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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:
The type II codebook enhancement with TD compression requires multiple channel measurement at UE side, so it is worth taking a look into how legacy UE conducts multiple channel measurement. According to current specification, time domain channel/interference measurement restriction can be enabled/disabled by gNB. If it is enabled, UE measures the latest CMR/IMR no later than CSI reference resource, therefore single measurement is used to estimate channel in CSI reference resource.  If it is disabled, UE can measure multiple CMR/IMR instances no later than CSI reference resource and it is up to UE implementation how to use those multiple measurements to estimate channel in CSI reference resource. With this unrestricted measurement configuration, legacy UE is already able to use multiple measurements to calculate CSI. If codebook enhancement with TD compression is introduced in Rel-18, this unrestricted measurement configuration is necessary for UE to calculate PMI for multiple time instances.
Observation 1: type II codebook enhancement with TD compression requires multiple channel measurement at UE side.
Observation 2: If timeRestrictionForChannelMeasurements is not configured, UE can use multiple channel/interference measurements to calculate CSI with enhanced codebook based on TD compression. 
Observation 3: If timeRestrictionForChannelMeasurements is configured, UE can use only single channel/interference measurement to calculate CSI, so enhanced codebook with TD compression cannot be used.
Whether multiple channel measurement is possible does not only depend on time domain measurement restriction, as explained above, but also depend on periodicity of CMR/IMR. In case of AP CMR/IMR, only single measurement is possible since there is only one CMR/IMR instance without periodicity. On the other hand, P/SP CMR/IMR can provide UE with multiple chances for channel/interference measurement. However, since minimum periodicity is 4 slots according to current specification, enhancement for denser CMR configuration may be needed for high speed UE.
Observation 4: For AP CMR/IMR, only single measurement is possible since there is only one CMR/IMR instance without periodicity. For P/SP CMR/IMR, multiple measurement is possible but burst CMR/IMR configuration is limited due to minimum 4 slots periodicity.
In order to configure burst CMR, multiple NZP CSI-RS resources in consecutive symbols/slots can be configured and UE assumes the same antenna port for the same antenna port index for those CSI-RS resources. For example, 4 CSI-RS resources, in slot 1, 2, 3 and 4, respectively, can be configured for a CSI report. In legacy, UE should select one of those 4 CMRs with CRI. However, this selection is not needed anymore since those CMRs are configured just for burst measurement for the same DL channel. Therefore, for burst channel measurement, multiple CMRs without CRI reporting can be configured for a CSI report.
Proposal 1: Support multiple P/SP/AP NZP CSI-RS resources in NZP-CSI-RS-ResourceSet to configure burst CMR.
Proposal 2: For burst channel measurement, multiple P/SP/AP NZP CSI-RS resources in NZP-CSI-RS-ResourceSet without CRI reporting can be configured for a CSI report and UE assumes the same antenna port for the same antenna port index across those CMRs.
· CSI reporting window for type II codebook enhancement:
Like legacy type II codebook with FD compression representing PMIs for multiple sub-bands, new type II codebook with TD compression represents PMIs for multiple time instances, so how to determine these multiple time instances should be discussed. In the last RAN1 meeting, CSI reporting window, corresponds to the start/end of these multiple time instances, was discussed and combination of Alt 1/2/3 and A/B/C are listed up. 
The legacy CSI including PMI/RI/CQI represents channel for a single time instance which is called CSI reference resource. So, legacy CSI is already calculated based on CSI reporting window l=nref and WCSI=1. In this sense, it is natural to discuss how to extend CSI reporting window based on nref, which corresponds to Alt 1.
Basically, this reporting window can be defined either after CSI reference resource or before CSI reference resource, which Figure 1 and 2 shows, respectively, and it has different impacts on UE implementation.
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Figure 1. PMIs for multiple time instances no earlier than CSI reference resource (Alt 1B)
In Figure 1, UE calculates legacy PMIref_rsc based on DL channel in CSI reference resource, which can be derived from periodic CMRs no later than CSI reference resource. More importantly, UE calculates PMIref_rsc+τ and PMIref_rsc+2τ based on DL channel in CSI reference resource+τ slot and in CSI reference resource+2τ slot, which is predicted from periodic CMRs no later than CSI reference resource. Finally, PMIref_rsc, PMIref_rsc+τ and PMIref_rsc+2τ are compressed to reduce PMI feedback overhead by using enhanced type II codebook with TD compression. Since this codebook includes PMIs in future, which requires UE to predict DL channel after CSI reference resource, it is robust to channel aging and gNB can use it for better link adaptation.
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Figure 2. PMIs for multiple time instances no later than CSI reference resource (Alt 1A)
In Figure 2, UE calculates legacy PMIref_rsc in the same way as we explained above in Figure 1. However, unlike Figure 1, UE calculates PMIref_rsc-τ and PMIref_rsc-2τ based on DL channel in CSI reference resource-τ slot and in CSI reference resource-2τ slot, which is measured from periodic CMRs no later than CSI reference resource. Note that Figure 2 shows an example in which periodic CMRs are in CSI reference resource, CSI reference resource-τ slot and CSI reference resource-2τ slot. Finally, PMIref_rsc, PMIref_rsc-τ and PMIref_rsc-2τ are compressed to reduce PMI feedback overhead by using enhanced type II codebook with TD compression. Since this codebook includes PMIs in past, it does not require UE to predict further DL channel, which has less complexity than UE in Figure 1. However, PMIref_rsc-τ and PMIref_rsc-2τ are staler than legacy PMIref_rsc so it is questionable how to use them for better link adaptation at gNB side and potential gain.
Depending on UE capability for channel prediction, UE can support only Alt 1A or support both Alt 1A and Alt 1B. Specifically, if UE can conduct channel extrapolation, 1A and 1B can be supported and one of them is configured depending on whether gNB side prediction is possible. If UE cannot conduct channel extrapolation, only 1A is possible.
In the last meeting, it was agreed to down select one from Alt 1.B (i.e., l ≥ nref) and Alt 2.B (i.e., l ≥ n) when UE-side prediction is assumed. Alt 2.B seems more gNB friendly CSI feedback because reported PMIs correspond to channel no earlier than a reporting slot. However, it does not mean gNB is always able to use reported PMIs without compensation since it can schedule PDSCH in a slot outside CSI reporting window. More importantly, if Alt 2B is supported, there should be mismatch between CSI reporting window for PMI and CSI reporting window for legacy CQI because legacy CQI is still calculated based on reference resource slot before reporting slot n but PMI is calculated for time instances after reference resource slot. Therefore, if Alt 2B is supported, enhancement for CQI and reference resource slot should be considered together in order to avoid the mismatch. Considering work load and specification impact, Alt 1B is preferable.
Proposal 3: Support Alt 1A and 1B depending on UE capability for channel prediction.
In Alt 1, CSI reporting window can be configured with TD basis vector length, time unit and offset from CSI reference resource slot. For example, if TD basis vector length which may be configured with RRC signaling for a codebook parameter is 4 and time unit is one slot, then window size is determined by 4 slots. The starting slot of this window is determined by offset from CSI reference resource slot. If offset is 0, starting slot of this window is the same as CSI reference resource slot, which corresponds to Alt 1B depicted in Figure 1.
Proposal 4: CSI reporting window can be configured with TD basis vector length, time unit and offset from CSI reference resource slot.
· TD basis for type II codebook enhancement:
As we described in Figure 1 and 2, UE calculates multiple PMIs for multiple time instances in order to cope with channel aging effect due to high mobility.  However, it increases PMI feedback payload linearly as multiple time instances increases. Even if those PMIs share the same SD basis and FD basis, at least different coefficient values for each PMI, which occupies a dominant portion of the payload, needs to be reported. Therefore, time domain compression using TD basis for the coefficient values can be beneficial for feedback overhead reduction. Considering legacy type II codebook, in which SD basis set corresponding to 2L basis and FD basis set corresponding to M basis are independently selected based on DFT matrix, TD basis set also can be selected independently from SD/FD basis set. This is simple and straight forward way but not the best way in performance aspect. For example, beam direction of each SD basis can be fully/partially aligned with or opposite to UE’s moving direction, so each SD basis experience the different level of time varying channel. If different TD basis set can be selected for different SD basis considering this aspect, it helps to increase codebook accuracy. Similarly, each FD basis represents frequency characteristic for each of multi-path channel, and each of multi-path channel suffers from different Doppler shift. Therefore, different TD basis set can be selected for different FD basis.
[bookmark: _GoBack] Proposal 5: Support orthogonal DFT for TD basis, and SD/FD basis specific TD basis set selection.
TDCP reporting for high speed UE
In the last meeting, several candidates of TDCP parameters were shortly discussed as follows:
· AltA. Based on Doppler profile
· E.g., Doppler spread derived from the 2nd moment of Doppler power spectrum, average Doppler shifts, Doppler shift per resource, maximum Doppler shift, relative Doppler shift, etc
· AltB. Based on time-domain correlation profile
· E.g. Correlation within one TRS resource, correlation across multiple TRS resources
· Note: The correlation over one or more lags of TRS resource may be considered.  The lags may be within one TRS burst or different TRS bursts
· AltC: CSI-RS resource and/or CSI reporting setting configuration parameter(s) to assist network
· E.g. gNB configures UE with multiple choices on what to assist (e.g. two or more CSI-RS/report periodicities, or precoding schemes depending mainly on UE velocity), then UE report according to configuration; parameters correspond to CSI reporting periodicity, codebook type, etc.
For Alt A, there is no additional complexity to calculate Doppler shift and Doppler spread since legacy UE already estimates them when TRS is configured for QCL type A/B source. However, depending on how to report them including quantization and encoding details it may increase UE implementation complexity. Meanwhile, regarding Alt B and C, since those parameters are new, calculation itself, as well as quantization and encoding, increases UE complexity which does not seem negligible. Therefore, unless there is clear performance benefit over Alt A, Alt B and C are not preferable.  In addition, Alt C cannot cover other use cases such as gNB side CSI prediction or precoding scheme determination.
Proposal 6: Alt A is a good starting point as TDCP parameters to be reported.  
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 7: 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 8: 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 9: Support to configure K NZP CSI-RS resources for CJT CMR in the same slot only.
In the last meeting, the following alternatives for CJT codebook structure were discussed and agreed.
Agreement
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

In the above two modes, per TRP SD basis selection is supported in W1 and co-phase/amplitude component per TRP is included in W2. There are many components that can be extended in TRP specific manner such as SCI, FD basis, quantization level for coefficient, and so on. 
For example, a single SCI can be applied for all TRP or per TRP. If a single SCI is applied for all TRP, amplitude/phase difference across different TRPs can be naturally captured in W2 but lowest amplitude is limited by -21dB from strongest coefficient according to legacy differential table. This limitation is adequate for STRP scenario but not appropriate for MTRP scenario since it does not consider pathloss difference across TRPs. In other words, the difference between lowest amplitude and strongest coefficient can be more than 21 dB in MTRP scenario. Meanwhile, if a single SCI per TRP is introduced, the issue on amplitude range is resolved but strongest TRP indicator should be introduced to represent amplitude/phase difference across different TRP. Specifically, strongest TRP indicator selects one of strongest coefficient per TRP and differential amplitude/phase between the selected one and the other strongest coefficient per TRP needs to be reported. In addition, different quantization level for inter-TRP and intra-TRP coefficient can be considered to minimize overhead.  
In Mode 2, FD basis for each TPR can be jointly selected in order to save feedback overhead. A simple approach is to apply common FD basis for all TRP and minimize overhead for Wf. However, it may cause performance degradation because signal from different TRP suffers different multi-path. Considering both overhead and performance, FD basis joint selection can be done by two steps. Firstly, a common FD basis superset from DFT matrix can be selected, and then TRP specific FD basis set is selected for the common FD basis superset. 
In addition, since PMIs of all MTRPs are represented in a single codebook, TRP selection can be done by codebook selection and TRP selection indicator can be introduced as a PMI index. If a TRP is not selected, non-zero coefficient bitmap for the TRP does not need to be reported, saving feedback overhead. Also, in order to avoid using too many non-zero coefficient for a selected TRP, upper bound for the number of non-zero coefficient per TRP, i.e., Ko per TRP, can be applied.
Proposal 10: The following enhancement for CJT codebook can be considered: 
· For Mode 1 and 2, introduce per TRP SCI, strongest TRP indicator, and different quantization level for inter-TRP and intra-TRP coefficient
· For Mode 2, select TRP specific FD basis set within a common FD basis superset selected from DFT matrix
· For Mode 1 and 2, introduce TRP selection indicator and Ko per TRP
Furthermore, two modes have a codebook normalization issue. 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 5: UE selects lower CQI than what UE can actually achieve, if CJT codebook is normalized in conventional way.
Regarding TRP selection/determination schemes, the following was agreed in the last meeting.
Agreement
On the Type-II codebook refinement for CJT mTRP, down-select from the following TRP selection/determination schemes (where N is the number of cooperating TRPs assumed in PMI reporting) by RAN1#110bis-e:
· Alt1. N is gNB-configured via higher-layer (RRC) signalling
· The N configured TRPs are gNB-configured via higher-layer (RRC) signalling
· Note: only one transmission hypothesis is reported
· Alt2. N is UE-selected and reported as a part of CSI report where N{1,..., NTRP} 
· N is the number of cooperating TRPs, while NTRP is the maximum number of cooperating TRPs configured by gNB 
· In this case, the selection of N out of NTRP TRPs is also reported (FFS: exact reporting scheme)
· FFS: Configuration of NTRP TRPs and the value of NTRP, whether explicit or implicit
· Note: only one transmission hypothesis is reported. UE is not mandated to calculate CSI for multiple transmission hypotheses.
FFS: Whether S-TRP transmission hypothesis is also reported 
The number of TRPs and the TRPs participating in CJT can be changed dynamically depending on current DL channel. Therefore, UE selection and report for N TRPs is beneficial even though more CSI processing may be needed at UE side. In order to reduce feedback overhead due to hypothesis reporting, some restriction for candidate combination for N TRPs can be considered. Also, CSI processing relaxation for CPU/Z/Z’ can be considered.
Proposal 11: Support Alt 2 for TRP selection/determination scheme at UE side.
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 and Strongest Coefficient Indicator (SCI) design, for each layer, down-select one from the following alternatives by RAN1#110bis-e:
· Alt1. One group comprises one polarization across all TRPs/TRP-groups (Cgroup,phase=1, Cgroup,amp=2), one (common) SCI across all TRPs/TRP groups
· Alt2. One group comprises one polarization for one TRP/TRP-group (Cgroup,phase=N, Cgroup,amp=2N), per-TRP/TRP-group SCI
· FFS: Quantization of N strongest coefficients  
· Alt3. One group comprises one polarization for one TRP/TRP-group with a common phase reference across TRPs/TRP-groups (Cgroup,phase=1, Cgroup,amp=2N)
· FFS: SCI, per-TRP/TRP-group vs. one (common) SCI across all TRPs/TRP groups  
· FFS: Quantization of N strongest coefficients
· Alt4. For a selected TRP/TRP-group, one group comprises one polarization, and for remaining N-1 TRPs/TRP-groups, one group comprises one polarization across remaining N-1 TRPs/TRP-groups (Cgroup,amp=2+2=4), with a common phase reference across all of N TRPs/TRP-groups (Cgroup,phase=1)
· FFS: The selected TRP/TRP-group
FFS: The need for TRP/TRP-groupference across all of N TRPs/TRP-groups (, a
In our view, at least for amplitude, per TRP group should be introduced. As we described above related to Proposal 10, if one group with one SCI is used across TRPs, legacy table for amplitude quantization is not appropriate since it does not consider RSRP difference among TRPs. 
Proposal 12: Support Alt 2 or Alt 3 for W2 quantization group and SCI design.
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: 
Observation 1: type II codebook enhancement with TD compression requires multiple channel measurement at UE side.
Observation 2: If timeRestrictionForChannelMeasurements is not configured, UE can use multiple channel/interference measurements to calculate CSI with enhanced codebook based on TD compression. 
Observation 3: If timeRestrictionForChannelMeasurements is configured, UE can use only single channel/interference measurement to calculate CSI, so enhanced codebook with TD compression cannot be used.
Observation 4: For AP CMR/IMR, only single measurement is possible since there is only one CMR/IMR instance without periodicity. For P/SP CMR/IMR, multiple measurement is possible but burst CMR/IMR configuration is limited due to minimum 4 slots periodicity.
Proposal 1: Support multiple P/SP/AP NZP CSI-RS resources in NZP-CSI-RS-ResourceSet to configure burst CMR.
Proposal 2: For burst channel measurement, multiple P/SP/AP NZP CSI-RS resources in NZP-CSI-RS-ResourceSet without CRI reporting can be configured for a CSI report and UE assumes the same antenna port for the same antenna port index across those CMRs.
Proposal 3: Support Alt 1A and 1B depending on UE capability for channel prediction.
Proposal 4: CSI reporting window can be configured with TD basis vector length, time unit and offset from CSI reference resource slot.
Proposal 5: Support orthogonal DFT for TD basis, and SD/FD basis specific TD basis set selection.

TDCP reporting for high speed UE: 
Proposal 6: Alt A is a good starting point as TDCP parameters to be reported.  
Proposal 7: 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 8: For aggregated K NZP CSI-RS resources, index ports of the CSI-RS resources in the order of CSI-RS resource ID. 
Proposal 9: Support to configure K NZP CSI-RS resources for CJT CMR in the same slot only.
Proposal 10: The following enhancement for CJT codebook can be considered: 
· For Mode 1 and 2, introduce per TRP SCI, strongest TRP indicator, and different quantization level for inter-TRP and intra-TRP coefficient
· For Mode 2, select TRP specific FD basis set within a common FD basis superset selected from DFT matrix
· For Mode 1 and 2, introduce TRP selection indicator and Ko per TRP
Observation 5: UE selects lower CQI than what UE can actually achieve, if CJT codebook is normalized in conventional way.
Proposal 11: Support Alt 2 for TRP selection/determination scheme at UE side.
Proposal 12: Support Alt 2 or Alt 3 for W2 quantization group and SCI design.
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