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Introduction
In the following, we summarize the NR CSI design evolution from Rel-15/16/17. 
· In Rel-15, both Type I and Type II codebook were introduced for advanced PMI reporting. The codebook structure relies on  in which  is the spatial bases selection matrix, and  is the combination coefficient matrix. Spatial bases are constructed based on the oversampled two-dimensional DFT matrix. 
· For Type I codebook, both single panel and multiple panel codebook are supported. 
· For Type II codebook, both regular Type II and port selection codebook are supported. 
· In Rel-16, to reduce Type II codebook CSI overhead, frequency domain compression was introduced for enhanced Type II codebook based on frequency bases. Frequency bases are constructed based on DFT matrix. The codebook structure of the enhanced Type II codebook is  in which  is the spatial bases selection matrix,  is the combination coefficient matrix, and  is frequency bases selection matrix.
· In Rel-17, Type II port selection is further enhanced by allowing more flexible port selection while restricting the frequency bases selection. In addition, CSI report enhancement was introduced to support Non-Coherent Joint Transmission (NCJT). However, the scope of CSI enhancement for NCJT is only limited to Type I codebook and only covers the Single-DCI Multi-TRP scheme 1a, i.e., SDM scheme.
In Rel-18, as part of the approved WID in RP-213598, [1], the following two objectives are considered for CSI enhancement. 
	1. 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



In last RAN1 meeting #112bis [2], the following agreement/conclusion were reached regarding Rel-18 CSI enhancement. 
	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 Type-II codebook refinement for CJT mTRP, for mode-1, the layer-common reference CSI-RS resource  is fixed to the first of the N 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 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 Parameter Combination of Type-II codebook refinement for CJT mTRP, for NTRP =1, in addition to the already agreed seven Parameter Combinations, support the following Parameter Combination (based on legacy Parameter Combination #6): L=4, {pv;b}={ ½, ½, ¼ , ¼; ½ }

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 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 {pv,b} is gNB-configured via higher-layer (RRC) signalling”
· “The set of NL combinations of values for {L1, ..., LNTRP} is gNB-configured via higher-layer (RRC) signalling”
Such configuration shall be according to the supported/agreed linkages.

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.
	M
	
	Condition
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	½ 
	FFS: N_trp<=3, NL=1

	
	¾ 
	FFS: N_trp<=3, NL =1


· 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

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
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	{3/4,3/4}
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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 “NTRP≤3, NL =1” for M=2. 

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. 

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, regarding CBSR, one of the NTRP configured CSI-RS resources must be configured with CBSR, while the remaining (NTRP –1) 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.

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 l in legacy Prio calculation with , i.e., SD basis index over all resources: Prio(,l,m,n) = 2Ltot.RI.P(m)+ RI.+RI.l(n)+ 
· FFS: FD permutation P(.) as Rel-16-analogous, or no permutation i.e. P(m)=m

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,
· For Rel-16 eType-II-based: 
·  where  represents the indices of the N selected CSI-RS resources (out of the NTRP configured CSI-RS resources) 
· The payload of  is determined by  where the maximum is taken over the NL configured {Ln} combinations 
· For Rel-17 FeType-II-based:  
·  where  represents the indices of the N selected CSI-RS resources (out of the NTRP configured CSI-RS resources)
· The payload of  is determined by  where the maximum is taken over the NL configured {an} combinations 
· Note: .

Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding CSI calculation and measurement, 
· 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
· 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 N 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 N selected CSI-RS resources 
· 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
· 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 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: 
· 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
· The support for dynamic TRP selection, wherein N CSI-RS resources are selected out of the configured NTRP CSI-RS resources 
· Note: The fall-back of gNB configuring N=NTRP via RRC signalling is supported
· The support for dynamic {Ln} selection, wherein 1 out of NL {Ln} combinations is selected 
· 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)).
· 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

Agreement
For the Type-II codebook refinement for high/medium velocities, when a UE is configured with X=2 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 a UE is configured with X=2 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, when WCSI>1, if a UE supports X=2 for CQI calculation, the value of X (either 1 or 2) is gNB-configured via higher-layer (RRC) signalling 

Agreement
On the Type-II codebook refinement for high/medium velocities, regarding UCI omission
· When X=2 is configured, the 2nd TD CQI location reuses the legacy rule for the 2nd codeword CQI when RI>4, 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 N4 is >1, whether the DD basis selection indicator is placed in G0 or G1

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 Q=1: for each layer, one 2-dimensional bitmap of size-2LM reusing the legacy design is used
· When the UE is configured with Q=2: for each layer,
· Basic feature: two 2-dimensional bitmaps, each of size-2LM 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’: Q different bitmaps are supported for each layer, each of the Q bitmaps corresponds to DD basis q = 0 or 1.
· For each polarization, each of the Q 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 support of optional bitmap for Q=2

Agreement
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 
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· 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:
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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
On the Type-II codebook refinement for high/medium velocities, regarding UCI omission, when the configured value of N4 is >12, the DD basis selection indicator is placed in G1

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 .

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 K configured CSI-RS resources comprising the CMR and the antenna ports for the same antenna port index across the K CSI-RS resources are the same.
· All the K 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 K
· On PDSCH EPRE assumption for CQI calculation, a same powerControlOffset value is assumed for all the K configured CSI-RS resources comprising the CMR 
· Alt 1: The configured powerControlOffset value is the same for all the K configured CSI-RS resources comprising the CMR
· Alt 2: The assumed PDSCH EPRE of all the K 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 Z/Z’, and total number active/simultaneous CSI-RS resource/ports, decide, in RAN1#113, at least based on the following factors: 
· The measurement of K>1 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 N4 value is >1, DD compression (when the configured N4 value is >1) 

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 N4 is 1 (or configured to 1):
· X=2 TD CQIs 
· Additional constraint on the value of d: only d=1 is allowed 

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 Q is the number of DD basis vectors (1 or 2)

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

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: N=2Q-1 where Q=5, s={1/5, ¼, 1/3} 
· Alt2: N=2Q where Q=3, s={¼, 1/3, ½, 2/3, ¾} 
· Alt3: N=2Q where Q=4, s={¼, ½, 2/3, ¾} 
· 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} 
· 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

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, for TDCP measurement and calculation, confirm the following working assumption as an agreement with the following change
· 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
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: Prio(,l,m,q)=2L.RI.Mv.q + 2L.RI.P(m)+ RI.l +  where P(m) = m
· 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
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, regarding the value of parameter Y, in addition to Y=1, support Y=2, 3, 4
· 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,
· Support the following D (delay) values: 4 symbols, 1 slot, 2 slots, 3 slots, 4 slots, 5 slots
· Working assumption: Support the following D (delay) values in a separate UE Feature Group: 6 slots, 10 slots
FFS: The value of Dbasic
FFS: Applicability of each D value candidate for different SCS values and/or other parameters (e.g. Y, quantization)

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)

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

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
	RI ({1,…, RIMAX}) and KNZ,TOT (the total number of non-zero coefficients summed across all the Q 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 X=2 (same format as CQIs for 2CW when RI>4 in R15) 
	Complete

	Subband CQI for the second TD CQI
	Part 2
	Only applicable for X=2 (same format as CQIs for 2CW when RI>4 in R15) 
	Complete

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

	Strongest coefficient indicator (SCI)
	Part 2
	RI=1: A -bit indicator for the strongest coefficient index 
RI>1: 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 N4>2 and Q=2: the selection of Q out of N4 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 q1, q2
	Part 2
	Values of q1, q2 follow Rel.15
	Complete



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

	# NZ coefficients
	Part 1
	RI (Î{1,…, RIMAX}) and KNZ,TOT (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 X=1 TD CQI is supported)

	Complete 

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

	Strongest coefficient indicator (SCI)
	Part 2
	For layer l: 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 N>M=2, 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 RI>1
	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




In this contribution, we provide our views on the CSI enhancement in the following three areas. 
· Type-II codebook refinement for Coherent Joint Transmission (CJT) for Multi-TRP (mTRP) 
· Type-II codebook refinement for high/medium UE velocities exploiting time-domain correlation/Doppler-domain information.
· UE reporting of time-domain channel properties (TDCP) measured via CSI-RS for tracking (TRS)
Type-II codebook refinement for CJT
Figure below illustrates one example of the Coherent Joint Transmission (CJT) from 4 TRPs. Each TRP is configured with 2x2 linear antenna array in which there are 2 V-Pol and 2 H-Pol antenna elements per vertical and per horizontal direction. 
[image: A picture containing timeline

Description automatically generated]
Figure 1 Illustration of Coherent Joint Transmission (CJT) from 4 TRP
One remaining issue from the last RAN1#112bis meeting is the EPRE assumptions,
	Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding CSI calculation and measurement, 
· 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
· 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 N 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 N selected CSI-RS resources 
· 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
· 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 N selected (out of the configured NTRP) CSI-RS resources will be used in the TS38.214 equation for CSI calculation




Since we are considering CJT, the design basis should be the same as single NZP-CSI-RS-Resource design for example for the single panel or multi-panel codebook. In other words, even though each TRP/TRP group is represented by different NZP-CSI-RS-Resource, there should only be a common powerControlOffset for the assumption of PDSCH to CSI-RS EPRE ratio,

Proposal 1.1, For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding CSI calculation and measurement, on PDSCH EPRE assumption for CQI calculation, support Alt2 with the following clarification. 
· 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.
· Note: powerControlOffset can still be independently configured for each CSI-RS resource. When CSI-RS resources are used for the same CSI report setting for CJT mTRP, all the corresponding CSI-RS resources have the restrictions that the same powerControlOffset shall be configured.

Regarding the CPU and Z and Z’ considering for Rel-18 Type-II codebook refinement for CJT mTRP, following is our proposal. 

Proposal 1.2, For the Rel-18 Type-II codebook refinement for CJT mTRP,
· Each CSI-RS resource for CMR in a CSI report setting is considered to occupy one CPU.
· For Z and Z’ timeline for aperiodic CSI report, use  and  in Table 5.4-2 in TS38.214.
Type-II codebook refinement exploiting time-domain correlation
We agreed that the CSI reference resource can be used to define the CSI prediction timeline. In NR, for CSI processing timeline, CSI reference resource is defined in Clause 5.2.2.5 in TS38.214 [3]. Conceptually, CSI reference resource is the latest/last slot that UE can receive CSI measurement resource to report the CSI measurement result in the corresponding CSI report. 
For aperiodic CSI report with periodic or semi-persistent measurement resource, CSI reference resource is defined based on Z’ defined in Clause 5.4 in TS38.214 [3], quoted below
	
-	where for aperiodic CSI reporting, if the UE is indicated by the DCI to report CSI in the same slot as the CSI request, nCSI_ref is such that the reference resource is in the same valid downlink slot as the corresponding CSI request, otherwise nCSI_ref is the smallest value greater than or equal to , such that slot n- nCSI_ref corresponds to a valid downlink slot, where Z' corresponds to the delay requirement as defined in clause 5.4.
-	when periodic or semi-persistent CSI-RS/CSI-IM or SSB is used for channel/interference measurements, the UE is not expected to measure channel/interference on the CSI-RS/CSI-IM/SSB whose last OFDM symbol is received up to Z' symbols before transmission time of the first OFDM symbol of the aperiodic CSI reporting.



To determine Z’, in Clause 5.4 in TS38.214, SCS is needed for the table lookup. In the current specification, the SCS is determined based on the SCS among aperiodic CSI triggering DCI, PUSCH carrying aperiodic CSI and aperiodic NZP-CSI-RS for CSI measurement, quoted below
	-	µ of table 5.4-1 and table 5.4-2 corresponds to the min (µPDCCH, µCSI-RS, µUL) where the µPDCCH corresponds to the subcarrier spacing of the PDCCH with which the DCI was transmitted and µUL corresponds to the subcarrier spacing of the PUSCH with which the CSI report is to be transmitted and µCSI-RS corresponds to the minimum subcarrier spacing of the aperiodic CSI-RS triggered by the DCI



However, aperiodic CSI can also be triggered with periodic or semi-persistent measurement resource, the SCS of which is not considered in the minimum SCS determination. To resolve the issue, we propose the following clarification.
Proposal 2.1, Clarify that, for aperiodic CSI report with periodic or semi-persistent measurement resource, to determine the SCS for Z', SCS of all associated periodic or semi-persistent measurement resource shall be considered in the minimum operation.

Similar as CJT, one remaining issue from the last RAN1#112bis meeting is the EPRE assumptions,
	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 K configured CSI-RS resources comprising the CMR and the antenna ports for the same antenna port index across the K CSI-RS resources are the same.
· All the K 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 K
· On PDSCH EPRE assumption for CQI calculation, a same powerControlOffset value is assumed for all the K configured CSI-RS resources comprising the CMR 
· Alt 1: The configured powerControlOffset value is the same for all the K configured CSI-RS resources comprising the CMR
· Alt 2: The assumed PDSCH EPRE of all the K 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



We have the following proposal.

Proposal 2.2, For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding CSI calculation and measurement, on PDSCH EPRE assumption for CQI calculation, support Alt1.
· Alt 1: The configured powerControlOffset value is the same for all the K configured CSI-RS resources comprising the CMR.
· Strive to have the unified solution for EPRE assumption for both Type-II codebook refinement for CJT and Type-II codebook refinement for high/medium velocities.

Regarding the CPU and Z and Z’ considering for Rel-18 Type-II codebook refinement for high/medium velocities, following is our proposal. 

Proposal 2.3, For the Rel-18 Type-II codebook refinement for high/medium velocities,
· Each CSI-RS resource for CMR in a CSI report setting is considered to occupy one CPU for each predicted PMI. The total CPU occupied by a CSI report setting is  where  is the number of CMR resources and  is the number of predicted PMI for different time,
· For Z and Z’ timeline for aperiodic CSI report, use  and  in Table 5.4-2 in TS38.214.
UE reporting of TDCP measured via TRS
In our view, the TDCP discussion become non-technical and starts to waste significant amount of RAN1 time that will jeopardize the completion of Rel-18 MIMO WI

Proposal 3.1, TDCP related RAN1 work shall be stopped in RAN1. 
· If RAN1 TU is available, RAN1 shall revisit Rel-15 TRS design for UE side Time/Frequency synchronization and channel QCL properties estimate.
Conclusion
In contribution, we provide our views on the CSI enhancement in the following three areas for Rel-18 MIMO evolution. 
· Type-II codebook refinement for Coherent Joint Transmission (CJT) for Multi-TRP (mTRP).
· Type-II codebook refinement for high/medium UE velocities exploiting time-domain correlation/Doppler-domain information.
· UE reporting of time-domain channel properties (TDCP) measured via CSI-RS for tracking (TRS)
We have the following proposals. 
Type-II codebook refinement for CJT
Proposal 1.1, For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding CSI calculation and measurement, on PDSCH EPRE assumption for CQI calculation, support Alt2 with the following clarification. 
· 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.
· Note: powerControlOffset can still be independently configured for each CSI-RS resource. When CSI-RS resources are used for the same CSI report setting for CJT mTRP, all the corresponding CSI-RS resources have the restrictions that the same powerControlOffset shall be configured.

Proposal 1.2, For the Rel-18 Type-II codebook refinement for CJT mTRP,
· Each CSI-RS resource for CMR in a CSI report setting is considered to occupy one CPU.
· For Z and Z’ timeline for aperiodic CSI report, use  and  in Table 5.4-2 in TS38.214.

Type-II codebook refinement exploiting time-domain correlation.
Proposal 2.1, Clarify that, for aperiodic CSI report with periodic or semi-persistent measurement resource, to determine the SCS for Z', SCS of all associated periodic or semi-persistent measurement resource shall be considered in the minimum operation.

Proposal 2.2, For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding CSI calculation and measurement, on PDSCH EPRE assumption for CQI calculation, support Alt1.
· Alt 1: The configured powerControlOffset value is the same for all the K configured CSI-RS resources comprising the CMR.
· Strive to have the unified solution for EPRE assumption for both Type-II codebook refinement for CJT and Type-II codebook refinement for high/medium velocities.

Proposal 2.3, For the Rel-18 Type-II codebook refinement for high/medium velocities,
· Each CSI-RS resource for CMR in a CSI report setting is considered to occupy one CPU for each predicted PMI. The total CPU occupied by a CSI report setting is  where  is the number of CMR resources and  is the number of predicted PMI for different time,
· For Z and Z’ timeline for aperiodic CSI report, use  and  in Table 5.4-2 in TS38.214.

UE reporting of TDCP measured via TRS.
Proposal 3.1, TDCP related RAN1 work shall be stopped in RAN1. 
· If RAN1 TU is available, RAN1 shall revisit Rel-15 TRS design for UE side Time/Frequency synchronization and channel QCL properties estimate.
Reference 
[1] RP-213598, New WID: MIMO Evolution for Downlink and Uplink, 3GPP TSG RAN Meeting #94e, Electronic Meeting, Dec. 6 - 17, 2021
[2] Chairman Notes, 3GPP TSG RAN WG1 #112bis-e e-Meeting, April 17th – April 26th, 2023.
[3] 3GPP TS 38.214, Physical layer procedures for data, V15.16.0 (2022-03)
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