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Introduction
During RAN1#112bis-e meeting, RAN1 reached the following agreements [1]–[5]:
Agreements on Type-II codebook refinement for CJT mTRP
Agreement: On the Parameter Combination of Type-II codebook refinement for CJT mTRP, only the following linkages are supported (marked ‘x’), for Rel-16 eType-II based:
· For , 	fully reuse seven out of the eight Parameter Combinations from Rel-16 eType-II as indicated in the table below.
· FFS (by RAN1#112bis-e): whether to add one more Parameter Combination for  based on the legacy Rel-16 eType-II FD combo  or the agreed FD combo , or not to add from the indicated seven below.
· For , only the following linkages are supported (marked ‘x’).
· Note: Configured linkage(s) are associated with the configured value of , regardless whether the dynamic TRP selection (the dynamic change of  given ) is configured. Also, the configured linkage(s) are valid for any dynamically selected SD basis and/or any dynamically selected CSI-RS resource (TRP).
· FFS: UE feature/capability to support only a subset of linkages.
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Conclusion: On the Type-II codebook refinement for CJT mTRP, for Rel-16-based refinement, for , in addition to the supported SD combinations/permutations, there is no consensus on supporting at least one additional combination where at least one of the  values () is 6.
Agreement: On the Parameter Combination of Type-II codebook refinement for CJT mTRP, for Rel-17 FeType-II based,
· For , the Rel-17 legacy Parameter Combination is fully reused.
· Regarding the combinations , it is proposed to reuse the legacy as below, with restriction on .
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·  combinations for  are derived from the  combinations for Rel-16-based refinement, where each entry in the combination is the nearest value of  to , .
· Note: no other dependency of combinations is introduced, such as dependency on .
· FFS: pruning on combinations.
Agreement: On the Parameter Combination of Type-II codebook refinement for CJT mTRP, for Rel-17 FeType-II based, only the following  combinations are supported (after pruning):  
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Conclusion: On the Parameter Combination of Type-II codebook refinement for CJT mTRP, for Rel-17 FeType-II based, there is no consensus on introducing restriction “” for . 
Agreement: On the Parameter Combination of Type-II codebook refinement for CJT mTRP, for , in addition to the already agreed seven Parameter Combinations, support the following Parameter Combination (based on legacy Parameter Combination #6): .
Conclusion: On the Parameter Combination of Type-II codebook refinement for CJT mTRP, no additional configuration signalling for indicating the linkage is needed. Per previous agreements (RAN1#111 and 112):
· “The single value of  is gNB-configured via higher-layer (RRC) signalling.”
· “The set of  combinations of values for  is gNB-configured via higher-layer (RRC) signalling.”
Such configuration shall be according to the supported/agreed linkages.
Agreement: On the Type-II codebook refinement for CJT mTRP, for mode-1, support 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, i.e., (example formulation)  where: 
·  is commonly selected across  CSI-RS resources,
·  is the layer-common FD basis selection offset for CSI-RS resource  relative to a layer-common reference CSI-RS resource  with .
· Therefore,  FD basis selection offset values  are reported
· Basic feature: .
· Optional feature: .
FFS: UCI design details, details on .
[bookmark: _Hlk135031213]Agreement: On the Type-II codebook refinement for CJT mTRP, for mode-1, the layer-common reference CSI-RS resource  is fixed to the first of the  selected CSI-RS resource(s).
· FFS: Whether more refined definition is needed for “the first”, e.g. related to the ordering of CSI-RS resources in the resource set, depending on RAN2 outcome.
Agreement: On the Type-II codebook refinement for CJT mTRP, regarding CBSR, amplitude restriction is CSI-RS-resource-specific.
· FFS: Whether CBSR is always configured for each CSI-RS resource or not.
Agreement: On the Type-II codebook refinement for CJT mTRP, regarding CBSR, one of the  configured CSI-RS resources must be configured with CBSR, while the remaining () configured CSI-RS resources can be optionally configured with CBSR.
· Note: if CBSR of one particular resource is absent, it means no restriction for SD basis selection for the resource.
Conclusion: On the Type-II codebook refinement for CJT mTRP, regarding CBSR for , there is no consensus in supporting the additional optional soft amplitude restriction. Therefore, only hard amplitude restriction (per CSI-RS resource, based on the legacy design) is supported.
Conclusion: On the Type-II codebook refinement for CJT mTRP, regarding CBSR for , there is no consensus in supporting the additional optional soft amplitude restriction. Therefore, only hard amplitude restriction (per CSI-RS resource, based on the legacy design) is supported.
Agreement: On the Type-II codebook refinement for CJT mTRP, regarding UCI omission, support reusing the legacy UCI omission mechanism while (Alt3) replacing 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 UCI omission, reuse the Rel-16 eType-II (legacy) permutation function .
Agreement: For the Rel-18 Type-II codebook refinement for CJT mTRP,
· For Rel-16 eType-II-based: 
·  where  represent the indices of the  selected CSI-RS resources (out of the  configured CSI-RS resources).
· The payload of  is determined by  where the maximum is taken over the  configured  combinations.
· For Rel-17 FeType-II-based:  
·  where  represent the indices of the  selected CSI-RS resources (out of the  configured CSI-RS resources).
· The payload of  is determined by  where the maximum is taken over the  configured  combinations.
· Note: .
Agreement: For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding CSI calculation and measurement, 
· For the configured  CSI-RS resources comprising the CMR, the restriction specified for Rel-17 NCJT CSI is fully reused, i.e. the configured  CSI-RS resources are located either in the same slot or two consecutive slots.
· On PDSCH EPRE assumption for CQI calculation, down-select between the two alternatives: 
· Alt1. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows the configured powerControlOffset value associated with its respective CSI-RS resource.
· Alt2. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows a commonly configured powerControlOffset value for all the  selected CSI-RS resources.
· Alt3. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows a commonly configured powerControlOffset value defined as averagePDSCH-to-averageCSIRS EPRE ratio, where averagePDSCH and averageCSIRS are average power across for all the  selected CSI-RS resources.
· Alt4. The UE can assume that the PDSCH EPRE divided by  for a given CSI-RS port follows a commonly configured powerControlOffset value for all the  selected CSI-RS resources.
· Alt 5: The UE can assume that the PDSCH EPRE for a given CSI-RS port follows the powerControlOffset value for one of the configured NTRP CSI-RS resources.
· Note: In legacy specification, different CSI-RS resources can be configured with different powerControlOffset values. 
· Decide, in RAN1#113, whether an ordering of CSI-RS port indices (e.g. according to the CSI-RS resource ID in TS38.331) for CSI calculation needs to be specified or not.
Note: The total number of CSI-RS ports summed across  selected (out of the configured ) CSI-RS resources will be used in the TS38.214 equation for CSI calculation.
Agreement: On the Type-II codebook refinement for CJT mTRP, regarding the required number of CPUs and the values of /, decide, in RAN1#113, at least based on the following factors: 
· The potential increase in the total number of CSI-RS ports due to the selection/configuration of  CSI-RS resources for Type-II CSI.
· The support for dynamic TRP selection, wherein  CSI-RS resources are selected out of the configured  CSI-RS resources.
· Note: The fall-back of gNB configuring  via RRC signalling is supported.
· The support for dynamic  selection, wherein  out of   combinations is selected.
· Note: The fall-back of gNB configuring  is supported.
Conclusion: For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding the supported values of , there is no consensus in adding new value(s) (e.g. ) to, or removing any value from the agreed .
Conclusion: On the Type-II codebook refinement for CJT mTRP, regarding the codebook parameter , there is no consensus on supporting .
Conclusion: For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding interference measurement, beyond that supported in legacy specification, there is no consensus on supporting any additional enhancement on IMR (including the configuration for NZP CSI-RS for interference measurement or CSI-IM in relation to the configured CMR(s)).
· Note: This implies that only one NZP CSI-RS resource for interference measurement or only one CSI-IM resource can be configured irrespective of the value of .
Conclusion: On the Type-II codebook refinement for CJT mTRP, the lists of UCI parameters (along with the description of each parameter) are given in Table 1C, 1D, and 1E.
· Note: The manner in which the UCI parameters are captured is up to the spec editors.
Table 1C: UCI parameter list for Rel-16 based.
	Parameter
	UCI
	Details/description
	Status

	# NZ coefficients
	Part 1
	 () and  (the total number of non-zero coefficients summed across all the layers and all  CSI-RS resources, where  are reported in UCI part 1 
	Complete

	Wideband CQI
	Part 1
	Same as R15
	Complete

	Subband CQI
	Part 1
	Same as R15
	Complete

	CSI-RS resource selection bitmap
	Part 1
	Only reported when : 
-bit bitmap to indicate the UE recommendation of  CSI-RS resources.
· Non-existent if the value of  is RRC-configured to .
	Complete

	Indication of number of SD basis vectors 
	Part 1
	UE recommendation selecting one of the  RRC-configured value combinations (-bit indicator)
· Non-existent if 
	Complete

	 Bitmap(s) per layer
	Part 2
	For 1–4 for  layer  and CSI-RS resource , size-
 where  denotes the -th CSI-RS resource.
	Complete

	Strongest coefficient indicator (SCI)
	Part 2
	: A -bit indicator for the strongest coefficient index .
: See Table 1E below.
	Complete

	SD basis subset selection indicator for each of the  CSI-RS resources
	Part 2
	SD basis subset selection indicator is a -bit indicator for . Details follow Rel.15
	Complete

	FD basis subset selection indicator
	Part 2
	Mode-1: See Table “SCI and FD basis subset selection indicator“ below + () FD basis selection window offset values  (basic) or (optional), .
Mode-2: See Table 1E “SCI and FD basis subset selection indicator“ below.
	Mode-1 complete
Mode-2 complete

	LC coefficients: phase
	Part 2
	Quantized independently across layers.
	Complete

	LC coefficients: amplitude
	Part 2
	Alt1 (agreed): Quantized independently across layers (including a reference amplitude for weaker polarization, for each layer).
Alt3 (WA): Quantized independently across layers (including  reference amplitudes for  (polarization, CSI-RS resource) pairs excluding the pair of (polarization, CSI-RS resource) associated with the SCI, for each layer).
	WA on Alt3 support needs to be confirmed or reverted.

	SD oversampling (rotation) factor  
	Part 2
	Values of  follow Rel.15, reported per CSI RS resource.
	Complete



Table 1D: UCI parameter list for Rel-17 based.
	Parameter
	UCI
	Details/description
	Status

	# NZ coefficients
	Part 1
	 () and  (the total number of non-zero coefficients summed across all the layers and all  CSI-RS resources, where  are reported in UCI part 1.
	Complete

	Wideband CQI
	Part 1
	Same as R15.
	Complete

	Subband CQI
	Part 1
	Same as R15.
	Complete

	CSI-RS resource selection bitmap
	Part 1
	-bit bitmap to indicate the UE recommendation of  CSI-RS resources
· Non-existent if the value of  is RRC-configured to .
	Complete

	Indication of number of selected ports , where 
	Part 1
	UE recommendation selecting one of the  RRC-configured value combinations (-bit indicator)
· Non-existent if 
	Complete

	 Bitmap(s) per layer
	Part 2
	For layer  and CSI-RS resource , size-, or ( where ).
	Complete

	Strongest coefficient indicator (SCI)
	Part 2
	For layer : A -bit indicator for the strongest coefficient index.
	Complete

	Port selection indicator for each of the N CSI-RS resources
	Part 2
	Port selection indicator is a -bit indicator for , where . Details follow Rel.15.
	Complete

	FD basis subset selection indicator
	Part 2
	Mode-1: See Mode-2+ () FD basis selection window offset values  (basic) or (optional), .
Mode-2: a  bit indicator only if , where  is configured with the higher-layer parameter valueOfN, when .
	Mode-1 complete
Mode-2 complete

	LC coefficients: phase
	Part 2
	Quantized independently across layers 
	Complete

	LC coefficients: amplitude
	Part 2
	Alt1 (agreed): Quantized independently across layers (including a reference amplitude for weaker polarization, for each layer).
Alt3 (WA): Quantized independently across layers (including 2N-1 reference amplitudes for 2N-1 (polarization, CSI-RS resource) pairs excluding the pair of (polarization, CSI-RS resource) associated with the SCI, for each layer).
	WA on Alt3 support needs to be confirmed or reverted 



Table 1E: SCI and FD basis subset selection indicator for Rel-16-based Type-II CJT.
	SCI and FD basis subset selection indicator

	SCI for 
	Per-layer SCI defined across  CSI-RS resources, where  is a –bit () indicator. The location (index) of the strongest LC coefficient for layer  before index remapping is  , indicates, and  is not reported.

	Index remapping
	For layer , the index  of each nonzero LC coefficient  is remapped with respect to  to  such that . The FD basis index  associated to each nonzero LC coefficient  is remapped with respect to  to  such that . The sets  and  are reported.
Informative note (for the purpose of reference procedure):
The index  of nonzero LC coefficients is remapped as . The codebook index associated with nonzero LC coefficient index  is remapped as .

	Combinatorial indicator for 
	 bits.

	Combinatorial indicator for 
	 bits.

	
	Reported in UCI part 2, ,  bits.


(*) The red highlight parts are the new components in Rel-18.
Agreements on Type-II codebook refinement for high/medium velocities
Agreement: For the Type-II codebook refinement for high/medium velocities, when a UE is configured with  for CQI calculation and reporting, the 2nd CQI is located in UCI part 2.
Agreement: For the Type-II codebook refinement for high/medium velocities, when , if a UE supports  for CQI calculation, the value of  (either 1 or 2) is gNB-configured via higher-layer (RRC) signalling.
Agreement: For the Type-II codebook refinement for high/medium velocities, when a UE is configured with  for CQI calculation and reporting, the 2nd CQI includes 4-bit wideband CQI and 2-bit sub-bands CQIs calculated independently from the 1st CQI.
Agreement: For the Type-II codebook refinement for high/medium velocities, regarding the bitmap(s) for indicating the locations of the NZCs, 
· When the UE is configured with : for each layer, one 2-dimensional bitmap of size- reusing the legacy design is used.
· When the UE is configured with : for each layer,
· Basic feature: two 2-dimensional bitmaps, each of size- reusing the legacy design for each of the two selected DD basis vectors, are used.
· Optional feature, if the following down-selection succeeds: down-select from the following two alternatives in RAN#112bis-e: 
· 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’:  different bitmaps are supported for each layer, each of the  bitmaps corresponds to DD basis  or .
· For each polarization, each of the  bitmaps contains bits included in a set of SD basis and FD basis pairs , satisfying , where
· , .
·  is the SD basis indicated by SCI.
· Two polarizations have same set of  in the bitmap.
Conclusion: There is no consensus on the optional bitmap for .
Conclusion: For the Type-II codebook refinement for high/medium velocities based on Rel-16 eType-II regular codebook, at least the following Parameter Combinations are supported:
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


(*) Note: From legacy. For , the same restriction and UE optionality as legacy apply.
· Select at most 3 additional Parameter Combinations from the list below 
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


(*) Note: From legacy.
· FFS: UE feature/capability to support only a subset of Parameter Combinations.
Agreement: For the Type-II codebook refinement for high/medium velocities based on Rel-16 eType-II regular codebook, in addition to the already agreed six Parameter Combinations, the following three Parameter Combinations are supported:
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Agreement: On the Type-II codebook refinement for high/medium velocities, regarding UCI omission, support reusing the legacy UCI omission mechanism with (Alt3) the following priority function: , where .
· Note: This implies that DD basis is designated the least priority.
· FFS: Details on the location of the new UCI parameters in G0/1/2.
Agreement: On the Type-II codebook refinement for high/medium velocities, regarding UCI omission
· When  is configured, the 2nd TD CQI location reuses the legacy rule for the 2nd codeword CQI when , i.e. wideband CQI in G0, even-indexed sub-band CQIs in G1, odd-indexed sub-band CQIs in G2.
· FFS: When the configured value of  is , whether the DD basis selection indicator is placed in G0 or G1.
Agreement: On the Type-II codebook refinement for high/medium velocities, regarding UCI omission, when the configured value of  is , the DD basis selection indicator is placed in G1.
Conclusion: For the Type-II codebook refinement for high/medium velocities, there is no consensus on supporting the following additional features when the value of  is  (or configured to ):
·  TD CQIs. 
· Additional constraint on the value of : only  is allowed. 
Agreement: For the Type-II codebook refinement for high/medium velocities,
· For Rel-16 eType-II-based: .
· For Rel-17 FeType-II-based: .
· Note:  and .
Conclusion: For the Type-II codebook refinement for high/medium velocities, regarding SCI definition, there is no consensus on supporting the index remapping scheme analogous to that for FD basis for DD basis. Therefore,  is a –bit indicator where  and  is the number of DD basis vectors (1 or 2).
Conclusion: On the Type-II codebook refinement for high/medium velocity, regarding CBSR, there is no consensus in supporting the additional optional soft amplitude restriction. Therefore, only hard amplitude restriction (based on the legacy design) is supported.
Agreement: For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding CSI calculation and measurement, 
· The number of CSI-RS ports is the same for all the  configured CSI-RS resources comprising the CMR and the antenna ports for the same antenna port index across the  CSI-RS resources are the same.
· All the  configured CSI-RS resources comprising the CMR share the same BW and RE locations.
· For interference measurement, legacy specification is fully reused, including the configuration for NZP CSI-RS for interference measurement or CSI-IM in relation to the configured CMR, i.e., only one NZP CSI-RS resource for interference measurement or only one CSI-IM resource can be configured irrespective of the value of .
· On PDSCH EPRE assumption for CQI calculation, a same powerControlOffset value is assumed for all the  configured CSI-RS resources comprising the CMR
· Alt 1: The configured powerControlOffset value is the same for all the  configured CSI-RS resources comprising the CMR.
· Alt 2: The assumed PDSCH EPRE of all the  CSI-RS resources follows the configured powerControlOffset value of one fixed CSI-RS resource, e.g. the first one.
Note: This may imply that existing section 5.2.2.2.75 of TS38.214 can apply to Rel-18 Type-II Doppler codebook in terms of Rel-18 CMR (burst of CSI-RS resources) and Rel-18 CSI reference resource.
Agreement: For the Type-II codebook refinement for high/medium velocities, regarding the required number and/or occupation time of CPUs, the values of /, and total number active/simultaneous CSI-RS resource/ports, decide, in RAN1#113, at least based on the following factors: 
The measurement of  CSI-RS resources for Type-II CSI required to perform UE-side prediction, UE-side prediction based on multiple CSI-RS occasion(s) before CSI triggering (FFS whether to support), CSI-RS occasion(s) after CSI triggering and, when the configured  value is >1, DD compression (when the configured  value is >1).
Conclusion: On the Type-II codebook refinement for high/medium velocities, the lists of UCI parameters (along with the description of each parameter) are given in Table 3C, 3D, and 3E.
· Note: The manner in which the UCI parameters are captured is up to the spec editors.
Table 3C: UCI parameter list for Rel-16 based
	Parameter
	UCI
	Details/description
	Status

	# NZ coefficients
	Part 1
	 () and  (the total number of non-zero coefficients summed across all the  selected DD basis and across all the layers, are reported in UCI part 1. 
	Complete

	Wideband CQI
	Part 1
	Same as R15.
	Complete

	Subband CQI
	Part 1
	Same as R15.
	Complete 

	Wideband CQI for the second TD CQI
	Part 2
	Only applicable for  (same format as CQIs for 2CW when  in R15) 
	Complete

	Subband CQI for the second TD CQI
	Part 2
	Only applicable for  (same format as CQIs for 2CW when  in R15) 
	Complete

	 Bitmap(s) per layer
	Part 2
	 bitmaps where each bitmap has the same format/design as R16 eType-II.
	Complete 

	Strongest coefficient indicator (SCI)
	Part 2
	: A-bit indicator for the strongest coefficient index .
: See Table 3E below.
	Complete 

	SD basis subset selection indicator 
	Part 2
	SD basis subset selection indicator is a -bit indicator. Details follow Rel.15.
	Complete

	FD basis subset selection indicator
	Part 2
	Details follow Rel.16 (Table 3E above).
	Complete

	DD basis subset selection indicator (per layer)
	Part 2
	Reported only when  and : the selection of  out of  DD basis vectors is indicated by a -bit indicator.
	Complete

	LC coefficients: phase
	Part 2
	Quantized independently across layers.
	Complete

	LC coefficients: amplitude
	Part 2
	Quantized independently across layers (including a reference amplitude for weaker polarization, for each layer).
	Complete

	SD oversampling (rotation) factor 
	Part 2
	Values of  follow Rel.15.
	Complete



Table 3D: UCI parameter list for Rel-17 based
	Parameter
	UCI
	Details/description
	Status

	# NZ coefficients
	Part 1
	 () and  (the total number of non-zero coefficients summed across all the layers, are reported in UCI part 1.
	Complete

	Wideband CQI
	Part 1
	Same as R15.
	Complete

	Subband CQI
	Part 1
	Same as R15 (only  TD CQI is supported).
	Complete

	Bitmap per layer
	Part 2
	Same as R17 eType-II.
	Complete

	Strongest coefficient indicator (SCI)
	Part 2
	For layer : A -bit indicator for the strongest coefficient index.
	Complete

	Port selection indicator 
	Part 2
	Port selection indicator is a -bit indicator. Where , Details follow Rel.17.
	Complete

	FD basis subset selection indicator
	Part 2
	a  bit indicator only if , where  is configured with the higher-layer parameter valueOfN, when .
	Complete

	LC coefficients: phase
	Part 2
	Quantized independently across layers.
	Complete

	LC coefficients: amplitude
	Part 2
	Quantized independently across layers (including a reference amplitude for weaker polarization, for each layer).
	Complete



Table 3E: SCI and FD basis subset selection indicator for Rel-16-based Type-II Doppler
	SCI and FD basis subset selection indicator

	SCI for 
	Per-layer SCI defined across Q DD basis vectors, where  is a –bit () indicator. The location (index) of the strongest LC coefficient for layer  before index remapping is  ,   indicates  and  is not reported.

	Index remapping
	For layer , the index  of each nonzero LC coefficient  is remapped with respect to  to  such that . The FD basis index  associated to each nonzero LC coefficient  is remapped with respect to  to  such that . The sets  and  are reported.
Informative note (for the purpose of reference procedure):
The index  of nonzero LC coefficients is remapped as . The codebook index associated with nonzero LC coefficient index  is remapped as . 

	Combinatorial indicator for 
	 bits. 

	Combinatorial indicator for 
	 bits. 

	
	Reported in UCI part 2, ,  bits.


(*) The red highlighted parts are the new components in Rel-18.
Agreements on TRP-based TDCP reporting
Agreement: For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, 
· At least the following size- quantization alphabet is supported:  where .
· TBD: supported value(s) of  (e.g.  or a larger value), , s (e.g. , …), whether a center threshold is also supported (and if so, higher-layer configured).
· FFS: Whether different schemes can be supported for different use cases.
Agreement: For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, down-select (by RAN1#113) from the following candidates:
· Alt1:  where 
· Alt2:  where .
· Alt3:  where . 
· Alt4:  (i.e., 7-15) where . 
· Alt4A:  (i.e., 8, 8.5,…,15.5) where .
Once an alternative is selected, reducing the number of candidate values for  is not precluded. 
Companies can simulate each alternative with and without a configurable center threshold.
Agreement: For the Rel-18 TRS-based TDCP reporting, regarding phase quantization, down-select (by RAN1#113) from the following candidates:
· Alt1. 1-bit (early vs. late) phase indicator. 
· Alt2. 3-bit (8-PSK) uniform quantization.
· Alt3. 4-bit (16-PSK) uniform quantization (full reuse of Rel-16 eType-II W2 phase quantization).
· Alt4. Adaptive/gNB-configurable phase quantizer e.g. , where
· : legacy (Rel.16) based
· Linear: legacy -PSK.
· Exponential: legacy Rel.16 amplitude,  or .
·  a slope value from  depending on the amplitude ) of the 1st correlation (smallest delay), e.g. the slope decreases towards 0 as  increases towards 1.
· .
· Alt5. A given correlation phase value  is quantized to  based on the following alphabet (where  denotes delay): .
· Alt6. A given correlation phase value  is quantized to   based on the following alphabet (where D denotes delay and  denotes amplitude quantization values used for Rel-16 e-TypeII codebook and ): 
· Mode 1: ,     
· Mode 2: .
· The quantization mode is selected by UE and reported to gNB.
· Alt7. A given correlation phase value  is quantized to  based on the following alphabet: , with , . TBD value(s) of .
The evaluation should consider the impact of delay tracking operation at the UE where the phase difference between two slots can be close to zero.
Note: This proposal doesn’t preclude the UE supporting only smaller delay values (e.g. 4-symbol only) for the phase report (which is already optional).
Agreement: For the Rel-18 TRS-based TDCP reporting, regarding the value of parameter  for , the value of  is gNB-configured via higher-layer (RRC) signalling.
Agreement: For the Rel-18 TRS-based TDCP reporting, regarding the value of parameter , in addition to , support .
· FFS: Whether  is also supported. 
Agreement: For the Rel-18 TRS-based TDCP reporting,
· Support the following  (delay) values: 4 symbols, 1 slot, 2 slots, 3 slots, 4 slots, 5 slots.
· Working assumption: Support the following  (delay) values in a separate UE Feature Group: 6 slots, 10 slots.
· FFS: The value of 
FFS: Applicability of each  value candidate for different SCS values and/or other parameters (e.g., , quantization).
Agreement: For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, confirm the following working assumption as an agreement with the following change:
·  TRS resource set(s) can be configured in the CSI reporting setting when ReportQuantity is ‘tdcp.’
· Note: the TRS resource set(s) configured for TDCP report do not impact or impose any new requirements on the UE behavior when processing TRS used as QCL type A/D source for reception of PDxCH.
· No further spec enhancement on TRS is supported.
· [All the TRS resources in the configured resource set(s) share the same RE locations].
· FFS: Whether to add further restrictions on the TRS resource set(s) on, e.g., QCL relationship, power control, [RE location], slot offset between TRS resource set(s), relation with resource set used for legacy usage.
Agreement: For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, at least the following restrictions are supported:
· When all the configured  resource sets are periodic, the UE can assume that all the resource sets share a same QCL-Type-A/C and, if applicable, Type-D source.
· If the joint use of P- and AP-TRS resource sets is supported for TDCP measurement and calculation, when one of the  configured resource sets is aperiodic, the UE can assume that the aperiodic resource set is configured with QCL-Type-A and, if applicable, Type-D source with the resources of the one of the () periodic TRS resource sets.
· Note: Following the legacy specification, no more than  of the  resource sets is aperiodic. 
· TBD (RAN1#113): whether the joint use of P- and AP-TRS resource sets is supported for TDCP measurement and calculation or not. 
· [bookmark: _Hlk133320860]FFS: whether the UE shall assume the same antenna port for the CSI-RS resources in all the resource sets.
Conclusion: For the Rel-18 TRS-based TDCP reporting, there is no consensus on specifying a new priority rule. Therefore, the priority of the CSI report(s) associated with TDCP reporting is the same as CSI report(s) not carrying L1-RSRP or L1-SINR.
This contribution provides our views on 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 PDSCH EPRE assumption for CQI calculation: Agreement: For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding CSI calculation and measurement, 
· For the configured  CSI-RS resources comprising the CMR, the restriction specified for Rel-17 NCJT CSI is fully reused, i.e. the configured  CSI-RS resources are located either in the same slot or two consecutive slots.
· On PDSCH EPRE assumption for CQI calculation, down-select between the two alternatives: 
· Alt1. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows the configured powerControlOffset value associated with its respective CSI-RS resource.
· Alt2. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows a commonly configured powerControlOffset value for all the  selected CSI-RS resources.
· Alt3. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows a commonly configured powerControlOffset value defined as averagePDSCH-to-averageCSIRS EPRE ratio, where averagePDSCH and averageCSIRS are average power across for all the  selected CSI-RS resources.
· Alt4. The UE can assume that the PDSCH EPRE divided by  for a given CSI-RS port follows a commonly configured powerControlOffset value for all the  selected CSI-RS resources.
· Alt 5: The UE can assume that the PDSCH EPRE for a given CSI-RS port follows the powerControlOffset value for one of the configured NTRP CSI-RS resources.
· Note: In legacy specification, different CSI-RS resources can be configured with different powerControlOffset values. 
· Decide, in RAN1#113, whether an ordering of CSI-RS port indices (e.g. according to the CSI-RS resource ID in TS38.331) for CSI calculation needs to be specified or not.
Note: The total number of CSI-RS ports summed across  selected (out of the configured ) CSI-RS resources will be used in the TS38.214 equation for CSI calculation.


We have the following comments:
· Alt1 and Alt2 seem relatively well-suited for the task at hand. With Alt2, the UE may assume that the PDSCH EPRE to NZP CSI-RS EPRE ratios for all the  selected TRPs are the same, i.e., . On the other hand, Alt1 allows the ratios  to take on different values, which provides additional flexibility to the network. This flexibility can be advantageous, for example, when the network must coordinate TRPs with non-homogeneous capabilities, e.g., with different sets of possible -ratio values. We note that Alt1 does not pose additional difficulties compared to Alt2 so long as theratios are considered for CQI and PMI calculation.
Observation 1.  Alt1 and Alt2 are suitable assumptions on PDSCH EPRE assumption for CQI calculation, but Alt1 provides additional flexibility to the network at no cost.
In some sense, Alt1 is simpler than Alt2. The latter assumes that the UE knows how to select the “commonly configured powerControlOffset.” This selection, however, carries some ambiguity. For example, some interpretations may dictate that the powerControloffset is obtained from the first of the  selected CSI-RS resource(s) for some pre-agreed ordering. If the network assigns different powerControlOffset values to the  configured CSI-RS resource(s), different TRP selections by the UE may lead to different PDSCH EPRE to NZP CSI-RS EPRE ratio hypotheses. This is undesirable: The thus-obtained ratio is just a result of the pre-agreed ordering; other orderings may lead to different ratios, for the same selection of  CSI-RS resources.
· Regarding Alt3, it is unclear how to compute the averagePDSCH-to-averageCSIRS EPRE ratio. For this, on would need to assume an EPRE ratio for each of the  selected CSI-RS resources, but that is what one wants to compute. Or is Alt3 merely explaining the meaning of the “commonly configured powerControlOffset” of Alt2? If so, Alt3 is identical to Alt2 and therefore not needed.
· Alt4 is the same as Alt2, except for the wording “divided by N,” which seems to suggest that the PDSCH EPRE itself for a given CSI-RS port increases with the number  of selected CSI-RS resource(s). But why should the PDSCH EPRE for a given CSI-RS port do that?—In our understanding, it is the aggregated PDSCH EPRE that increases with .
· Finally, Alt5 is ambiguous concerning the definition of the CSI-RS that determines the value of powerControlOffset. As discussed above for Alt2, this may lead some undesirable interpretations.
Based on the above, we make the following proposal:
Proposal 1.  On PDSCH EPRE assumption for CQI calculation, prefer Alt1 due to clarity and increased flexibility at no cost. Alt2 is also okay, although one might need to specify how to obtain “a commonly configured powerControlOffset value.”

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 phase quantization alternatives:
Agreement: For the Rel-18 TRS-based TDCP reporting, regarding phase quantization, down-select (by RAN1#113) from the following candidates:
· Alt1. 1-bit (early vs. late) phase indicator. 
· Alt2. 3-bit (8-PSK) uniform quantization.
· Alt3. 4-bit (16-PSK) uniform quantization (full reuse of Rel-16 eType-II W2 phase quantization).
· Alt4. Adaptive/gNB-configurable phase quantizer e.g. , where
· : legacy (Rel.16) based
· Linear: legacy -PSK.
· Exponential: legacy Rel.16 amplitude,  or .
·  a slope value from  depending on the amplitude ) of the 1st correlation (smallest delay), e.g. the slope decreases towards 0 as  increases towards 1.
· .
· Alt5. A given correlation phase value  is quantized to  based on the following alphabet (where  denotes delay): .
· Alt6. A given correlation phase value  is quantized to   based on the following alphabet (where D denotes delay and  denotes amplitude quantization values used for Rel-16 e-TypeII codebook and ): 
· Mode 1: ,     
· Mode 2: .
· The quantization mode is selected by UE and reported to gNB.
· Alt7. A given correlation phase value  is quantized to  based on the following alphabet: , with , . TBD value(s) of .
The evaluation should consider the impact of delay tracking operation at the UE where the phase difference between two slots can be close to zero.
Note: This proposal doesn’t preclude the UE supporting only smaller delay values (e.g. 4-symbol only) for the phase report (which is already optional).

Our view on this issue is that Alt5, Alt6, and Alt7 over-optimize, introducing overly complicated phase quantization methods—exponential or quadratic. On the other hand, Alt2 and Alt3 propose simple, uniform methods close to legacy phase quantization. 
Observation 2.  Compared to other alternatives, Alt2 and Alt3 appear simpler and closer to legacy phase quantization.

One is reminded that due to “the impact of delay tracking operation at the UE,” “the phase difference between two slots can be close to zero.” Nonetheless, delay compensation is imperfect, and residual phase offsets between slots exist. Thus, unless residual phase offsets are always kept around zero, the proposed non-uniform phase quantization techniques may “zoom” into the wrong phase range, thereby losing accuracy. In this sense, uniform phase quantization, i.e., Alt2 and Alt3, may offer better performance.
Observation 3.  In the face of residual phase offsets due to imperfect delay compensation, uniform phase quantization methods may perform better than non-uniform methods. 
Proposal 2. [bookmark: _Ref101899917] For phase quantization for Rel-18 TRS-based TDCP reporting, prefer Alt2 or Alt3 due to simplicity and similarity with legacy phase quantization. Moreover, Alt2 and Alt3 may be more robust to residual phase offsets arising from imperfect delay compensation.
[bookmark: _Hlk47387515]Conclusions
We made the following observations and proposals:
Observation 1.  Alt1 and Alt2 are suitable assumptions on PDSCH EPRE assumption for CQI calculation, but Alt1 provides additional flexibility to the network at no cost.
Observation 2.  Compared to other alternatives, Alt2 and Alt3 appear simpler and closer to legacy phase quantization.
Observation 3.  In the face of residual phase offsets due to imperfect delay compensation, uniform phase quantization methods may perform better than non-uniform methods.

Proposal 1.  On PDSCH EPRE assumption for CQI calculation, prefer Alt1 due to clarity and increased flexibility at no cost. Alt2 is also okay, although one might need to specify how to obtain “a commonly configured powerControlOffset value.”
Proposal 2.  For phase quantization for Rel-18 TRS-based TDCP reporting, prefer Alt2 or Alt3 due to simplicity and similarity with legacy phase quantization. Moreover, Alt2 and Alt3 may be more robust to residual phase offsets arising from imperfect delay compensation.
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