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In this paper, we provide our views on Rel-18 UE features for NR MIMO evolution.

UE feature for <Multi-TRP enhancement>
In the discussion of WI, the following agreements have been agreed, which are related to UE capabilities.
Agreement
On unified TCI framework extension, up to 2 joint TCI states can be indicated by MAC-CE/DCI and applied to CJT-based PDSCH reception (PDSCH-CJT) in a BWP/CC configured with joint DL/UL TCI mode
· Support of 1 or 2 indicated joint TCI states for PDSCH-CJT is up to UE capability
· FFS: QCL type(s)/assumption(s) of the indicated joint TCI state(s) applied to PDSCH-CJT 
· Note: On how to inform UE to apply which indicated joint TCI state(s) to target channel(s)/signal(s) in the BWP/CC, it is discussed individually in AI 9.1.1.1

Agreement
On unified TCI framework extension for S-DCI based MTRP, an RRC configuration can be provided in CSI-AssociatedReportConfigInfo of CSI-AperiodicTrigger State for each CSI-RS resource set or for each CSI-RS resource in each aperiodic CSI-RS resource set to inform that the UE shall apply the first or the second indicated joint/DL TCI state to the CSI-RS resource if the aperiodic CSI-RS resource set for CSI/BM is configured to follow unified TCI state
· Above applies at least if the offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in the aperiodic CSI-RS resource set is equal to or larger than a threshold (if the threshold is needed)
· FFS: If the UE is configured for CSI-RS resource set, for an aperiodic CSI-RS resource set configured with two Resource Groups for NCJT CSI and configured to follow unified TCI state, if above RRC configuration is not provided to the aperiodic CSI-RS resource set, the UE shall apply the first indicated joint/DL TCI state to the CSI-RS resource(s) in Group 1 and the second indicated joint/DL TCI state to the CSI-RS resource(s) in Group 2.
· ‘per CSI-RS resource set’ or ‘per CSI-RS resource’ is up to UE capability

Agreement
For multi-DCI multi-TRP operation with two TAs in a CC, two DL reference timings are supported where each DL reference timing is associated with one TAG
· baseline assumption is that the Rx timing difference between the two DL reference timings is no larger than CP length 
· as an optional UE capability, Rx timing difference between the two DL reference timings can be assumed to be larger than CP length
· FFS: the maximum Rx timing difference (could be up to RAN4)
Other than UE capability details and relevant configuration, no additional RAN1 specification enhancement specific for this case is expected
Based on the above agreements, the following is proposed:
Proposal 1-1: Introduce the following FGs.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	
	
	Unified TCI for Multi-TRP
	1. Granularity of TCI state selection configuration for aperiodic CSI-RS in sDCI based Multi-TRP


	23-1-1
	Yes
	
	Unified TCI for multi-TRP is not supported
	Per band
	n/a
	n/a
	n/a
	1.candidate values {per resource, per resource set}

	Optional with capability signalling

	
	
	Support of two TCI states for PDSCH-CJT transmission
	1. Support of two indicated joint TCI states that can be applied for PDSCH-CJT.

	
	Yes
	
	Two indicated joint TCI states is not supported for PDSCH-CJT 
	Per band
	n/a
	n/a
	n/a
	
	Optional with capability signalling

	
	
	Two TAs for Uplink Multi-TRP transmission
	1.Difference between the two DL reference timings can be larger than CP length
	
	Yes
	
	UE cannot maintain two DL timing with a difference larger than CP length
	Per UE
	n/a
	n/a
	n/a
	1.candidate values {support}
	Optional with capability signalling




UE feature for <CSI enhancement >
For CJT CSI enhancement
[bookmark: _Hlk134707372]For CJT CSI codebook, similar to legacy Type I single panel codebook in FG 2-36, Type I multi panel codebook in FG 2-40, Type II codebook in FG 2-41 and etc., a list of supported combinations where each combination contains {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across all CC should be introduced. The gNB can configure multiple CSI measurement according to the above listed combinations. For example, if UE reports {16, 8, 128}, then gNB can configure CSI report #1 and CSI report #2 based on {16, 4, 64} and {16, 4, 64}, respectively; or the gNB can configure CSI report #1, CSI report #2, CSI report #3, and CSI report #4 based on {16, 2, 64}, {16, 2, 64}, {16, 2, 64} and {16, 2, 64}, respectively; or the gNB can configure CSI report #1, CSI report #2, and CSI report #3 based on {16, 2, 64}, {16, 2, 64}, {16, 4, 64}, respectively. However, it is quite complicated for UE preforming CJT CSI measurement on 4 CSI-RS resources than 2 CSI-RS resources. Therefore, to avoid the configuration of the base station exceeding UE capacity, a list of supported combinations where each combination contains {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} for one CJT CSI measurement should be introduced.
[bookmark: _Hlk134709075]Besides, two codebook mode are supported, e.g., mode-1 and mode-2. Mode-2 can be considered as a special case of codebook mode 1, where mode-1 needs additional computational complexity of calculating the frequency offset. Besides, it was agreed in RAN#110bis that the selection of N out of NTRP CSI-RS resources is UE optional. 
Agreement
On the Type-II codebook refinement for CJT mTRP, the selection of N CSI-RS resources is performed by UE and reported as a part of CSI report where N{1,..., NTRP} 
· N is the number of cooperating CSI-RS resources, while NTRP is the maximum number of cooperating CSI-RS resources configured by gNB via higher-layer signaling
· The selection of N out of NTRP CSI-RS resources is reported via NTRP-bit bitmap in CSI part 1
· Note: The value of N is inferred from the selection
· A restricted configuration (gNB-configured via higher-layer signaling) where N=NTRP is supported
· NTRP-bit bitmap is not reported when the restriction is configured
· FFS: Whether other RRC-configured TRP selection restriction including configuring the value of N is supported
· This feature is UE optional 

Besides, other agreements involving UE capabilities are also listed below.

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 (RAN1#111, 202211)
On the Type-II codebook refinement for CJT mTRP:
· The maximum value of 2NN1N2 is 128
· The support of 2NN1N2 >32 is UE optional for UEs supporting Rel-18 CJT CSI enhancement
· Note: Following the legacy specification on the maximum number of NZP CSI-RS ports per CSI-RS resource, the maximum value of 2N1N2 is 32.
Agreement (RAN1#112, 202302)
On the Type-II codebook refinement for CJT mTRP, for Rel-16-based refinement, support at least the following combinations of {pv,} from where the value of {pv,} is gNB-configured via higher-layer (RRC) signaling:
· FFS by RAN1#112: whether other combinations can be supported
FFS (by RAN1#112bis-e): Whether/how the supported combinations of {M} for Rel-17-based refinement are derived from the supported combinations of {pv ,} for Rel-16-based refinement 

	[bookmark: _Hlk128065209]pv for layers 1-4
	
	Condition(s) 

	{1/8, 1/8, 1/16, 1/16}
 
	¼ 
	--

	
	½ 
	--

	{1/4, 1/4, 1/8, 1/8}
	¼ (*)
	--

	
	½ (*)
	--

	{1/4, 1/4, 1/4, 1/4}
	¾ (*) 
	--

	{1/2, 1/2, 1/2, 1/2}
	½ 
	- Only applicable when NTRP≤3 and NL=1
- Optional


(*) Supported by legacy Rel-16 

Thus, we have the following proposal:
[bookmark: _Hlk134708832]Proposal 2-1:  Introduce following FGs:
1. A list of supported combinations, each combination is {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across all CCs simultaneously
2. A list of supported combinations, each combination is {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} for one CJT CSI measurement
3. Support codebook  modes for CJT CSI
4. CJT CSI measurement schemes

	[bookmark: _Hlk134709376]Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	
	
	Support of Rel-16-based CJT measurement
	1) A list of supported combinations, each combination is {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across all CCs simultaneously
2) A list of supported combinations, each combination is {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} for one CJT CSI measurement
3) Supported codebook  modes for CJT CSI
4) CJT CSI measurement schemes
5) Support R=1
6) Support NL=1
	
	
	
	
	
	
	
	
	Component 3 candidate value {mode-2, both mode-1 and mode-2}
Component 4 candidate value {N=NTRP, both N=NTRP and selection of N out of NTRP}

	Optional with capability signalling


	
	
	FD basis selection offset mode for Rel-16-based CJT codebook  with mode1 
	Supported FD basis selection offset modes for mode1 codebook
	
	
	
	
	
	
	
	
	Candidate value {integer-mode, both  integer-mode and fractiona-mod}
	Optional with capability signalling


	
	
	Support R=2 for Rel-16-based CJT codebook  
	1) Support R=2 for Rel-16-based CJT codebook
2) A list of supported combinations, each combination is {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across all CCs simultaneously to support R=2 for Rel-16-based CJT codebook  
3) A list of supported combinations, each combination is {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} for one CJT CSI measurement to support R=2 for Rel-16-based CJT codebook  
	
	
	
	
	
	
	
	
	
	

	
	
	Support pv={1/2,1/2,1/2,1/2} and beta=1/2 for Rel-16-based CJT codebook
	Support pv={1/2,1/2,1/2,1/2} and beta=1/2 for Rel-16-based CJT codebook
	
	
	
	
	
	
	
	
	
	Optional with capability signalling


	
	
	Support of Rel-17-based CJT measurement
	1) A list of supported combinations, each combination is {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across all CCs simultaneously
2) A list of supported combinations, each combination is {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} for one CJT CSI measurement
3) Supported codebook  modes for CJT CSI
4) CJT CSI measurement schemes
5) Support R=1 and M=1
6) Support NL=1
7) Support parameter combinations with M=1
	
	
	
	
	
	
	
	
	Component 3 candidate value {mode-2, both mode-1 and mode-2}
Component 4 candidate value {N=NTRP, both N=NTRP and selection of N out of NTRP}

	Optional with capability signalling


	
	
	FD basis selection offset mode for Rel-17-based CJT codebook  with mode1   
	Supported FD basis selection offset modes for mode1 codebook
	
	
	
	
	
	
	
	
	Candidate value {integer-mode, both  integer-mode and fractiona-mod}
	Optional with capability signalling


	
	
	Support of M=2 and R=1 for Rel-17-based CJT codebook  
	1) A list of supported combinations, each combination is {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across all CCs simultaneously to support M=2 and R=1 for Rel-17-based CJT codebook  
2) A list of supported combinations, each combination is {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} for one CJT CSI measurement to support M=2 and R=1 for Rel-17-based CJT codebook  
3) Support parameter combinations with M=2
	
	
	
	
	
	
	
	
	
	

	
	
	Support R=2 for Rel-17-based CJT codebook  
	4) Support R=2 for Rel-17-based CJT codebook
5) A list of supported combinations, each combination is {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across all CCs simultaneously to support R=2 for Rel-17-based CJT codebook  
6) A list of supported combinations, each combination is {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} for one CJT CSI measurement to support R=2 for Rel-17-based CJT codebook  
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	



The selection of N out of NTRP CSI-RS resources needs additional computational complexity. Thus, it is preferred to introduce separate combinations. We have the following proposal:

Proposal 2-2:  Introduce following UE capability:
· For dynamic TRP selection by N out of NTRP
1. A list of supported combinations, each combination is {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across all CCs simultaneously
2. A list of supported combinations, each combination is {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} for one CJT CSI measurement
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	
	
	For CJT measurement, support selection of N TRPs out of NTRP TRPs
	
	
	
	
	
	
	
	
	
	
	Optional with capability signalling




For CSI enhancement for mobility

Agreement (RAN1#111, 202211)
For the Type-II codebook refinement for high/medium velocities, regarding the parameter N4 (length of DFT vector, unit-less), support 8 as an additional candidate value.
· FFS (by RAN1#112): Whether any of the following additional candidate values are supported: 3, 5, 16, 32.
· The candidate values supported by UE are reported via UE capability (details can be discussed in UE feature). 

Agreement (RAN1#112, 202302)
For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding the time instance and/or PMI(s) in which a CQI is associated with, given the CSI reporting window WCSI (in slots), as well as the number of CQIs (=X) in one sub-band and one CSI reporting instance, support only the following:
· Basic feature: X=1 and the CQI is associated with the first/earliest slot of the CSI reporting window and the first/earliest of the N4 W2 matrices
· Optional features:
· X=1 and the CQI is associated with:
· the first/earliest slot of the CSI reporting window (slot l) and the first/earliest of the N4 W2 matrices, and 
· the last slot of the CSI reporting window (slot l+WCSI–1) and the N4-thW2 matrix
· X=2 and
· The 1st CQI is associated with the first/earliest slot of the CSI reporting window (slot l) and the first/earliest of the N4 W2 matrices, and 
· The 2nd CQI is associated with the middle slot of the CSI reporting window (slot l+WCSI/2) and the (N4 /2)-thW2 matrix
· FFS: Whether/how to include CQI overhead reduction for X=2
· 
For doppler CSI codebook, multiple CSI-RS occasions measurement, UE-side prediction and PMI calculation in three dimensions would be performed, which increase calculation complexity and the requirement of UE memory. Obviously, the value of N4 affects the calculation complexity of the UE. Therefore, the value of N4 needs to be added to the combination and a list of supported combinations where each combination contains {Max # of time unit, Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across all CC should be introduced. The gNB can configure multiple CSI measurement according to the above listed combinations. 
[bookmark: _Hlk134709333]Besides, the UE capability of CQI report with X=1/2 and associated with different slot should be indicated. 
Proposal 2-3:  Introduce FGs with following components:
1. A list of supported combinations, each combination is {Max # of time unit, Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across all CCs simultaneously
2. A list of supported combinations, each combination is {Max # of time unit, Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} for one doppler CSI measurement
3. The UE capability of CQI report with X=1/2 and associated with different slot

	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	
	
	Support of Rel-16-based doppler measurement
	1) A list of supported combinations, each combination is {Max # of time unit, Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across all CCs simultaneously
2) A list of supported combinations, each combination is {Max # of time unit, Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} for one doppler CSI measurement
3) Support R=1
4) Support X=1 CQI, and the CQI is associated with the first/earliest slot of the CSI reporting window and the first/earliest of the N4 W2 matrices
	
	
	
	
	
	
	
	
	
	Optional with capability signalling


	
	
	Support R=2 for Rel-16-based doppler codebook  
	1) Support R=2 for Rel-16-based doppler codebook
2) A list of supported combinations, each combination is {Max # of time unit, Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across all CCs simultaneously to support R=2 for Rel-16-based doppler codebook  
3) A list of supported combinations, each combination is {Max # of time unit, Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} for one doppler CSI measurement to support R=2 for Rel-16-based doppler codebook  
4) Support X=1 CQI, and the CQI is associated with the first/earliest slot of the CSI reporting window and the first/earliest of the N4 W2 matrices
	
	
	
	
	
	
	
	
	
	Optional with capability signalling

	
	
	Support X=1 and X=2 CQI for Rel-16-based doppler codebook
	1) Support X=1 CQI, CQI is associated with:the first/earliest slot of the CSI reporting window (slot l) and the first/earliest of the N4 W2 matrices, and the last slot of the CSI reporting window (slot l+WCSI–1) and the N4-thW2 matrix
2) Support X=2 and the 1st CQI is associated with the first/earliest slot of the CSI reporting window (slot l) and the first/earliest of the N4 W2 matrices, and the 2nd CQI is associated with the middle slot of the CSI reporting window (slot l+WCSI/2) and the (N4 /2)-thW2 matrix

	
	
	
	
	
	
	
	
	
	Optional with capability signalling


	
	
	Support of Rel-17-based doppler measurement
	1) A list of supported combinations, each combination is {Max # of time unit, Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across all CCs simultaneously
2) A list of supported combinations, each combination is {Max # of time unit, Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} for one doppler CSI measurement
3) Support R=1 and M=1
4) Support parameter combinations with M=1
	
	
	
	
	
	
	
	
	
	Optional with capability signalling


	
	
	Support of M=2 and R=1 for Rel-17-based doppler codebook  
	1) A list of supported combinations, each combination is {Max # of time unit, Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across all CCs simultaneously to support M=2 and R=1 for Rel-17-based doppler codebook  
2) A list of supported combinations, each combination is {Max # of time unit, Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} for one doppler CSI measurement to support M=2 and R=1 for Rel-17-based doppler codebook  
3) Support parameter combinations with M=2
	
	
	
	
	
	
	
	
	
	Optional with capability signalling

	
	
	Support R=2 for Rel-17-based doppler codebook  
	1) Support R=2 for Rel-17-based doppler codebook
2) A list of supported combinations, each combination is {Max # of time unit, Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across all CCs simultaneously to support R=2 for Rel-17-based doppler codebook  
3) A list of supported combinations, each combination is {Max # of time unit, Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} for one doppler CSI measurement to support R=2 for Rel-17-based doppler codebook  
	
	
	
	
	
	
	
	
	
	Optional with capability signalling



UE feature for <Reference signal enhancement >
Increased number of orthogonal DMRS ports
Considering the higher channel estimation complexity brought by length-4-FD-OCC-based Rel.18 DMRS, the support of the combination of Rel.18 DMRS and other features with high timing requirement/channel estimation complexity should be enabled by separate UE features if supported.
First, for PDSCH processing time, there are two capabilities defined in current spec., i.e., capability 1 and capability 2. Capability 2 with higher timing requirement is mainly used for URLLC scenario, which requires higher robustness and lower latency compared with eMBB scenario, while Rel.18 DMRS targets at supporting higher MU-MIMO layers under eMBB scenario. Furthermore, both the lower channel estimation performance and higher channel estimation complexity of length-4 FD-OCC makes Rel.18 DMRS inappropriate under URLLC scenario. As a result, PDSCH processing capability 2 should not be simultaneously supported with Rel.18 DMRS.
Next, to enable different DMRS-related capability reporting for Rel.15 and Rel.18 DMRS, several Rel.18-DMRS-related UE features similar to following Rel.15-DMRS-related ones should be introduced: FG 2-5 (Basic downlink DMRS for scheduling type A), FG 2-6 (Basic downlink DMRS for scheduling type B), FG 2-6a (oneFL-DMRS-TwoAdditionalDMRS-DL), FG 2-7 (twoFL-DMRS), FG 2-8 (twoFL-DMRS-TwoAdditionalDMRS-DL), FG 2-9 (oneFL-DMRS-ThreeAdditionalDMRS-DL) and FG 2-10 (supportedDMRS-TypeDL). Specially, for FG 2-5 3), it mandates UE to support 1 FL DMRS and 2 additional DMRS symbols for at least one port, which mainly applies to medium/high mobility scenario and contradicts with the target scenario of Rel.18 DMRS. Besides that, the higher channel estimation complexity of Rel.18 DMRS and more than 1 additional DMRS symbol makes their combination unacceptable. As a result, even if supported, the Rel.18 ‘FG 2-5 3)’ should be a non-basic feature. 
Then, due to the high complexity of multi-CDM-group channel estimation, a UE capability indicating the simultaneous support of Rel.18 DMRS and cross-CDM-group DMRS port combination for rank=2~4 should be introduced. By similar logic, a UE capability indicating the simultaneous support of Rel.18 DMRS and single-DCI NCJT, the DMRS port combinations enabling which always take up 2 CDM groups, is also needed.
Similarly, a UE capability indicating the simultaneous support of Rel.18 DMRS and 8Rx should be introduced. 

Proposal 3-1:  Following Rel.18-DMRS-related UE capabilities should be introduced:
· UE capability 1: indicate whether UE can simultaneously support Rel.18 DMRS and processing time capability 2.
· UE capabilities 2~8: introduce Rel.18-DMRS-related UE features similar to FG 2-5, FG 2-6, 2-6a, FG 2-7, FG 2-8, FG 2-9 and FG 2-10.
· Rel.18-DMRS-related UE features similar to FG 2-5 3) should be a non-basic feature.
· UE capability 9: indicate whether UE can simultaneously support Rel.18 DMRS and cross-CDM-group DMRS port combination.
· UE capability 10: indicate whether UE can simultaneously support Rel.18 DMRS and single-DCI NCJT.
· UE capability 11: indicate whether UE can simultaneously support Rel.18 DMRS and 8Rx.

	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	
	
	Basic downlink DMRS for scheduling type A
	1) Support 1 symbol FL DMRS without additional symbol(s)
2) Support 1 symbol FL DMRS and 1 additional DMRS symbol

	
	
	
	
	
	
	
	
	
	Mandatory with capability signalling

	
	
	Basic downlink DMRS for scheduling type B
	1) Support 1 symbol FL DMRS without additional symbol(s)
2) Support 1 symbol FL DMRS and 1 additional DMRS symbol

	
	
	
	
	
	
	
	
	
	

	
	
	Support 1+2 DMRS (downlink)
	Support 1 symbol front-loaded DMRS and 2 additional DMRS symbols.
	
	
	
	
	
	
	
	
	
	Optional with capability signalling

	
	
	Supported 2 symbols front-loaded DMRS (downlink)
	Support 2 symbols FL-DMRS
	
	
	
	
	
	
	
	
	
	Optional with capability signalling

	
	
	Supported 2 symbols front-loaded + 2 symbols additional DMRS (downlink)
	Support 2-symbol FL DMRS + one additional 2-symbols DMRS
	
	
	
	
	
	
	
	
	
	Optional with capability signalling

	
	
	Support 1+3 DMRS symbols(downlink)	
	Support 1 symbol FL DMRS and 3 additional DMRS symbols
	
	
	
	
	
	
	
	
	
	Optional with capability signalling

	
	
	Support DMRS type (downlink)
	Support DMRS {etype 1, both etype 1 and etype 2}
	
	
	
	
	
	
	
	
	
	Optional with capability signalling

	
	
	Support Rel-18 DMRS and processing time capability 2
	Support Rel-18 DMRS and processing time capability 2
	
	
	
	
	
	
	
	
	
	Optional with capability signalling

	
	
	Support Rel-18 DMRS and 8Rx
	Support Rel-18 DMRS and 8Rx
	
	
	
	
	
	
	
	
	
	Optional with capability signalling

	
	
	support Rel.18 DMRS and cross-CDM-group DMRS port combination
	support Rel.18 DMRS and cross-CDM-group DMRS port combination
	
	
	
	
	
	
	
	
	
	Optional with capability signalling

	
	
	support Rel.18 DMRS and NCJT transmission
	support Rel.18 DMRS and NCJT transmission
	
	
	
	
	
	
	
	
	
	Optional with capability signalling




SRS enhancement targeting TDD CJT and 8 TX operation

In last meeting, for the time domain behaviour for comb offset hopping, it has been agreed that: 
Agreement
For a SRS resource configured with comb offset hopping, if the repetition factor R > 1, within a slot, the time-domain hopping behavior depends on the OFDM symbol index l' of each symbol or the first symbol across the R repetitions based on RRC configuration, and FFS configuration details.
· UE can indicate whether it supports one or both the options. Details to be discussed in UE feature.
Given that whether to support the time-domain hopping behavior for comb offset hopping depends on the OFDM symbol index l' of each symbol (per symbol hopping) or the first symbol across the R repetitions (per R hopping) has no impact on UE complexity. Actually, the time-domain hopping behavior has some impact on SRS measurement implementation for gNB, so it should depend on gNB configuration instead of UE capability reporting. 
Note that, for CS hopping, it has been agreed that the time-domain hopping behavior is per symbol hopping. In this case, per symbol hopping should be the default configuration for comb offset hopping. 
Proposal 3-2: The time-domain behavior for comb offset hopping should be gNB configuration instead of UE capability reporting.

UE feature for <Uplink transmission enhancement >
[bookmark: _Toc131604774][bookmark: _Toc134040024]UL precoding indication for multi-panel transmission
In Rel-18, single-DCI based SDM/SFN scheme and multi-DCI based STxMP are supported for PUSCH and single-DCI based SFN scheme is supported for PUCCH. We think that separate FGs should be defined for each of these four schemes. 
Proposal 4-1: Define the following FGs to support STxMP schemes:
[bookmark: _Hlk134709171]FG 1: Indicate the support for single-DCI based SDM scheme for PUSCH
FG 2: Indicate the support for single-DCI based SFN scheme for PUSCH
FG 3: indicate the support for multi-DCI based scheme for PUSCH
FG 4: indicate the support for single-DCI based SFN scheme for PUCCH

In RAN#112, the following was agreed for a UE that supports SDM-based PUSCH:
Agreement
To support indicating DMRS ports in different CDM groups for layer combination {1+2} in SDM
· Add new entry {0, 2, 3} to the DMRS table for the layer combination {1+2}; 
· This is optional UE capability for UE that supports sDCI based STxMP SDM

Since the new entry {0, 2, 3} is only optionally supported for a UE that supports SDM PUSCH, it should be defined in a new FG whose pre-requisite is the FG for SDM PUSCH support.
Proposal 4-2: Define an FG for the support of DMRS entry {0,2,3} for single-DCI based SDM scheme for PUSCH. The FG is pre-requisited by the FG that indicates the support for single-DCI based SDM scheme for PUSCH.

It was agreed in RAN#112bis that maximal number of layers of each PUSCH of PUSCH+PUSCH overlapping in time domain can be 1 or 2 subject to UE capability is reported as UE capability.
Agreement
For STxMP PUSCH+PUSCH transmission in multi-DCI based system:
· The maximal number of layers of each PUSCH of PUSCH+PUSCH overlapping in time domain can be 1 or 2 subject to UE capability.

With above analysis, we propose the following:
Proposal 4-3: Include the following component in the FG that indicates the support for multi-DCI based scheme for PUSCH :
· The maximal number of layers of each PUSCH of PUSCH+PUSCH overlapping in time domain with the candidate values {1,2}.

	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	
	
	Single-DCI based SDM scheme of PUSCH
	Support of single-DCI based SDM scheme
	
	
	
	
	
	
	
	
	Candidate value {‘support’}
	Optional with capability signalling

	
	
	single-DCI based SFN scheme of PUSCH
	Support of single-DCI based SFN scheme
	
	
	
	
	
	
	
	
	Candidate value {‘support’}
	Optional with capability signalling

	
	
	multi-DCI based PUSCH scheme
	1) Support of multi-DCI based PUSCH scheme
2) The maximal number of layers of each PUSCH of PUSCH+PUSCH overlapping in time domain
	
	
	
	
	
	
	
	
	Component 1 candidate value {‘support’}
Component 2 candidate value {1,2}
	Optional with capability signalling


	
	
	single-DCI based SFN scheme of PUCCH
	Support of single-DCI based SFN scheme
	
	
	
	
	
	
	
	
	Candidate value {‘support’}
	Optional with capability signalling

	
	
	new DMRS port entry {0, 2, 3}
	Support of new DMRS port entry {0, 2, 3} for DCI based SDM scheme of PUSCH
	Single-DCI based SDM scheme of PUSCH
	
	
	
	
	
	
	
	Candidate value {‘support’}
	Optional with capability signalling




SRI/TPMI enhancement for enabling 8 TX UL transmission

It was agreed in RAN#110 that the support of maximal UL transmission layers for UE is reported as UE capability.
Agreement
Support up to X layers for codebook and non-codebook UL transmission for 8TX UE where X=4, 8 is determined based on separate UE capability
· For uplink transmission with rank<=4, single CW is supported
· For uplink transmission with rank>4, whether single or dual CW is used will be decided in RAN1 meeting #110b-e
The above applies only with regards to the work scope of this agenda item.
It was agreed in RAN#112 that the support of layout for UE is reported as UE capability.
Agreement
For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook, the following pairs of (N1, N2) values are supported,
· (N1, N2) = (4, 1)
· (N1, N2) = (2, 2)
A pair of (N1, N2) can be configured with subject to UE capability.

With above analysis, we propose the following:
Proposal 4-3: Following Rel.18-8TX-related UE capabilities should be introduced:
UE capability 1: indicate whether UE can support up to 8 transmission layers of PUSCH
UE capability 2: indicate the layout of UE is (N1, N2) = (4, 1) or (N1, N2) = (2, 2)

	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	
	
	Support of 8TX PUSCH
	The maximal number of transmission layers of PUSCH
	
	
	
	
	
	
	
	
	Candidate value {4,8}
	Optional with capability signalling

	
	
	Support of (N1, N2) for fully coherent precoding
	Support of (N1, N2)
	
	
	
	
	
	
	
	
	Candidate value {(4, 1), (2, 2), both (4,1) and (2,2)}
	Optional with capability signalling



[bookmark: _Ref129681832]
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]This contribution presents our views on Rel-18 UE features for NR MIMO evolution, which can be found in above for detailed comments and suggestions. Further discussion and consolidation in RAN1 is required. 


