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Introduction
During RAN1#110b-e meeting, RAN1 reached the following agreements and conclusions [1]–[4]:
Enhancements for CJT
Agreement: On the Type-II codebook refinement for CJT mTRP, following legacy (Rel-16 regular eType-II and Rel-17 PS FeType-II), for a given CSI-RS resource:
· SD basis selection is layer-common and polarization-common, with  defined per Rel-16 specification for refinement based on Rel-16 regular eType-II, and per Rel-17 specification for refinement based on Rel-17 PS FeType-II
· FD basis selection is 
· For refinement based on Rel-16 regular eType-II: per-layer with , and  defined per Rel-16 specification
· For refinement based on Rel-17 PS FeType-II: layer-common with , and  defined per Rel-17 specification
· FFS: Details on FD basis selection window
Note: The supported value(s) for each of the defined parameters are to be discussed separately (e.g., possibilities of adding new or removing existing value(s) in addition to those supported by legacy specification).

Agreement: On the SD basis selection for Type-II codebook refinement for CJT mTRP, following legacy (Rel-16 regular eType-II and Rel-17 PS FeType-II), SD basis selection is per CSI-RS-resource. 
· Down select from the following alternatives (RAN1#110bis-e) on the  parameter:
· Alt1. Per-CSI-RS-resource  parameter 
· TBD: Whether  are higher-layer configured by gNB, or the total   is higher-layer configured by gNB while  are reported by the UE
· Alt2. gNB configures a common 𝐿 parameter for all  CSI-RS resources via higher-layer signaling
FFS: Study on additional optimization for collocated multi-panel scenario.

Agreement: On the Type-II codebook refinement for CJT mTRP, following legacy (Rel-16 regular eType-II and Rel-17 PS FeType-II), regarding the location of non-zero coefficients (NZCs) indicated by bitmap (following legacy mechanism), for each layer, support separate bitmap per each CSI-RS resource 
· Total size  where  is the bitmap size for CSI-RS resource 
· TBD: Whether  ( for mode 2) analogous to legacy, or further reduction of bitmap size is supported.
· FFS: Depending on the outcome of other issues, whether  or .
FFS: Per-CSI-RS-resource NNZC (number of NZCs) constraint vs. joint NNZC constraint across  CSI-RS-resources.

Agreement: For the Rel-18 Type-II codebook refinement for CJT mTRP, the constraint on the maximum number of non-zero coefficients (NZCs) per-layer () is defined jointly across all N CSI-RS resources.
· TBD: the constraint on the total number of NZCs across all layers.

Agreement: For the Rel-18 Type-II codebook refinement for CJT mTRP, 
· Only CSI reporting over PUSCH is supported.
· FFS: Whether AP only, or both AP and SP (following legacy), is supported.
· An associated Resource Setting includes a CMR comprising  NZP CSI-RS resources from one CSI-RS resource set.
· Periodic, semi-persistent, and aperiodic NZP CSI-RS are supported.
· The supported CSI-RS resource parameter settings follow the legacy specification (without additional enhancement).
· FFS: Whether or not the  NZP CSI-RS resources are constrained to be in the same slot.

Agreement: On the Type-II codebook refinement for CJT mTRP, regarding  quantization group and Strongest Coefficient Indicator (SCI) design, for each layer: 
· One (common) SCI applies across all  CSI-RS resources.
· Further down-select one from the following alternatives by RAN1#110bis-e:
· Alt1. One group comprises one polarization across all 𝑁 CSI-RS resources ().
· FFS: Amplitude quantization table considering transmission power difference between multiple TRPs.
· For each of the amplitude groups (other than the group associated with the SCI), the reference amplitude is reported.
· Alt3. One group comprises one polarization for one CSI-RS resource with a common phase reference across N CSI-RS resources ().
· For each of the () amplitude groups (other than the group associated with the SCI), the reference amplitude is reported.
· FFS: The need for “strongest” TRP/TRP-group indicator in addition to the SCI.

Agreement: For the Rel-18 Type-II codebook for CJT mTRP, the switching between mode-1 and mode-2 is gNB-initiated via RRC signalling.

Agreement: On the SD basis selection for Type-II codebook refinement for CJT mTRP, support the following on the  parameter:
· Per-CSI-RS-resource  parameter 
· TBD: Whether  are higher-layer configured by gNB, or the total   is higher-layer configured by gNB while  are reported by the UE, one  configured and   determined from configured 
· FFS: The value of  is taken from a pre-defined set (possible values FFS)

Conclusion: On the Type-II codebook refinement for CJT mTRP, regarding  quantization group and Strongest Coefficient Indicator (SCI) design, there is no consensus on supporting “strongest” CSI-RS resource indicator in addition to the agreed SCI. 
Note: This doesn’t preclude any (future) proposal on reference CSI-RS resource(s) for other purpose(s).

Agreement: For the Rel-18 Type-II codebook refinement for CJT mTRP, following legacy, support both aperiodic and semi-persistent CSI reporting on PUSCH.

Agreement: On the Type-II codebook refinement for CJT mTRP, the selection of  CSI-RS resources is performed by UE and reported as a part of CSI report where . 
·  is the number of cooperating CSI-RS resources, while  is the maximum number of cooperating CSI-RS resources configured by gNB via higher-layer signaling.
· The selection of  out of  CSI-RS resources is reported via -bit bitmap in CSI part 1.
· Note: The value of  is inferred from the selection.
· A restricted configuration (gNB-configured via higher-layer signaling) where  is supported.
· -bitmap is not reported when the restriction is configured.
· FFS: Wh	ether other RRC-configured TRP selection restriction including configuring the value of  is supported.
· This feature is UE optional. 
Note: This agreement does not impact the decision on  being configured by gNB or selected by UE.
Note: per WID and previous agreement, the candidate values for  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.

Agreement: On the Type-II codebook refinement for CJT mTRP, regarding  quantization group, for each layer:
· Support the following: (Alt1) One group comprises one polarization across all 𝑁 CSI-RS resources ().
· 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  CSI-RS resources ().
· For each of the () 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.

Agreement: For the Rel-18 Type-II codebook refinement for CJT mTRP, also support a constraint on the total number of non-zero coefficients (NZCs) summed across all layers:
· Following the legacy specification, the maximum total number is 

Agreement: On the SD basis selection for Type-II codebook refinement for CJT mTRP, on the  parameter, down-select from the following alternatives (by RAN1#111):
· Alt1. Each of the  is gNB-configured via higher-layer (RRC) signaling.
· FFS: The candidate values for , e.g., follow the legacy specification.
· Alt2.   where   is gNB-configured via higher-layer (RRC) signaling and the relative value(s) of  are reported by the UE.
· TBD: Whether for a given configured value of , the possible combinations of  are fixed/pre-determined or gNB-configured via higher-layer (RRC) signaling.
· T	BD: Whether the value(s) of  are reported implicitly or explicitly, and whether some value(s) don’t need to be reported.
· FFS: The candidate values for.
· Alt3. An  parameter is gNB-configured via higher-layer (RRC) signaling and  are determined from the value of  
· TBD: How to determine  from , e.g.  and other .
· FFS: The candidate values for .
· Alt4.  is gNB-configured via higher-layer (RRC) signaling and the relative value(s) of  are reported by the UE 
· The relative value(s) of  are reported by the UE, such that .
· TBD: Whether the value(s) of  are reported implicitly or explicitly, and whether some value(s) don’t need to be reported.
· FFS: The candidate values for.

Agreement: On the Type-II codebook refinement for CJT mTRP, regarding the codebook parameters, for a given CSI-RS resource, the supported value(s) of the following parameters follow the legacy (Rel-16 regular eType-II and Rel-17 PS FeType-II) specification: 
· .
·  (only for design based on Rel-17 PS FeType-II).
For the following parameters, decide in RAN1#111 whether the supported value(s) follow the legacy (Rel-16 regular eType-II and Rel-17 PS FeType-II) specification or further refinement is needed: 
· : including, e.g., supporting only , or supporting larger  values.
·  (Rel-16 regular eType-II): including, e.g., supporting smaller  values such as  for  and/or removing larger legacy value(s).
· : including, e.g., supporting smaller values such as .
Note: The outcome of Parameter Combination discussion will further restrict the supported combinations of parameter value(s)
FFS: For , whether the maximum   (identical to the number of CSI-RS ports used for CMR) is limited to  just as in legacy specification.

Agreement: 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  (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.

Agreement: For the Rel-18 Type-II codebook for CJT mTRP, for mode-1, the number of FD basis vectors ( related to  for Rel-16, 𝑀 for Rel-17) is common across all  CSI-RS resources.

Enhancements for high/medium velocities
Agreement: For the Rel-18 Type-II codebook refinement for high/medium velocities, support .

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, support UE “predicting” channel/CSI after slot  where the location of slot 𝑙 is configured (from multiple candidate values) by gNB via higher-layer signaling.
· Candidates of slot  location include the legacy CSI reference resource location () and slot () where .
· FFS: Possible value(s) of  and possible value(s) of .
Note: Per legacy behavior, the legacy CSI reference resource, i.e., (), is reused for locating the last CSI-RS occasion used for a CSI report.
For a UE that supports UE-side prediction, the support of ) is UE optional.

Agreement: For the Type-II codebook refinement for high/medium velocities, down-select from the following alternatives: 
· Alt1.  different 2-dimensional bitmaps are introduced for indicating the location of the NZCs, where the th () 2-dimensional bitmap corresponds to th selected DD basis vector.
· The number of selected DD basis vectors is denoted as .
· This implies that for each layer, the location of NZCs in SD-FD can be different for different selected DD basis vectors.
· Alt2. A DD-basis-common per-layer 2-dimensional bitmap for indicating the location of NZCs used in Rel-16/17 Type-II is used.
· This implies that for each layer, the location of NZCs in SD-FD is common across all the  selected DD basis vectors.
FFS: Further overhead reduction on bitmap(s).
FFS: Whether the number of NZCs is upper bounded across all DD basis vectors or per DD basis vector.

Agreement: For the Rel-18 Type-II codebook refinement for high/medium velocities, support the following codebook structure where  is gNB-configured via higher-layer signaling:
· For , Doppler-domain basis is the identity (no Doppler-domain compression) reusing the legacy ,  , and , e.g., .
· For , Doppler-domain orthogonal DFT basis commonly selected for all SD/FD bases reusing the legacy  and , e.g.  
· Only  (denoting the number of selected DD basis vectors)  is allowed.
· TBD (by RAN1#110bis): whether rotation is used or not.
· FFS: identical or different rotation factors for different SD components.
· FFS: Whether  is RRC-configured or reported by the UE.
Note: Detailed designs for SD/FD bases including the associated UCI parameters follow the legacy specification.
FFS: Whether one CSI reporting instance includes multiple  and a single   and  report.

Conclusion: On the usage of CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, there is no consensus in supporting any specification enhancement for the following assumptions:
· Legacy UE procedure for CSI measurement/calculation (equivalent to the combination of  ) and ).
· gNB-side prediction.
· Note: This doesn’t preclude any gNB implementation.

Agreement: For the Type-II codebook refinement for high/medium velocities, only CSI reporting over PUSCH is supported .
· Following legacy, support both aperiodic and semi-persistent CSI reporting on PUSCH.

Agreement: For the Type-II codebook refinement for high/medium velocities, the selection of DD basis vectors is layer-specific.
· The number of selected DD basis vector (denoted as 𝑄) is layer-common.

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:
· Time-domain behavior for NZP CSI-RS resource: periodic (P), semi-persistent (SP), aperiodic (AP).
· FFS: Whether to introduce constraints on the allowed configuration.
· Down-select from the following: 
· Alt1. Support  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  slot(s).
· Alt2. Support one NZP CSI-RS resource in a CSI-RS resource set, where  occasions are received via a single triggering instance, for aperiodic (AP)-CSI-RS-based channel measurement where the separation between 2 consecutive AP-CSI-RS resources is  slot(s).
· For any of the alternatives:
· No CRI is reported.
· FFS: Details, e.g., supported value(s) of , other use cases for the AP-CSI-RS resources (e.g., for training filter coefficients, prediction or performance monitoring).
· Support only one NZP CSI-RS resource for  or SP-CSI-RS-based channel measurement

Agreement: For the Rel-18 Type-II codebook refinement for high/medium velocities, when , if multiple candidates of  value are supported, the value of  is gNB-configured via higher-layer (RRC) signaling.

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  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  slot(s).

Agreement: For the Rel-18 Type-II codebook refinement for high/medium velocities, when , down-select from the following alternatives (by RAN1#111) for the orthogonal DFT DD basis:
· Alt1. No rotation factor.
· Alt2. A rotation factor is selected for each SD basis vector.
· FFS: Supported values of rotation factor.
Note: At least two companies opine that Alt2 is not aligned either with the agreement in RAN1#110bis-e or WID objective #1.

Agreement: For the Type-II codebook refinement for high/medium velocities, for , study the supported values for  from (but not limited to) the following candidates, in conjunction with the supported values of  and DD units:
· Alt1.  is determined as a function of , e.g.,  for , and  for .
· Alt2.  is selected from multiple candidate values, e.g.,  (or a subset thereof, e.g., ), the maximum value is FFS.
· Alt3. Only single value is supported, e.g.,  only or  only.

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, study the supported value(s) for 𝛿 and  from (but not limited to) the following candidates, in conjunction with the supported values of  and DD units:
·  (slots): , or a subset thereof with at least two values including , or a single fixed value (e.g., 0 or 1).
·  (slots): , following periodicity of P/SP-CSI-RS or SP-CSI (e.g., 4, 5, 8, 10, 16, 20, 40), (=DD unit size in slots,  is unit-less).
FFS: Dependence on sub-carrier spacing should also be studied.

Enhancements for TRS-based TDCP reporting
Agreement: For the Rel-18 TRS-based TDCP reporting, down select one of the following alternatives by RAN1#110bis-e:
· Alt-A. 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 quantized amplitude of 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.
Note: Different alternatives may or may not apply to different use cases.
FFS: The need for a measure of confidence level in the TDCP report, and/or UE behavior when the quality of TDCP measurement is not sufficiently high.
FFS: TDCP parameter(s) signaled with respect to each alternative.

Conclusion: For the Rel-18 TRS-based TDCP reporting, there is no consensus in supporting periodic, semi-persistent, and event-triggered/UE-initiated TDCP reporting.

Conclusion: For the Rel-18 TRS-based TDCP reporting, the description in the 2nd and 3rd columns of Table 1 in R1-2210523 (“what to report” and “how to calculate”, respectively) will be used as a reference for further evaluation and down selection in RAN1#111, with the following edit (underlined and in red text):
Scheme B column 2: “Amplitude  vs. delay value , e.g., Non-zero quantized version of amplitude  for a number of delay values  (quantized amplitude vs delay) ….”

This contribution provides our views on CSI enhancements for high/medium UE velocities and coherent JT (CJT).

Discussion
CSI enhancements for coherent JT (CJT)
An open issue is the determination of the number  of beams:
Agreement: On the SD basis selection for Type-II codebook refinement for CJT mTRP, on the  parameter, down-select from the following alternatives (by RAN1#111):
· Alt1. Each of the  is gNB-configured via higher-layer (RRC) signaling.
· FFS: The candidate values for , e.g., follow the legacy specification.
· Alt2.   where   is gNB-configured via higher-layer (RRC) signaling and the relative value(s) of  are reported by the UE.
· TBD: Whether for a given configured value of , the possible combinations of  are fixed/pre-determined or gNB-configured via higher-layer (RRC) signaling.
· T	BD: Whether the value(s) of  are reported implicitly or explicitly, and whether some value(s) don’t need to be reported.
· FFS: The candidate values for.
· Alt3. An  parameter is gNB-configured via higher-layer (RRC) signaling and  are determined from the value of  
· TBD: How to determine  from , e.g.  and other .
· FFS: The candidate values for .
· Alt4. is gNB-configured via higher-layer (RRC) signaling and the relative value(s) of  are reported by the UE 
· The relative value(s) of  are reported by the UE, such that .
· TBD: Whether the value(s) of  are reported implicitly or explicitly, and whether some value(s) don’t need to be reported.
· FFS: The candidate values for.

Regarding the down-selection, we prefer Alt2 or Alt4. The reason is that alternatives Alt1 and Alt3 only consider the network’s point of view. By contrast, Alt2 and Alt4 also consider the point of view of the UE. Since the UE possesses a more detailed knowledge of the propagation channel, it follows that Alt2 and Alt4 ought to have more potential for PMI signaling overhead savings. 
Observation 1. [bookmark: _Ref118716144] With Alt2 and Alt4, the UE can leverage its more detailed knowledge of the downlink propagation channel. Hence, alternatives Alt2 and Alt4 have more potential for saving PMI signaling overhead compared to Alt1 and Alt3.
Proposal 1. [bookmark: _Ref118716196] For the down-selection of the parameter  for Type-II codebook refinement for CJT mTRP, Alt2 and Alt4 should be preferred due to the greater potential for saving PMI signaling overhead compared to Alt1 and Alt3.

The difference between Alt2 and Alt4 is in the parameters  (Alt2) and  (Alt4). Moreover, Alt4 encompasses Alt2: In fact, Alt2 can be seen as a special cases of Alt4 with  and the constraint  being tight, i.e., . Therefore, it follows that Alt4 offers more degrees of freedom to the UE since the UE can aim for the constraint , thus saving computational resources, or , thus expanding the search space.
Observation 2. [bookmark: _Ref118716168] Alt4 offers more degrees of freedom to the UE than Alt2. In particular, the UE can strike a tradeoff between the size of the search spaces and the computational resources needed for the search.

CSI enhancements for high/medium UE velocities
An issue to discuss is the down selection of the bitmap for indicating the location of the NZCs:
Agreement: For the Type-II codebook refinement for high/medium velocities, down-select from the following alternatives: 
· Alt1.  different 2-dimensional bitmaps are introduced for indicating the location of the NZCs, where the th () 2-dimensional bitmap corresponds to th selected DD basis vector.
· The number of selected DD basis vectors is denoted as .
· This implies that for each layer, the location of NZCs in SD-FD can be different for different selected DD basis vectors.
· Alt2. A DD-basis-common per-layer 2-dimensional bitmap for indicating the location of NZCs used in Rel-16/17 Type-II is used.
· This implies that for each layer, the location of NZCs in SD-FD is common across all the  selected DD basis vectors.
FFS: Further overhead reduction on bitmap(s).
FFS: Whether the number of NZCs is upper bounded across all DD basis vectors or per DD basis vector.

The down selection of the bitmap should be made based on simulation results by companies. To keep the size of PMI reports manageable, Alt2 should be preferred. Alt1 should only be adopted if it performs significantly better than Alt2.
Proposal 2. [bookmark: _Ref118716215] To keep the size of PMI reports manageable, Alt2 is preferred, i.e., a DD-basis-common per-layer 2-dimensional bitmap for indicating the location of NZCs. Alt1 should only be adopted if it demonstrates significant performance advantages over Alt2.

[bookmark: _Hlk47387515]Conclusions
We made the following observations and proposals:
Observation 1. With Alt2 and Alt4, the UE can leverage its more detailed knowledge of the downlink propagation channel. Hence, alternatives Alt2 and Alt4 have more potential for saving PMI signaling overhead compared to Alt1 and Alt3.
Observation 2. Alt4 offers more degrees of freedom to the UE than Alt2. In particular, the UE can strike a tradeoff between the size of the search spaces and the computational resources needed for the search.

Proposal 1. For the down-selection of the parameter  for Type-II codebook refinement for CJT mTRP, Alt2 and Alt4 should be preferred due to the greater potential for saving PMI signaling overhead compared to Alt1 and Alt3.
Proposal 2. To keep the size of PMI reports manageable, Alt2 is preferred, i.e., a DD-basis-common per-layer 2-dimensional bitmap for indicating the location of NZCs. Alt1 should only be adopted if it demonstrates significant performance advantages over Alt2.
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