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Introduction
During RAN1#110 meeting, RAN1 reached the following agreements [1]–[4]:

Agreement: For the Rel-18 Type-II codebook refinement for CJT mTRP with  TRP/TRP-groups, support  with equal priority.

Agreement: For the Rel-18 Type-II codebook for CJT mTRP, support .

Agreement: For the Rel-18 Type-II codebook refinement for CJT mTRP with  TRP/TRP-groups, the following is supported:
· The CMR comprises  NZP CSI-RS resources, where one resource corresponds to one TRP/TRP-group (i.e., )
· 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).

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  TRPs / TRP groups. Example formulation ( = number of TRPs or TRP groups): 

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

Agreement: On the Type-II codebook refinement for CJT mTRP, down-select from the following TRP selection/determination schemes (where  is the number of cooperating TRPs assumed in PMI reporting) by RAN1#110bis-e:
· Alt1.  is gNB-configured via higher-layer (RRC) signaling
· The  configured TRPs are gNB-configured via higher-layer (RRC) signaling
· Note: only one transmission hypothesis is reported
· Alt2.  is UE-selected and reported as a part of CSI report where  
·  is the number of cooperating TRPs, while  is the maximum number of cooperating TRPs configured by gNB 
· In this case, the selection of  out of  TRPs is also reported (FFS: exact reporting scheme)
· FFS: Configuration of  TRPs and the value of , 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  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 (, ), one (common) SCI across all TRPs/TRP groups
· Alt2. One group comprises one polarization for one TRP/TRP-group (, ), per-TRP/TRP-group SCI
· FFS: Quantization of  strongest coefficients  
· Alt3. One group comprises one polarization for one TRP/TRP-group with a common phase reference across TRPs/TRP-groups (, )
· FFS: SCI, per-TRP/TRP-group vs. one (common) SCI across all TRPs/TRP groups  
· FFS: Quantization of  strongest coefficients
· Alt4. For a selected TRP/TRP-group, one group comprises one polarization, and for remaining  TRPs/TRP-groups, one group comprises one polarization across remaining  TRPs/TRP-groups (), with a common phase reference across all of N TRPs/TRP-groups ()
· 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 for CJT mTRP based on the Rel-16 Type-II codebook, SD basis and FD basis are separate, each fully reusing the legacy Rel-16 DFT-based design

Agreement: The Rel-18 Type-II codebook for CJT mTRP comprises refinement of the following codebooks:
· Refinement of the Rel-16 eType-II regular codebook
· Refinement of the Rel-17 FeType-II port selection (PS) codebook, based on the same design details as the refinement of the Rel-16 eType-II regular codebook, except for the supported set of parameter combinations
Strive to maintain as much commonality between the Rel-16 and Rel-17 codebook enhancements to minimize workload.
Vivo and Lenovo raised concerns on the workload due to this agreement

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: On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, support the assumption of the UE-side prediction 
· On the definition of UE-side prediction, down-select one from the following alternatives:
· 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) 
· Alt3. UE “predicting” channel/CSI after the slot where CSI-RS resides 

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:  
·  (a CSI reference resource slot) as boundary
· Alt2.B: 
·  (report slot) as boundary

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: 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  

Agreement: For the Rel-18 TRS-based TDCP reporting, the use case of “aiding gNB-side CSI prediction” is refined to “aiding gNB implementation in CSI prediction for TDD”

This contribution provides our views on CSI enhancements for high/medium UE velocities, coherent JT (CJT), and UE reporting of time domain channel properties (TDCP).

Discussion
CSI enhancements for coherent JT (CJT)
The first open issue is on the determination of the number  of cooperating TRPs:Agreement: On the Type-II codebook refinement for CJT mTRP, down-select from the following TRP selection/determination schemes (where  is the number of cooperating TRPs assumed in PMI reporting) by RAN1#110bis-e:
· Alt1.  is gNB-configured via higher-layer (RRC) signaling
· The  configured TRPs are gNB-configured via higher-layer (RRC) signaling
· Note: only one transmission hypothesis is reported
· Alt2.  is UE-selected and reported as a part of CSI report where  
·  is the number of cooperating TRPs, while  is the maximum number of cooperating TRPs configured by gNB 
· In this case, the selection of  out of  TRPs is also reported (FFS: exact reporting scheme)
· FFS: Configuration of  TRPs and the value of , 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


To simplify matters, we assume that the value of  is always configured via higher-layer (RRC) signaling; this applies to Alt1 and Alt 2. Moreover, in Alt1, the  cooperating TRPs are configured by the gNB via RRC signaling, while in Alt2, who configures the  TRPs is an open question (as it is the configuration of the very value of ). This asymmetry between the two alternatives is undesirable; it can also be remedied pretty straightforwardly:  
Proposal 1.  Both for Alt1 and Alt2, the gNB configures the value of  and the  TRPs via higher-layer (RRC) signaling. 

Regarding the down-selection between Alt1 and Alt2, we prefer Alt2. This is because Alt1 only considers the point of view of the network. By contrast, Alt2 considers the points of view of both the network and the UE. In particular, the UE can further restrict the set of  cooperating TRPs selected by the network. Hence, Alt2 has more potential for PMI signaling overhead savings. The ability for the UE to further restrict the set of  cooperating TRPs can be made optional should concerns arise about the additional computational complexity at the terminals.
Observation 1.  With Alt2, the UE can further reduce the set of  cooperating TRPs selected by the network. Hence, Alt2 has more potential for saving PMI signaling overhead compared to Alt1.
Proposal 2.  For the down-selection of TRP selection/determination schemes, Alt2 should be preferred due to the greater potential for saving PMI signaling overhead compared to Alt1.

We also note that Alt2 (“only one transmission hypothesis is reported) and the final FFS (whether S-TRP transmissions hypothesis is also reported) contradict each other. We support reporting an additional S-TRP transmission hypothesis. This can be seen as a fallback configuration in case one or more of the  TRPs cannot participate in certain CJT mTRP transmissions.
Proposal 3.  Support reporting and additional S-TRP transmissions hypothesis as fallback configuration if CJT mTRP transmissions are not possible.

CSI enhancements for high/medium UE velocities
An issue to discuss is the down selection of the Doppler-/time-domain basis waveforms:
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
· Alt	3. Reuse Rel-16/17 (F)eType-II codebook with multiple  and a single  and  report.

The down selection of the Doppler-/time-domain basis waveform should be made based on simulation results by companies. To keep the size of PMI reports manageable, Alt2B should only be adopted if significant performance advantages over Alt2A are demonstrated. Similar reasoning applies to Alt3 with respect to Alt2A.
Proposal 4.  To keep the size PMI reports manageable, Alt2A is preferred. Alt2B and Alt3 should only be adopted if significant performance advantages over Alt2A are demonstrated.

There is also the related issue of basis waveform selection:
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

It seems that this issue depends on the previous one. More precisely, if  may be the identity matrix as a special case, then Alt2 should be part of the set of eligible DD/TD basis waveforms: Both Alt1 and Alt2 can be adopted. On the other hand, if it turns out that  is not allowed to be the identity matrix, then only Alt1 is needed.
Proposal 5.  If  may be the identity matrix as a special case, then Alt2 should be part of the set of eligible DD/TD basis waveforms: Both Alt1 and Alt2 can be adopted. On the other hand, if it turns out that  is not allowed to be the identity matrix, then only Alt1 is adopted.

UE reporting of time domain channel properties (TDCP) measured via CSI-RS for tracking
For the reporting of TRS-based TDCP, RAN1 is to down select between several reporting parameters:
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  

[bookmark: _Ref101899917]It has been argued that AltC yields suboptimal performance because the UE does not have enough information to properly select between the several possible CSI-RS/report periodicities or precoding schemes. Therefore, only AltA and AltB should be considered as a starting point for the discussions. AltA has the potential to save most reporting overhead at the cost of additional UE computational complexity (the UE, starting from a TD correlation profile, has to compute one or more parameters of the Doppler profile). On the other hand, AltB can provide a more complete picture of the variation rate of the channel, although it might require the reporting of several correlation lags, thereby increasing the length of TRS-based TDCP reports.
Proposal 6.  For the reporting of TRS-based TDCP, consider AltA and AltB as a starting point for further discussions.

[bookmark: _Hlk47387515]Conclusions
We made the following observations and proposals:
Observation 1.  With Alt2, the UE can further reduce the set of  cooperating TRPs selected by the network. Hence, Alt2 has more potential for saving PMI signaling overhead compared to Alt1.

Proposal 1.  Both for Alt1 and Alt2, the gNB configures the value of  and the  TRPs via higher-layer (RRC) signaling. 
Proposal 2.  For the down-selection of TRP selection/determination schemes, Alt2 should be preferred due to the greater potential for saving PMI signaling overhead compared to Alt1.
Proposal 3. Support reporting and additional S-TRP transmissions hypothesis as fallback configuration if CJT mTRP transmissions are not possible.
Proposal 4.  To keep the size PMI reports manageable, Alt2A is preferred. Alt2B and Alt3 should only be adopted if significant performance advantages over Alt2A are demonstrated.
Proposal 5.  If  may be the identity matrix as a special case, then Alt2 should be part of the set of eligible DD/TD basis waveforms: Both Alt1 and Alt2 can be adopted. On the other hand, if it turns out that  is not allowed to be the identity matrix, then only Alt1 is adopted.
Proposal 6.  For the reporting of TRS-based TDCP, consider AltA and AltB as a starting point for further discussions.
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