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Introduction
During RAN1#112 meeting, RAN1 reached the following agreements [1]–[7]:
Agreements on Type-II codebook refinement for CJT mTRP
Conclusion: On the Parameter Combination of Type-II codebook refinement for CJT mTRP, there is no consensus on adding a new (not previously agreed) codebook parameter, as well as replacing the legacy parameter  with a new (not previously agreed) parameter.
· Note: Since dynamic  selection was agreed, this implies that the list of supported  combinations will be discussed separately from the list of supported  combinations.
· FFS: Whether/how the list of supported  combinations can be linked with the list of supported  combinations without introducing a new (not previously agreed) codebook parameter, e.g., via some UE capability.

Agreement: On the Parameter Combination of Type-II codebook refinement for CJT mTRP, support linkage between the list of supported  combinations and list of supported  combinations via pairing each combination for  with at least one combination for , for each  value.
· FFS (by RAN1#112bis-e): The exact list of supported pairs/linkage, or restriction of  when paired to each of .
· FFS (by RAN1#112bis-e): Whether/How to support configuration signaling for indicating the linkage.
· Note: While no additional codebook parameter will be introduced, the total number of SD basis vectors across CSI-RS resources can still be used as a criterion for choosing the supported pairs/linkage.

Agreement: On the Type-II codebook refinement for CJT mTRP, only support  as additional candidate values to .
· FFS: Additional restriction(s) depending on the configured value for .

Agreement: On the Type-II codebook refinement for CJT mTRP, for Rel-16-based refinement, support at least the following combinations of  for the higher-layer-configured value of  (FFS by RAN1#112: whether the bracketed permutations are also supported):
· FFS by RAN1#112: whether other combinations can be supported.
FFS (by RAN1#112bis-e): Whether/how the supported combinations of  for Rel-17-based refinement are derived from the supported combinations of  for Rel-16-based refinement.
FFS: Whether the total number of  is a UE capability.
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	[bookmark: _Hlk128062270]1
	{2}

	
	{4}

	
	{6} (analogous to legacy, only for total # ports =32, rank 1-2, R=1

	2
	{2,2}

	
	{2,4}, [{4,2}]

	
	{4,4}

	3
	{2,2,2}

	
	{2,2,4} [and its other permutations]

	
	{4,4,4}

	4
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	{2,2,4,4} [and its other permutations]

	
	{4,4,4,4}



Agreement: On the Type-II codebook refinement for CJT mTRP, for Rel-16-based refinement, regarding the list of supported combinations of , only support the following additional combinations:
	
	 combination

	2
	{4,2}

	3
	{2,4,2}, {4,2,2}


No other permutations are supported.

Agreement: On the Type-II codebook refinement for CJT mTRP, for Rel-16-based refinement, support at least the following combinations of  from where the value of  is gNB-configured via higher-layer (RRC) signaling:
· FFS by RAN1#112: whether other combinations can be supported.
FFS (by RAN1#112bis-e): Whether/how the supported combinations of  for Rel-17-based refinement are derived from the supported combinations of  for Rel-16-based refinement.
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(*) Supported by legacy Rel-16 

Agreement: On the Type-II codebook refinement for CJT mTRP, regarding UCI omission, down-select between the following three alternatives (by RAN1#112-bis where  denotes the -th CSI-RS resource):
· Alt1. . 
· Note: This implies that CSI-RS resource is designated the highest priority.
· Alt2. .
· Note: This implies that CSI-RS resource is designated the lowest priority (after FD basis).
· Note:  denotes the max value of  from all selected  CSI-RS resources.
· FFS:  maps the index  according to a rule, e.g., , or if  corresponds to strongest TRP/SCI.
· Alt3. Replace SD basis index  in legacy Prio calculation with , i.e., SD basis index over all resources: .
· FFS: FD permutation  as Rel-16-analogous, or no permutation, i.e., .

Agreement: On the Type-II codebook refinement for CJT mTRP, regarding CBSR, at least for restricting SD basis selection, the legacy CBSR scheme is fully reused for each of the RRC-configured  CSI-RS resources (resulting in CSI-RS-resource-specific SD beam group restriction)
· FFS: Whether amplitude restriction is CSI-RS-resource-common or specific, and soft vs hard restriction.
· FFS: Whether CBSR can be configured to be off for a CSI-RS resource.
The same rank restriction is applied across  CSI-RS resources.

Agreement: On the Type-II codebook refinement for CJT mTRP,  for mode-1, down select (in RAN1#112) only one from the following schemes
· Alt1. The use of per-CSI-RS-resource FD basis selection offset (relative to a reference CSI-RS resource) for independent FD basis selection across  CSI-RS resources. 
· Example formulation:  where  is the FD basis selection offset for CSI-RS resource n relative to a reference CSI-RS resource  with , and  is commonly selected across  CSI-RS resources 
· Alt2.  independently selected across  CSI-RS resources (without any per-CSI-RS-resource FD basis selection offset).
For all the above alternatives, the legacy FD basis selection indication scheme is applied on each selected FD basis.
Note: Per previous agreements, the number of selected FD basis vectors ( or ) is gNB-configured via higher-layer signaling and common across the  CSI-RS resources.

Agreements on Type-II codebook refinement for high/medium velocities
Agreement: For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding the time instance and/or PMI(s) in which a CQI is associated with, given the CSI reporting window  (in slots), as well as the number of CQIs () in one sub-band and one CSI reporting instance, support only the following:
· Basic feature:  and the CQI is associated with the first/earliest slot of the CSI reporting window and the first/earliest of the  matrices.
· Optional features:
·  and the CQI is associated with:
· the first/earliest slot of the CSI reporting window (slot ) and the first/earliest of the  matrices, and 
· the last slot of the CSI reporting window (slot ) and the -th  matrix.
·  and
· the 1st CQI is associated with the first/earliest slot of the CSI reporting window (slot ) and the first/earliest of the  matrices, and 
· the 2nd CQI is associated with the middle slot of the CSI reporting window (slot ) and the ()-th  matrix.
· FFS: Whether/how to include CQI overhead reduction for .

Agreement: For the Rel-18 Type-II codebook refinement for high/medium velocities, on the  quantization scheme when , reuse the following components of the legacy per-coefficient quantization scheme: 
· Alphabets for amplitude and phase.
· Quantization of phase and quantization of differential amplitude relative to a reference, reference amplitude (with SCI determining the location of one reference amplitude), where the reference is defined for each layer and each “group” of coefficients.

Agreement: For the Rel-18 Type-II codebook refinement for high/medium velocities, on the  quantization scheme when , for each layer:
· One (common) SCI (Strongest Coefficient Indicator) applies across all  selected DD basis vectors.
· One group comprises one polarization across all  selected DD basis vectors ()
· For the amplitude group other than the group associated with the SCI, the reference amplitude is reported.

Conclusion: For the Type-II codebook refinement for high/medium velocities, for , regarding the parameter , there is no consensus in supporting additional candidate values.

Agreement: For the Type-II codebook refinement for high/medium velocities, regarding the parameter  (the number of AP-CSI-RS resources for the CMR), optionally support only  as an additional candidate value.

Agreement: For the Type-II codebook refinement for high/medium velocities, regarding the parameter  (in slots), in addition to  and ,  is additionally supported.

Conclusion: For the Type-II codebook refinement for high/medium velocities, regarding the parameter  (length of DFT vector, unit-less), there is no consensus in supporting additional candidate values.

Agreement: For the Type-II codebook refinement for high/medium velocities, regarding the parameter  (in slots), 
· for P/SP-CSI-RS, support  equal to the periodicity of the CSI-RS resource.
· for AP-CSI-RS, also support .

Conclusion: On the Parameter Combination of Type-II codebook refinement for high/medium velocities, there is no consensus on including another non-UCI Doppler codebook parameter as a variable in the list of supported Parameter Combinations.
· Note: This implies that other non-UCI Doppler codebook parameters will be a part of RRC configuration (either explicit or implicit).

Agreement: For the Type-II codebook refinement for high/medium velocities, 
· The constraint on the maximum number of non-zero coefficients (NZCs) per-layer () is defined jointly across all  DD basis vectors.
· FFS: How  is calculated.
· Also support a constraint on the total number of non-zero coefficients (NZCs) summed across all  DD basis vectors and across all layers:
· Following the legacy specification, the maximum total number is .

Agreement: For the Rel-18 Type-II codebook refinement for high/medium velocities, CQI is defined per legacy CQI definition (ensuring at most 10% BLER) within the slot(s) which a CQI is associated with.

Agreement: For the Type-II codebook refinement for high/medium velocities, for  and , the selection of  out of  DD basis vectors is indicated by a -bit indicator in CSI part 2.
· Analogous to FD basis selection, DD basis index 0 (representing DC) is always selected.

Agreement: On the Type-II codebook refinement for high/medium velocities based on Rel-16 regular eType-II codebook (if supported), for the purpose of choosing the supported Parameter Combinations 
· Regarding the codebook parameter , in addition to the supported values from the legacy specification, introduce as additional candidate values
·  for  (hence  for ).
·  for .
· Regarding the codebook parameter , in addition to the supported values from the legacy specification, introduce as an additional candidate value .
· Regarding the codebook parameter L, the supported values from the legacy specification apply.

Agreement: On the Type-II codebook refinement for high/medium velocities, regarding UCI omission, down-select between the following three alternatives (by RAN1#112bis-e where  denotes the -th DD basis vector):
· Alt1. .
· Note: This implies that DD basis is designated the highest priority.
· Alt2. .
· Note: This implies that DD basis is designated the lower priority (after FD basis).
· FFS:  maps the index  according to a rule.
· Alt3. . 
· Note: This implies that DD basis is designated the least priority.
· Alt4. .
· Note: This implies that DD basis is designated with lower priority (after SD basis) and higher priority (before FD basis).
· FFS:  maps the index  according to a rule.
FFS: FD permutation  as Rel-16-analogous, or no permutation, i.e., , .

Agreement: For the Type-II codebook refinement for high/medium velocities, regarding the bitmap(s) for indicating the locations of the NZCs, down-select one from the following alternatives (no later than RAN1#112bis-e): 
· Alt1.  different 2-dimensional bitmaps where each bitmap reuses the legacy design, i.e., the size of the bitmap for each selected DD basis vector is .
· Alt3A: A single 2-dimensional bitmap of size  to report the selected  pairs of FD basis vector and DD basis vector and a single 2-dimensional bitmap of size  for indicating the location of the NZCs, where each row corresponds to a selected SD basis vector and each column corresponds to one of the selected  pairs of FD basis vector and DD basis vector.
· Alt4. A bitmap that includes bits associated with the set of {(, ,)} with , where  is the threshold that can be configured by gNB,  ,  and  denotes a reference SD basis index and a reference FD basis index and a reference DD basis index associated with SCI, respectively.
Nokia/NSB, Samsung, vivo, and ZTE raised concerns that, in their understanding, Alt3A violates previous agreements for “Q different two-dimensional bitmaps” and/or common DD basis selection across SD/FD basis pairs and hence, to some extent, objective 1 of the WID.

Agreement: For the Type-II codebook refinement for high/medium velocities, regarding the down-selection of bitmap(s) for indicating the locations of the NZCs (in RAN1#112bis-e), the following is used as a guidance for evaluation: 
· Following the agreed EVM, use “UPT vs. overall overhead (including CQI and PMI)” to compare across alternatives, assuming at least FTP1 traffic model and Rel-16 Parameter Combinations (L, beta, pv)
· Use only the supported codebook parameter values (e.g., )
Companies are to state their assumptions on UE-side prediction (e.g., ideal or realistic, CSI-RS type, CSI-RS overhead calculation in relation to UPT, assumptions on  and ) and the use of rank adaptation.

Agreement: The Rel-18 Type-II codebook refinement for high/medium velocities comprises refinement of the following codebooks:
· Refinement of the Rel-16 eType-II regular codebook, with 
· Refinement of the Rel-17 FeType-II port selection (PS) codebook, based on the common design with the Refinement of the Rel-16 eType-II regular codebook, except for the supported set of parameter combinations, with 
Time-/Doppler-domain reciprocity is not assumed.

Agreements on TRP-based TDCP reporting
Agreement: For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, by RAN1#112bis-e, decide between the following alternatives:
· Alt1. Fully reuse legacy TRS.
· Alt2. Study enhancements on TRS (e.g., periodicities).
Note. If there is no consensus on Alt2, Alt1 is the default outcome.

Agreement: For aiding gNB determination of codebook switching and SRS periodicity with the Rel-18 TRS-based TDCP reporting, support reporting quantized wideband normalized amplitude/phase of the time-domain correlation profile with  delay(s) as follows:
· Basic feature:  with  symbols, only wideband quantized normalized amplitude is reported.
· FFS: Candidate values for delay.
· Optional feature:  with  symbols and , wideband quantized normalized amplitude and phase for each delay are reported.
· For , the phase can be configured to be absent for all the  delays.
· TBD: Whether the value of  is configurable or following the delays from the configured TRS resource.
· TBD: Candidate value(s) for .
· FFS: Value of .

Agreement: For the Rel-18 TRS-based TDCP reporting, the priority of the CSI report(s) associated with TDCP reporting is down-selected from the following alternatives:
· Alt1. Lower than other CSI reports.
· Alt2. Same as CSI report(s) not carrying L1-RSRP or L1-SINR.
· Alt3. Higher than other CSI reports.
· Other alternatives are not precluded.

Agreement: For the Rel-18 TRS-based TDCP reporting, regarding the value of parameter  for , down-select from the following alternatives:
· Alt1. The value of  is gNB-configured via higher-layer (RRC) signalling.
· Alt2. The value of  follows the delays from the configured TRS resource.
· Alt3. The value of  is UE-selected and reported.
The value of  is a UE capability.

Agreement: For the Rel-18 TRS-based TDCP reporting, support multiplexing TDCP reporting with other UCI parameters on PUSCH following the legacy UCI multiplexing rule for AP-CSI.

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)
An open issue is the selection of a transmission scheme for CJT mTRP’s mode 1: Agreement: On the Type-II codebook refinement for CJT mTRP, for mode-1, down select (in RAN1#112) only one from the following schemes
· Alt1. The use of per-CSI-RS-resource FD basis selection offset (relative to a reference CSI-RS resource) for independent FD basis selection across  CSI-RS resources. 
· Example formulation:  where  is the FD basis selection offset for CSI-RS resource n relative to a reference CSI-RS resource  with , and  is commonly selected across  CSI-RS resources 
· Alt2.  independently selected across  CSI-RS resources (without any per-CSI-RS-resource FD basis selection offset).
For all the above alternatives, the legacy FD basis selection indication scheme is applied on each selected FD basis.
Note: Per previous agreements, the number of selected FD basis vectors ( or ) is gNB-configured via higher-layer signaling and common across the  CSI-RS resources.


For CJT mTRP, one expects the UE to have direct line-of-sight (LOS) to at least  TRP. Often, the UE may have LOS conditions to more than one TRP, i.e., . Thus, the UE may decide to receive CJT transmissions from the  TRPs in line-of-sight. In fact, throughput improvements arising from additional TRPs in non-LOS may be rather small. LOS channels can be described in the frequency domain by a small number of FD basis vectors clustered around the LOS one. Therefore, Alt1, wherein a CSI-RS-dependent offset  is applied to a common basis , seems to constitute an efficient choice from the point of view of signaling overhead:  
Observation 1.  Alt1 provides a low signaling overhead option for CJT transmissions from  TRPs with direct line-of-sight to the UE. 

On the other hand, one also needs to consider the signaling overhead and computational complexity (at the UE) incurred by both Alt1 and Alt2 in scenarios of practical interest. It might be so that, in such scenarios, the overhead arising from adopting Alt2 is not much larger than that of Alt1. Moreover, since Alt2 allows more flexibility in the selection of the mTRP basis, one expects that Alt2 performs than Alt1, in general.
Observation 2.  On the other hand, Alt2 provides greater flexibility than Alt1, and its overhead does not need to be much larger.

Based on the above, we make the following proposal:
Proposal 1.  Prefer Alt1 unless shown that it performs poorly in scenarios of interest compared to Alt2 with similar overhead.

CSI enhancements for high/medium UE velocities
An issue to discuss is the down selection of the bitmap(s) for indicating the locations of the NZCs:
Agreement: For the Type-II codebook refinement for high/medium velocities, regarding the bitmap(s) for indicating the locations of the NZCs, down-select one from the following alternatives (no later than RAN1#112bis-e): 
· Alt1.  different 2-dimensional bitmaps where each bitmap reuses the legacy design, i.e., the size of the bitmap for each selected DD basis vector is .
· Alt3A. A single 2-dimensional bitmap of size  to report the selected  pairs of FD basis vector and DD basis vector and a single 2-dimensional bitmap of size  for indicating the location of the NZCs, where each row corresponds to a selected SD basis vector and each column corresponds to one of the selected  pairs of FD basis vector and DD basis vector.
· Alt4. A bitmap that includes bits associated with the set of {(, ,)} with , where  is the threshold that can be configured by gNB,  ,  and  denotes a reference SD basis index and a reference FD basis index and a reference DD basis index associated with SCI, respectively.
Nokia/NSB, Samsung, vivo, and ZTE raised concerns that, in their understanding, Alt3A violates previous agreements for “Q different two-dimensional bitmaps” and/or common DD basis selection across SD/FD basis pairs and hence, to some extent, objective 1 of the WID.

Due to its simplicity, our preference is Alt1. It also appears that since the NZCs of the Q selected DD basis vectors are uncoupled, Alt1 would be more efficient than Alt3A and Alt4 in the event of UCI omission. The reason is that bitmaps related to omitted DD basis vectors—in case DD basis vectors do not have the highest priority—can be dropped.
Observation 3.  Because bitmaps for different DD basis vectors are uncoupled and can be dropped independently, Alt1 may be advantageous compared to Alt3A and Alt4 in the face of UCI omissions.
Proposal 2.  Due to its simplicity and potential advantages in the event of UCI omissions, prefer Alt 1.

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 priority alternatives:
Agreement: For the Rel-18 TRS-based TDCP reporting, the priority of the CSI report(s) associated with TDCP reporting is down-selected from the following alternatives:
· Alt1. Lower than other CSI reports.
· Alt2. Same as CSI report(s) not carrying L1-RSRP or L1-SINR.
· Alt3. Higher than other CSI reports.
· Other alternatives are not precluded. 

[bookmark: _Ref101899917]Our view on this issue is that since codebook type (re)selection does not happen often and is not a time-critical event, it should be okay to send TRS-based TDCP reports with lower priority than other CSI reports. At least, TRS-based TDCP reports should not need to be sent with the highest priority.
Proposal 3.  Since codebook type (re)selections are not time-critical, TRS-based RDCP reports can be sent with lower priority than other CSI reports (Alt1) or with the same priority as CSI report(s) not carrying L1-RSRP or L1-SINR (Alt2).

Another issue to be discussed is who determines the value of the parameter  when .Agreement: For the Rel-18 TRS-based TDCP reporting, regarding the value of parameter  for , down-select from the following alternatives:
· Alt1. The value of  is gNB-configured via higher-layer (RRC) signalling.
· Alt2. The value of  follows the delays from the configured TRS resource.
· Alt3. The value of  is UE-selected and reported.
The value of  is a UE capability. 


Since it is the gNB that decides (re)selecting the codebook type, it seems reasonable that the gNB should also determine the value of the parameter  for , either directly (Alt1) or indirectly (Alt2).
Observation 4.  It seems reasonable that the gNB should determine the value of  for , either directly via RRC signaling (Alt1) or indirectly via the configured TRS resource (Alt2).

[bookmark: _Hlk47387515]Conclusions
We made the following observations and proposals:
Observation 1.  Alt1 provides a low signaling overhead option for CJT transmissions from  TRPs with direct line-of-sight to the UE.
Observation 2.  On the other hand, Alt2 provides greater flexibility than Alt1, and its overhead does not need to be much larger.
Observation 3.  Because bitmaps for different DD basis vectors are uncoupled and can be dropped independently, Alt1 may be advantageous compared to Alt3A and Alt4 in the face of UCI omissions.
Observation 4.  It seems reasonable that the gNB should determine the value of  for , either directly via RRC signaling (Alt1) or indirectly via the configured TRS resource (Alt2).

Proposal 1.  Prefer Alt1 unless shown that it performs poorly in scenarios of interest compared to Alt2 with similar overhead. 
Proposal 2.  Due to its simplicity and potential advantages in the event of UCI omissions, prefer Alt 1.
Proposal 3.  Since codebook type (re)selections are not time-critical, TRS-based RDCP reports can be sent with lower priority than other CSI reports (Alt1) or with the same priority as CSI report(s) not carrying L1-RSRP or L1-SINR (Alt2).
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