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1 Introduction
CSI enhancement for Coherent-JT targeting FR1 and up to 4 TRPs, CSI enhancement for high/medium UE velocities and TDCP reporting were agreed for Rel-18 MIMO evolution. And in RAN1#110 meeting, agreements for CSI enhancements were achieved as: 
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
Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, down-select one from the following codebooks structures:
· Alt2A: Doppler-domain basis commonly selected for all SD/FD bases, e.g. 
· Note that  may be the identity as a special case
· Alt2B: Doppler-domain basis independently selected for different SD/FD bases 
· Note that  may be the identity as a special case
· Alt3. Reuse Rel-16/17 (F)eType-II codebook with multiple  and a single  and  report.
Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, on the DD/TD basis waveforms:
· Down-select or combine from the following Doppler-/time-domain basis waveforms:
· Alt1. Orthogonal DFT
· TBD (by RAN1#110bis): whether rotation is used or not
· FFS: identical or different rotation factors for different SD components
· Alt2. Identity (i.e. no Doppler-/time-domain compression)
· FFS: Whether Doppler-/time-domain (DD/TD) basis vector length (N4) is RRC-configured or reported by the UE
· FFS: Whether the number of selected DD/TD basis vectors (for Alt1) is RRC-configured or reported by the UE
Agreement
The Rel-18 TRS-based TDCP reporting comprises stand-alone auxiliary feedback information to enable refinement of CSI reporting configuration, and/or codebook configuration parameters, and/or (to be confirmed in RAN1#110) gNB-side CSI prediction
· Not conditioned on other UCI parameters
· Not reported together with CQI/PMI/RI/(CRI) associated with a codebook
· Note: This does not prevent TDCP reporting from being multiplexed with other UCI parameters on PUCCH and/or PUSCH
· Note: Aperiodic reporting is supported (per agreed Alt1 in RAN1#109-e)
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 
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 “strongest” TRP/TRP-group indicator in addition to SCI(s)
Agreement
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
Agreement
On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities assuming the UE-side prediction, on the definition of UE-side prediction, down-select one from the following alternatives by RAN1#110bis-e:
· Alt1. UE “predicting” channel/CSI after the slot with a reference resource 
· Alt2. UE “predicting” channel/CSI after slot n (where the CSI is reported) 
Agreement
On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, when UE-side prediction is assumed, down-select one from the following alternatives by RAN1#110bis-e:
· Alt1.B:  l ≥ nref
· nref (a CSI reference resource slot) as boundary
· Alt2.B: l ≥ n
· n (report slot) as boundary
Agreement
For the Rel-18 TRS-based TDCP reporting, down select one of the following alternatives by RAN1#110bis-e:
· 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.
Note: Different alternatives may or may not apply to different use cases  
In this paper, we provided our views on CSI enhancements for CJT, high/medium velocities and TDCP reporting.
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2.1 CSI enhancements for CJT
As the propagation environment varies, the multiple TRPs are not always suitable for CJT, and the channel characteristic for TRPs can be well measured at UE side, so we think CJT CSI reporting should also support reporting the number of TRPs, or at least support reporting single-TRP and multi-TRP hypotheses (based on multiple configured TRPs), which can achieve balance between complexity and flexibility. And in case of single-TRP hypothesis, Rel-16 Type-II codebook can be used, and in case of multi-TRP hypothesis, enhancement codebook can be used, which is similar with single-TRP/multi-TRP hypothesis in case of NCJT. 
Proposal 1: Regarding TRP selection/determination, support Alt 2 (UE-select and report number of cooperating TRPs), or at least support single-TRP and multi-TRP hypothesis (based on configured TRPs).
Two codebook modes were agreed for CJT in last meeting, and details on W2 quantization need further discussion. Regarding bitmap for indicating non zero coefficients, it should be separate bitmap for each TRP. And considering the increased delay paths of different TRPs, finer frequency domain granularity should be considered. 
Proposal 2: For codebook indicators refinement, support per TRP bitmap indication for non-zero coefficients. And finer frequency domain granularity (refinement of value R) should be considered. 
Regarding the W2 quantization group, we support to report the relative amplitude coefficient across TRPs, which is also beneficial for TRP selection. For example, a value of 0 for relative amplitude coefficient can implicitly indicate the corresponding TRP is not selected. In addition, we think strongest TRP indicator is needed, and based on this, the SCI can further correspond to the strongest TRP, in addition, the amplitude/phase coefficient corresponding to the strongest basis of the strongest TRP can be fixed values, and no need to be reported, similar as SCI in legacy codebooks. 
Proposal 3: For codebook refinement, support Alt 3 (Cgroup,phase=1, Cgroup,amp=2N) as first preference, with relative amplitude coefficient including value 0. And also support to introduce strongest TRP indicator. 
Furthermore, as more than one TRPs are involved for the enhanced codebook, CSI payload is increased, and consequently, the priority rules should be updated, at least after the codebook structure is fixed. For example, further considering the priority between codebook indicators among TRPs. 
Proposal 4: CSI payload partitioning and priorities should be further discussed.
2.2 CSI enhancements for high/medium velocities
Considering the codebook refinement, Rel-16 eType-II regular codebook and Rel-17 FeType-II port selection codebook were listed as starting point, and we think Rel-16 eType-II codebook should be down-selected or at least prioritized.
Proposal 5: For CSI enhancements for high/medium velocities, Rel-16 eType-II codebook should be down-selected. 
It was agreed that doppler domain basis introduced for the enhanced codebook. And regarding the doppler domain basis selection for different SD/FD bases, we think commonly selected (i.e. Alt 2A Doppler-domain orthogonal DFT basis commonly selected for all SD/FD bases) is sufficient, and further adjustment between SD/FD bases can be achieved based on phase coefficients in W2, as phase coefficients are per SD/FD basis reported. 
Proposal 6: For codebook structure for high/medium velocities, support Alt 2A (Doppler-domain basis commonly selected for all SD/FD bases). 
As UE movement may change at different instances, and the movement can be well identified on UE side, so we think whether to report Doppler domain bases should be UE determined and reported to the network device. For example, if the velocity is slow, legacy codebook is sufficient, and there is no need of large CSI payload reporting, and if velocity is high or medium, new codebook with DFT based Doppler domain bases can be reported.
Proposal 7: Support explicit reporting of legacy codebook or enhanced codebook for high/medium velocities.
Another key issue is the reporting and measurement window, as the channel is measured at UE side, so we think the prediction or Doppler domain bases determination at UE side is more accurate and reasonable. regarding the two boundaries for UE prediction (CSI reference resource slot or report slot), we think CSI reference resource slot should be supported, as the CSI within the duration between the CSI reference resource slot and report slot is more accurate and codebook quantization based on the duration can provide more useful information to network, which is beneficial for network implementation. 
Proposal 8: Regarding the boundary for UE prediction, support Alt 1.B (l ≥ nref) with CSI reference resource slot as boundary. 
In addition, in last meeting, the potential enhancements on CQI was discussed. As based on the enhanced CSI, multiple PMIs corresponding to different time units can be obtained, while legacy CQI is calculated conditioned on one PMI corresponding to a single time unit, so we think enhancements on CQI reporting should also be considered. And more than one CQI conditioned on PMIs corresponding to different time units should be studied.
Proposal 9: Support enhancements on CQI reporting, and further study more than one CQIs conditioned on different PMIs corresponding to different time units.
Furthermore, as there is a new domain (Doppler domain) introduced in the codebook structure, so omission priority rule for CSI reporting should be further studied. 
Proposal 10: Further study CSI reporting priority with the new introduced bases.
2.3 CSI enhancements for TDCP
It was agreed TDCP reporting is standalone, regarding the reporting content, we think configuration parameters for assistance should be firstly removed, and either based on doppler profile or time-domain correlation profile is OK for further discussion.  
In addition, the TRS resource overhead for TDCP measurement should be considered. For example, current TRS design is indented for fine time/frequency tracking, and TDCP reporting seems not require so tense resources.
Proposal 11: For TRS based TDCP, we are fine with Alt A (Doppler profile) or Alt B (time-domain correlation profile), and Alt B is slightly preferred. And TRS resource overhead should be considered.
3 Conclusion
In this contribution, we provided our views on CSI enhancement for CJT and high/medium velocities, and we propose:
Proposal 1: Regarding TRP selection/determination, support Alt 2 (UE-select and report number of cooperating TRPs), or at least support single-TRP and multi-TRP hypothesis (based on configured TRPs).
Proposal 2: For codebook indicators refinement, support per TRP bitmap indication for non-zero coefficients. And finer frequency domain granularity (refinement of value R) should be considered. 
Proposal 3: For codebook refinement, support Alt 3 (Cgroup,phase=1, Cgroup,amp=2N) as first preference, with relative amplitude coefficient including value 0. And also support to introduce strongest TRP indicator. 
Proposal 4: CSI payload partitioning and priorities should be further discussed.
Proposal 5: For CSI enhancements for high/medium velocities, Rel-16 eType-II codebook should be down-selected. 
Proposal 6: For codebook structure for high/medium velocities, support Alt 2A (Doppler-domain basis commonly selected for all SD/FD bases). 
Proposal 7: Support explicit reporting of legacy codebook or enhanced codebook for high/medium velocities.
Proposal 8: Regarding the boundary for UE prediction, support Alt 1.B (l ≥ nref) with CSI reference resource slot as boundary. 
Proposal 9: Support enhancements on CQI reporting, and further study more than one CQIs conditioned on different PMIs corresponding to different time units.
Proposal 10: Further study CSI reporting priority with the new introduced bases.
Proposal 11: For TRS based TDCP, we are fine with Alt A (Doppler profile) or Alt B (time-domain correlation profile), and Alt B is slightly preferred. And TRS resource overhead should be considered.
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