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Background
In RAN#94e, a new work item “MIMO Evolution for Downlink and Uplink” was approved, and the following objectives were agreed for unified TCI framework extension [1].
	1. [bookmark: _Hlk83924038]Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
· UE reporting of time-domain channel properties measured via CSI-RS for tracking
…
4. Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints that 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32


Discussions
2.1	CSI enhancement for CJT mTRP
At RAN1#112bis-e, the following agreements were made for Type II codebook refinements 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 NTRP =1, 
· 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 L=4 based on the legacy Rel-16 eType-II FD combo {½, ½, ¼, ¼; ½} or the agreed FD combo {½, ½, ½, ½; ½}, or not to add from the indicated seven below
· For NTRP >1, only the following linkages are supported (marked ‘x’)
· Note: Configured linkage(s) are associated with the configured value of NTRP, regardless whether the dynamic TRP selection (the dynamic change of N given NTRP) 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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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 

Conclusion 
On the Type-II codebook refinement for CJT mTRP, regarding CBSR for NTRP>1, 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, 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 N CSI-RS resources, i.e. (example formulation)  where: 
·  is commonly selected across N CSI-RS resources
·  is the layer-common FD basis selection offset for CSI-RS resource n relative to a layer-common reference CSI-RS resource  with  
· Therefore, (N – 1) FD basis selection offset values  are reported
· Basic feature: 
· Optional feature: 
· FFS: UCI design details, details on 

Agreement
On the Parameter Combination of Type-II codebook refinement for CJT mTRP, for Rel-17 FeType-II based, 
· For =1, the Rel-17 legacy Parameter Combination is fully reused
· Regarding the combinations {M, beta}, it is proposed to reuse the legacy as below, with restriction on M=2.
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· Alpha_n combinations for  are derived from the Ln combinations for Rel-16 based refinement, where each entry in the combination is the nearest value of min{1, 2Ln/Pcsi-rs} to {1/2, ¾, 1}, .
· Note: no other dependency of combinations is introduced, such as dependency on Pcsi-rs.
· FFS: pruning on combinations

Conclusion
On the Type-II codebook refinement for CJT mTRP, for Rel-16-based refinement, for NTRP>1, 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 Ln values (n=1, …, NTRP) is 6

Conclusion
On the Type-II codebook refinement for CJT mTRP, regarding CBSR for NTRP=1, 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 Parameter Combination of Type-II codebook refinement for CJT mTRP, for Rel-17 FeType-II based, only the following n combinations are supported (after pruning):  
	NTRP
	 combination

	2
	{1/2,1/2}

	
	{1/2,1}, {1,1/2}

	
	{3/4,3/4}

	
	{1,1}
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	{1/2, 1/2, 1/2, 1/2}

	
	{1/2, 1/2, 1/2, 1} and its permutations

	
	{1/2, 1/2, 1, 1}

	
	{1, 1, 1, 1}



Agreement
On the Type-II codebook refinement for CJT mTRP, regarding UCI omission, reuse the Rel-16 eType-II (legacy) permutation function P(m)

Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP,
1. For Rel-16 eType-II-based: 
0.  where  represents the indices of the N selected CSI-RS resources (out of the NTRP configured CSI-RS resources) 
0. The payload of  is determined by  where the maximum is taken over the NL configured {Ln} combinations 
1. For Rel-17 FeType-II-based:  
1.  where  represents the indices of the N selected CSI-RS resources (out of the NTRP configured CSI-RS resources)
1. The payload of  is determined by  where the maximum is taken over the NL configured {an} combinations 
1. Note: .

Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding CSI calculation and measurement, 
1. For the configured NTRP CSI-RS resources comprising the CMR, the restriction specified for Rel-17 NCJT CSI is fully reused, i.e. the configured NTRP CSI-RS resources are located either in the same slot or two consecutive slots
1. On PDSCH EPRE assumption for CQI calculation, down-select between the two alternatives: 
1. 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
1. Alt2. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows a commonly configured powerControlOffset value for all the N selected CSI-RS resources
1. 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 N selected CSI-RS resources 
1. Alt4. The UE can assume that the PDSCH EPRE divided by N for a given CSI-RS port follows a commonly configured powerControlOffset value for all the N selected CSI-RS resources
1. 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
1. Note: In legacy specification, different CSI-RS resources can be configured with different powerControlOffset values 
1. 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 N selected (out of the configured NTRP) 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 Z/Z’, decide, in RAN1#113, at least based on the following factors: 
1. The potential increase in the total number of CSI-RS ports due to the selection/configuration of N/ NTRP CSI-RS resources for Type-II CSI
1. The support for dynamic TRP selection, wherein N CSI-RS resources are selected out of the configured NTRP CSI-RS resources 
1. Note: The fall-back of gNB configuring N=NTRP via RRC signalling is supported
1. The support for dynamic {Ln} selection, wherein 1 out of NL {Ln} combinations is selected 
2. Note: The fall-back of gNB configuring NL=1 is supported

Conclusion 
For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding the supported values of NL, there is no consensus in adding new value(s) (e.g. NL=3) to, or removing any value from the agreed NL ={1,2,4}

Conclusion
On the Type-II codebook refinement for CJT mTRP, regarding the codebook parameter R, there is no consensus on supporting R=4

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)).
1. 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 NTRP

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
	RI ({1,…, RIMAX}) and KNZ,TOT (the total number of non-zero coefficients summed across all the layers and all N CSI-RS resources, where KNZ,TOT {1,2,…, 2K0} 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 NTRP >1: 
NTRP-bit bitmap to indicate the UE recommendation of N CSI-RS resources
· Non-existent if the value of N is RRC-configured to NTRP
	Complete

	Indication of number of SD basis vectors {L1, …, LNTRP}
	Part 1
	UE recommendation selecting one of the NL RRC-configured value combinations (-bit indicator)
· Non-existent if NL=1 
	Complete

	N Bitmap(s) per layer
	Part 2
	For RI=1-4: for layer l and CSI-RS resource n, size-
 where n denotes the n-th CSI-RS resource 
	Complete

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

	SD basis subset selection indicator for each of the N CSI-RS resources
	Part 2
	SD basis subset selection indicator is a -bit indicator for n=0,1,…,N–1. Details follow Rel.15
	Complete

	FD basis subset selection indicator
	Part 2
	Mode-1: See Table “SCI and FD basis subset selection indicator“ below + (N – 1) FD basis selection window offset values  (basic) or (optional), n=1,2,…,N–1

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 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 

	SD oversampling (rotation) factor q1, q2 
	Part 2
	Values of q1,n, q2,n 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
	RI ({1,…, RIMAX}) and KNZ,TOT (the total number of non-zero coefficients summed across all the layers and all N CSI-RS resources, where KNZ,TOT {1,2,…, 2K0} 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
	NTRP-bit bitmap to indicate the UE recommendation of N CSI-RS resources
· Non-existent if the value of N is RRC-configured to NTRP
	Complete

	Indication of number of selected ports {L1, …, LNTRP}, where Ln=n PCSI-RS /2
	Part 1
	UE recommendation selecting one of the NL RRC-configured value combinations (-bit indicator)
· Non-existent if NL=1 
	Complete

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

	Strongest coefficient indicator (SCI)
	Part 2
	For layer l: 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 n=0,1,…,N–1, where Ln=n PCSI-RS /2. Details follow Rel.15
	Complete

	FD basis subset selection indicator
	Part 2
	Mode-1: See Mode-2+ (N – 1) FD basis selection window offset values  (basic) or (optional), n=1,2,…,N–1

Mode-2: a  bit indicator only if N>M=2, 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 RI>1
	Per-layer SCI defined across N CSI-RS resources, where  is a –bit () indicator. The location (index) of the strongest LC coefficient for layer  before index remapping is  , , 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






Regarding CSI-RS EPRE offset, the offline conclusion was obtained by following:
For the Rel-18 Type-II codebook refinement for CJT mTRP, on PDSCH EPRE assumption for CQI calculation, the UE can assume that the PDSCH EPRE follows a commonly configured powerControlOffset value for all the N selected CSI-RS resources
1. Note: For CSI calculation, the combined precoder across N selected (out of the configured NTRP) CSI-RS resources is normalized for each layer and the transmitted signal across N selected (out of the configured NTRP) CSI-RS resources will be used in CSI calculation (up to the editor)
1. Note: This doesn’t restrict how NW configures powerControlOffset for each CSI-RS resource in general. It pertains to UE assumption on CQI calculation for the CSI-RS resources used in the same CSI reporting setting for Rel-18 Type-II CJT 

Proposal 1: 
For the Rel-18 Type-II codebook refinement for CJT mTRP, on PDSCH EPRE assumption for CQI calculation, the UE can assume that the PDSCH EPRE follows a commonly configured powerControlOffset value for all the N selected CSI-RS resources
1. Note: For CSI calculation, the combined precoder across N selected (out of the configured NTRP) CSI-RS resources is normalized for each layer and the transmitted signal across N selected (out of the configured NTRP) CSI-RS resources will be used in CSI calculation (up to the editor)
1. Note: This doesn’t restrict how NW configures powerControlOffset for each CSI-RS resource in general. It pertains to UE assumption on CQI calculation for the CSI-RS resources used in the same CSI reporting setting for Rel-18 Type-II CJT 

2.2	CSI enhancement for high/medium UE velocities
2.2.1 Reporting of TRS-based time-correlation/Doppler information via TRS
At RAN1#112 meeting, the following conclusion were made for TDCP reporting.
	Agreement
For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, 
· At least the following size-Q quantization alphabet is supported:  where 
· TBD: supported value(s) of N (e.g.  or a larger value), Q, s (e.g. ½, ¼, 1/8, …), whether a center threshold is also supported (and if so, higher-layer configured)
· FFS: Whether different schemes can be supported for different use cases

Working Assumption
For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, 
· KTRS ≥1 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, regarding the value of parameter Y for Y>1, the value of Y is gNB-configured via higher-layer (RRC) signalling

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
1. KTRS ≥1 TRS resource set(s) can be configured in the CSI reporting setting when ReportQuantity is ‘tdcp’ 
7. 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.
1. No further spec enhancement on TRS is supported 
1. [All the TRS resources in the configured resource set(s) share the same RE locations]
1. 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, regarding the value of parameter Y, in addition to Y=1, support Y=2, 3, 4
1. FFS: Whether Y=7 is also supported 

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

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:
1. Alt1: N=2Q-1 where Q=5, s={1/5, ¼, 1/3} 
1. Alt2: N=2Q where Q=3, s={¼, 1/3, ½, 2/3, ¾} 
1. Alt3: N=2Q where Q=4, s={¼, ½, 2/3, ¾} 
1. Alt4: N={2Q –1, …, 2Q+1 –1} (i.e., 7-15) where Q=3, s={1/5, ¼, 1/3, 2/5, ½, 3/5, 2/3, ¾, 4/5} 
1. Alt4A: N={2Q , 2Q+0.5,…, 2Q+1-0.5} (i.e., 8, 8.5,…,15.5) where Q=3, s={1/5, ¼, 1/3, 2/5, ½, 3/5, 2/3, ¾, 4/5}
Once an alternative is selected, reducing the number of candidate values for s is not precluded. 
Companies can simulate each alternative with and without a configurable center threshold

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 KTRS 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 KTRS 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 (KTRS – 1) periodic TRS resource sets 
· Note: Following the legacy specification, no more than 1 of the KTRS 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 

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  denotes delay and p(.) 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)




According to the offline email discussion, two proposals were discussed. From our perspective we are fine with these proposals:
Proposal 2: For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, further down-select (by RAN1#113) from the following candidates:
1. Alt1: N=2Q-1 where Q=5, s={¼, 1/3} 
1. Alt3: N=2Q where Q=4, s=½


Proposal 3: For the Rel-18 TRS-based TDCP reporting, regarding the quantization of phase value, further down-select (by RAN1#113) from the following candidates:
1. Alt3. 4-bit (16-PSK) uniform quantization (full reuse of Rel-16 eType-II W2 phase quantization)
1. Alt5. A given correlation phase value  is quantized to  based on the following alphabet (where  denotes delay):  where     
7. The candidate value(s) of Q and s are down-selected from the following: Q={3,4}, and s={1/1/2} 


Conclusion
In this contribution, we have the following proposal:
Proposal 1: For the Rel-18 Type-II codebook refinement for CJT mTRP, on PDSCH EPRE assumption for CQI calculation, the UE can assume that the PDSCH EPRE follows a commonly configured powerControlOffset value for all the N selected CSI-RS resources
1. Note: For CSI calculation, the combined precoder across N selected (out of the configured NTRP) CSI-RS resources is normalized for each layer and the transmitted signal across N selected (out of the configured NTRP) CSI-RS resources will be used in CSI calculation (up to the editor)
1. Note: This doesn’t restrict how NW configures powerControlOffset for each CSI-RS resource in general. It pertains to UE assumption on CQI calculation for the CSI-RS resources used in the same CSI reporting setting for Rel-18 Type-II CJT 

Proposal 2: For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, further down-select (by RAN1#113) from the following candidates:
1. Alt1: N=2Q-1 where Q=5, s={¼, 1/3} 
1. Alt3: N=2Q where Q=4, s=½


Proposal 3: For the Rel-18 TRS-based TDCP reporting, regarding the quantization of phase value, further down-select (by RAN1#113) from the following candidates:
1. Alt3. 4-bit (16-PSK) uniform quantization (full reuse of Rel-16 eType-II W2 phase quantization)
1. Alt5. A given correlation phase value  is quantized to  based on the following alphabet (where  denotes delay):  where     
9. The candidate value(s) of Q and s are down-selected from the following: Q={3,4}, and s={1/1/2} 
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