is gNB-configured via higher-layer (RRC) signaling.

Conclusion
In this contribution, we discuss potential CSI enhancement for high/medium UE velocities and for coherent JT and propose the followings. 

Type II codebook enhancement for high speed UE: 
Proposal 1: UE assumes the same antenna port for the same antenna port index across the K AP CSI-RS resources if CRI reporting is not configured with CMR of multiple CSI-RS resources in a same CSI-RS resource set.
Proposal 2: one CPU is occupied for an AP CSI report configured with K AP NZP CSI-RS resources for burst CMR.
Proposal 3: Study CSI processing time relaxation with consideration of additional complexity to predict future channel and calculate multiple future PMIs.
Proposal 4: CQI should be associated with CSI reference resource slot in the same way as legacy.
Proposal 5: CSI reference resource slot should be slot n+ δ if predication window WCSI starts from n+ δ.
Proposal 6: support to configure zero and non-zero δ value and configure one of multiple d values including d=1.

TDCP reporting for high speed UE: 
Proposal 7: Support alternative A1 as TDCP parameter.
Proposal 8: Support multiplexing TDCP with legacy UCI in case of collision and study how to drop TDCP/UCI if multiplexing is not available. 

Potential CSI enhancement for coherent JT: 
Proposal 9: For aggregated K NZP CSI-RS resources, index ports of the CSI-RS resources in the order of CSI-RS resource ID. 
Proposal 10: Support to configure K NZP CSI-RS resources for CJT CMR in the same slot only.
Proposal 11: NZC bitmap for non-selected TRPs should not be reported to reduce feedback overhead.
Proposal 12: Study CPU/CSI processing time relaxation with consideration of additional complexity to select CJT transmission hypothesis.
Proposal 13: Support to configure additional restriction for candidate combination for N TRPs.
Observation 1: UE selects lower CQI than what UE can actually achieve, if CJT codebook is normalized in conventional way.
Proposal 14: Study how to normalize CJT codebook considering transmission power gain from multiple TRP transmission.
Proposal 15: Confirm working assumption with supporting Alt 3 for W2 quantization group.
Proposal 16: Each of the {Ln, n=1, ..., N} is gNB-configured via higher-layer (RRC) signaling.
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