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Introduction
This contribution provides analysis on UE capability for R18 LTM feature.
Discussion
Regarding L1-RSRP measurement in LTM, RAN1 agreed FG 45-1 and 45-1a as below. 
	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

	45. NR_Mob_enh2
	45-1
	Intra-frequency L1 measurement and reports for L1-L2 Triggered Mobility (LTM) procedure
	[bookmark: _Hlk157189803]1. Support of intra-frequency L1- RSRP measurement and reporting based on SSB(s) of candidate cell(s) 
2. Maximum number of RRC configured candidate cells for intra-frequency L1-RSRP measurement
4. Support of up to L candidate cells and M beams in one report where a SSBRI-RSRP pair is used for each beam report for intra-frequency L1-RSRP measurement  
5. Maximum number of LTM CSI report configs
	2-21 or 2-22 or 2-23 or 2-23a
	Yes
	No
	UE does not support intra-frequency L1 measurement and reports for Rel-18 LTM operation
	[Per band/BC]
	No
	No
	n/a
	Component 2 candidate values: {1,2,3,4,5,6,7,8}

Component 4 candidate values: 
L: {1, 2,3,4}
M: {1, 2,3,4}
M  L: {1,2,3,4, 6, 8, 9, 12, 16}

Component 5 candidate values: 
Aperiodic: {0,1,2,3,4}
Periodic: {1,2,3,4}
Semi-persistent: {0,1,2,3,4}
	Optional with capability signalling

	45. NR_Mob_enh2
	45-1a
	Inter-frequency L1 measurement and reports for L1-L2 Triggered Mobility (LTM) procedure
	1. Support of inter- frequency L1- RSRP measurement and reporting based on SSB(s) of candidate cell(s) 
2. Maximum number of RRC configured candidate cells for intra- and inter-frequency L1-RSRP measurement
4. Support of up to L candidate cells and M beams in one report where a SSBRI-RSRP pair is used for each beam report for intra- and inter-frequency L1-RSRP measurement
	2-21 or 2-22 or 2-23 or 2-23a, 45-1
	Yes
	No
	UE does not support inter-frequency L1 measurement and reports for Rel-18 LTM operation
	[Per band/BC]
	No
	No
	n/a
	Component 2 candidate values: {1,2,3,4,5,6,7,8}

Component 4 candidate values: 
L: {1,2,3,4}
M: {1,2,3,4}
M  L: {1,2,3,4, 6, 8, 9, 12, 16}
	Optional with capability signalling


An RAN1 LS asks RAN4 to further discuss more L1-RSRP related UE capabilities.
	To RAN WG4
ACTION: For RAN1 FG 45-1 under the NR_Mob_enh2 WID, RAN1 respectfully asks RAN4 to discuss the following UE capabilities
· Maximum number of measured candidate cells for all periodic reports, activated semi-persistent reports, and triggered aperiodic reports at a given time
· For RTD <= CP
· The max number of SSB resources configured to measure L1-RSRP within a slot across candidate cells
· The max number of SSB resources configured for L1-RSRP across all the candidate cells
· RTD > CP
· The max number of SSB resources configured to measure L1-RSRP within a slot across candidate cells
· The max number of SSB resources configured for L1-RSRP across all the candidate cells

ACTION: For RAN1 FG 45-1a under the NR_Mob_enh2 WID, RAN1 respectfully asks RAN4 to discuss the following UE capabilities
· Maximum number of measured candidate cells for all periodic reports, activated semi-persistent reports, and triggered aperiodic reports at a given time
· With gap
· The max number of SSB resources configured to measure L1-RSRP within a slot across candidate cells for intra- and inter-frequency L1-RSRP measurement
· The max number of SSB resources configured across all the candidate cells for intra- and inter-frequency L1-RSRP measurement
· Without gap 
· The max number of SSB resources configured to measure L1-RSRP within a slot across candidate cells for intra- and inter-frequency L1-RSRP measurement
· The max number of SSB resources configured across all the candidate cells for intra- and inter-frequency L1-RSRP measurement



Component 2 of RAN1 FG 45-1 is maximum number of RRC configured candidate cells for intra-frequency L1-RSRP measurement. Component 2 candidate values is {1,2,3,4,5,6,7,8}. In LS [1], RAN1 ask RAN4 to discuss the maximum number of measured candidate cells for reporting including periodic, semi-persistent, and aperiodic reporting. Essentially, the number of measured candidate cells for reporting is equal to the number of measured candidate cells. In general, the number of configured candidate cells shall not exceed the number of measured candidate cells.
Proposal 1: Introduce a UE capability: the number of candidate cells to be measured for intra-frequency L1-RSRP measurement. The candidate value is the same as component 2 candidate value of RAN1 FG 45-1.
In RAN4, UE can support inter-frequency without gap in LTM, where the the inter-frequency cell’s SSB is completely contained in the DL active BWP. It shall be noted that in R18 LTM, the inter-frequency L1-RSRP measurement without gap doesn’t consider the case that UE has additional RF chain, e.g. NeedForGapNCSG-InfoNR. We suppose to introduce a capability of Inter-frequency L1-RSRP measurements without gap for LTM.
Proposal 2: Introduce a UE capability: support inter-frequency L1-RSRP measurements without gap for LTM.
As the inter-frequency SSB falls in the active BWP of serving cell, UE has no need to switch RF chain. Then UE measurement behaviours on in inter-frequency without gap frequency layer is the same as intra-frequency layer (where only intra-frequency L1 measurement without gap is considered in R18 LTM). Therefore the L1 RSRP measurement capability of distinguishing RTD>CP and <=CP shall include both intra-frequency and inter-frequency without gap measurement.
The max number of SSB resources configured to measure L1-RSRP within a slot across cells reflects the UE capability of processing SSB resources. The max number of SSB resources configured for L1-RSRP across all cells reflects the UE buffer capability. From UE implementation perspective, these capabilities are supposed to take both serving cells and candidate cells into account. Therefore we propose to define UE processing and buffer capabilities for (both serving cells and candidate cells) rather than (only for candidate cells).
For RTD<=CP, the max number of SSB resources configured to measure L1-RSRP within a slot across serving cells and candidate cells on all CCs depends on the UE processing capability within a slot. From UE implementation perspective, the candidate value can be{1,2,3,4,7,8}. Regarding the max number of SSB resources configured for L1-RSRP across serving cells on all CCs, the buffer capability can be relatively relaxed. The candidate value can be {2,4,8,12,16,32,64}.
Proposal 3: Introduce a UE capability: L1-RSRP measurements for multiple cells with RTD<= CP, two components:
1. The max number of SSB resources configured to measure L1-RSRP within a slot across serving cells and candidate cells for intra- and inter-frequency without gap L1-RSRP measurement. Candidate values: {1,2,3,4,7,8}.
2. The max number of SSB resources configured for L1-RSRP across serving cells and candidate cells for intra- and inter-frequency without gap L1-RSRP measurement. Candidate values: {2,4,8,12,16,32,64}.
In our view, the RTD <= CP intra-frequency L1-RSRP measurement should be the basic feature group. A UE who supporting RTD > CP can also support RTD<= CP scenario. As we know, for FG 45-1a inter-frequency L1 measurement for LTM, the components include both intra-frequency and inter-frequency measurements. The similar principle can be reused for defining FG RTD > CP.

	45-1a
	Inter-frequency L1 measurement and reports for L1-L2 Triggered Mobility (LTM) procedure
	1. Support of inter- frequency L1- RSRP measurement and reporting based on SSB(s) of candidate cell(s) 
2. Maximum number of RRC configured candidate cells for intra- and inter-frequency L1-RSRP measurement
4. Support of up to L candidate cells and M beams in one report where a SSBRI-RSRP pair is used for each beam report for intra- and inter-frequency L1-RSRP measurement


Proposal 4: Introduce a UE capability: L1-RSRP measurements for multiple cells with RTD> CP, two components:
1. The max number of SSB resources configured to measure L1-RSRP for RTD<=CP and RTD>CP within a slot across serving cells and candidate cells for intra- and inter-frequency without gap L1-RSRP measurement. Candidate values: {1,2,3,4,7,8}.
2. The max number of SSB resources configured for L1-RSRP for RTD<=CP and RTD>CP across serving cells and candidate cells for intra- and inter-frequency without gap L1-RSRP measurement. Candidate values: {2,4,8,12,16,32,64}.
Regarding the second “ACTION” (regarding FG 45-1a) in RAN1 LS [1], the maximum number of measured candidate cells for periodic, semi-persistent and aperiodic reports is equal to the number of measured candidate cells. 
It is reasonable to introduce capability of number of candidate cells to be measured for L1-RSRP inter-frequency per frequency layer. The candidate value is {1,2,..TBD}.
Proposal 5: Introduce a UE capability: number of candidate cells to be measured for L1-RSRP inter-frequency per frequency layer. The candidate value: {1 ,2, …, TBD}.
It has been discussed above that R18 inter-frequency without gap measurement in LTM only considers the case that SSB is within active BWP. From UE measurement behaviour perspective, it is the same as intra-frequency measurement. So the capabilities of inter-frequency measurement w/o gap can be merged with intra-frequency measurement and the details are included in proposal 2, 3 and 4.
Proposal 6: The capabilities of inter-frequency measurement w/o gap can be merged with intra-frequency measurement and the details are included in proposal 2, 3 and 4.
In R18 LTM, only L1-RSRP intra-frequency without gap is considered. So “with gap” in the second “ACTION” in RAN1 LS only includes inter-frequency with gap. We propose to introduce a UE capability of Inter-frequency L1-RSRP measurements with gap. Similar as intra-frequency measurement, the capability includes two components:
1. The max number of SSB resources configured to measure L1-RSRP within a slot across candidate cells for inter-frequency L1-RSRP measurement. 
2. The max number of SSB resources configured across all the candidate cells for inter-frequency L1-RSRP measurement.
Proposal 7: Introduce a UE capability: Inter-frequency L1-RSRP measurements with gap, two components:
1. The max number of SSB resources configured to measure L1-RSRP within a slot across candidate cells for inter-frequency L1-RSRP measurement. Candidate values: {1,2,3,4,7,8}.
2. The max number of SSB resources configured across all the candidate cells for inter-frequency L1-RSRP measurement. Candidate values: {2,4,8,12,16,32,64}.
As we know, in legacy RAN4 capability for inter-frequency measurement, RAN4 would specify the number of frequency layers. To inherent the legacy way, one capability of Number of frequency layers for L1-RSRP measurement can be introduced:
Proposal 8: Introduce a UE capability: Number of frequency layers for L1-RSRP measurement. The candidate value is {1, 2, …, TBD}.
During RAN4 specifying requirements for LTM, RAN4 agreed to introduce additional below capabilities due to PDCCH ordered RACH and reduced LTM delay:
	Feature group
	Components

	Interruption on DL slot(s) due to PDCCH- ordered RACH transmission
	Capability on whether UE causes interruption on DL slot(s) on serving cells due to PDCCH-ordered RACH transmission

	Interruption due to RF retuning for PDCCH- ordered RACH
	Indicates the interruption length (Y ms) due to RF re-tuning for PDCCH ordered RACH when PRACH bandwidth is not within any of the configured UL BWPs of any active serving cell

	Early ASN.1 decoding and validity check before cell switch
	Capability of early ASN.1 decoding and validity check before cell switch to skip TLTM_RRC-processing


	[Shorter UE processing time during cell switch]
	Capability of reduced TLTM_processing delay when target Pcell/SCell is current SCell/PCell




Proposal 9: Define the above UE capabilities due to PDCCH ordered RACH and reduced LTM delay.
Conclusions
This contribution provides further analysis on L1/L2 based inter-cell mobility for mobility latency reduction. The following proposals are provided:
Proposal 1: Introduce a UE capability: the number of candidate cells to be measured for intra-frequency L1-RSRP measurement. The candidate value is the same as component 2 candidate value of RAN1 FG 45-1.
Proposal 2: Introduce a UE capability: support inter-frequency L1-RSRP measurements without gap for LTM.
Proposal 3: Introduce a UE capability: L1-RSRP measurements for multiple cells with RTD<= CP, two components:
1. The max number of SSB resources configured to measure L1-RSRP within a slot across serving cells and candidate cells for intra- and inter-frequency without gap L1-RSRP measurement. Candidate values: {1,2,3,4,7,8}.
2. The max number of SSB resources configured for L1-RSRP across serving cells and candidate cells for intra- and inter-frequency without gap L1-RSRP measurement. Candidate values: {2,4,8,12,16,32,64}.
Proposal 4: Introduce a UE capability: L1-RSRP measurements for multiple cells with RTD> CP, two components:
1. The max number of SSB resources configured to measure L1-RSRP for RTD<=CP and RTD>CP within a slot across serving cells and candidate cells for intra- and inter-frequency without gap L1-RSRP measurement. Candidate values: {1,2,3,4,7,8}.
2. The max number of SSB resources configured for L1-RSRP for RTD<=CP and RTD>CP across serving cells and candidate cells for intra- and inter-frequency without gap L1-RSRP measurement. Candidate values: {2,4,8,12,16,32,64}.
Proposal 5: Introduce a UE capability: number of candidate cells to be measured for L1-RSRP inter-frequency per frequency layer. The candidate value: {1 ,2, …, TBD}.
Proposal 6: The capabilities of inter-frequency measurement w/o gap can be merged with intra-frequency measurement and the details are included in proposal 2, 3 and 4.
Proposal 7: Introduce a UE capability: Inter-frequency L1-RSRP measurements with gap, two components:
1. The max number of SSB resources configured to measure L1-RSRP within a slot across candidate cells for inter-frequency L1-RSRP measurement. Candidate values: {1,2,3,4,7,8}.
2. The max number of SSB resources configured across all the candidate cells for inter-frequency L1-RSRP measurement. Candidate values: {2,4,8,12,16,32,64}.
Proposal 8: Introduce a UE capability: Number of frequency layers for L1-RSRP measurement. The candidate value is {1, 2, …, TBD}.
Proposal 9: Define below UE capabilities due to PDCCH ordered RACH and reduced LTM delay.
	Feature group
	Components

	Interruption on DL slot(s) due to PDCCH- ordered RACH transmission
	Capability on whether UE causes interruption on DL slot(s) on serving cells due to PDCCH-ordered RACH transmission

	Interruption due to RF retuning for PDCCH- ordered RACH
	Indicates the interruption length (Y ms) due to RF re-tuning for PDCCH ordered RACH when PRACH bandwidth is not within any of the configured UL BWPs of any active serving cell

	Early ASN.1 decoding and validity check before cell switch
	Capability of early ASN.1 decoding and validity check before cell switch to skip TLTM_RRC-processing


	[Shorter UE processing time during cell switch]
	Capability of reduced TLTM_processing delay when target Pcell/SCell is current SCell/PCell



The summary on LTM FG is provided:
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	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 (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	　
	39-1-1
	Number of candidate cells to be measured for intra-frequency L1-RSRP measurement
	Capability of Number of candidate cells to be measured for intra-frequency L1-RSRP measurement
	45-1 from RAN1 Rel-18 feature list
	Yes
	No
	NW does not know the max number of cells UE can measure
	Per BC
	No
	[No]
	N/A
	Candidate values:  {1,2, TBD}
	Mandatory with capability signaling if UE supports 45-1

	　
	39-1-2
	L1-RSRP measurements for multiple cells with RTD<= CP 
	
1. The max number of SSB resources configured to measure L1-RSRP within a slot across serving cells and candidate cells for intra- and inter-frequency without gap L1-RSRP measurement
2. The max number of SSB resources configured for L1-RSRP across serving cells and candidate cells for intra- and inter-frequency without gap L1-RSRP measurement
	45-1 from RAN1 Rel-18 feature list and/or 39-2a
	Yes
	No
	[NW does not know which requirements UE will follow]
	Per BC
	No
	Yes 
	N/A
	Component 1 candidate values: {1,2,3,4,78} for candidate cells/{1,2,4,8} for both

Component 2
candidate values:
{2,4,8,12,16,32,64}
	Optional with capability signaling

	39
	39-1-3

	L1-RSRP measurements for multiple cells with RTD > CP 
	
1. The max number of SSB resources configured to measure L1-RSRP for RTD<=CP and RTD>CP within a slot across serving cells and candidate cells for intra- and inter-frequency without gap L1-RSRP measurement 
2. The max number of SSB resources configured for L1-RSRP for RTD<=CP and RTD>CP across serving cells and candidate cells for intra- and inter-frequency without gap L1-RSRP measurement
	45-1 from RAN1 Rel-18 feature list and/or 39-1-2，39-2a
	Yes
	No
	[NW does not know which requirements UE will follow]
	Per BC
	No
	Yes 
	N/A
	Component 1 candidate values: {1,2,3,4,78} for candidate cells

Component 2
candidate values:
{2,4,8,12,16,32,64}
	Optional with capability signaling

	
	39-2-1

	Inter-frequency L1-RSRP measurements with gap
	1. The max number of SSB resources configured to measure L1-RSRP within a slot across candidate cells for inter-frequency L1-RSRP measurement 
2. The max number of SSB resources configured across all the candidate cells for inter-frequency L1-RSRP measurement
	45-1, or 45-1a from RAN1 Rel-18 feature list
	Yes
	No
	NW does not know the max number of SSB resources for L1-RSRP measurement that  UE can measure per frequency layer
	Per BC
	No
	Yes
	No
	Component 1 candidate values: {1,2,3,4,78} for candidate cells

Component 2
candidate values:
{2,4,8,12,16,32,64}
	Mandatory with capability signaling if UE supports 45-1a

	
	39-2-2
	Number of candidate cells to be measured for L1-RSRP inter-frequency layer
	Capability of number of candidate cells to be measured for L1-RSRP inter-frequency per frequency layer
	45-1a from RAN1 Rel-18 feature list
	Yes
	No
	NW does not know the max number of cells UE can measure
	Per BC
	No
	[No]
	N/A
	Candidate values:1,2,,TBD
	Mandatory with capability signaling if UE supports 45-1a

	
	39-2a
	Inter-frequency L1-RSRP measurements without gap
	Capability of Inter-frequency L1-RSRP measurements without gap for LTM
	45-1a and 9-4
	Yes
	No
	UE does not support inter-frequency L1-RSRP measurements without gap
	Per BC
	No
	No
	N/A
	Note: UE supports inter-frequency  with Type 1 measurment gap by default if UE reports supporting 45-1a but not 39-3.
	Optional with capability signaling

	
	39-3
	Number of frequency layers for L1-RSRP measurement
	
1. The max number of frequency layers configured to measure for intra- and inter-frequency without gap L1-RSRP measurement
2. The max number of frequency layers configured to measure for inter-frequency L1-RSRP measurement with measurement gap 
	45-1 and/or 39-2a or 45-a from RAN1 Rel-18 feature list
	Yes
	No
	NW does not know the max number of frequency layers UE can measure
	Per BC
	No
	Yes
	No
	Component 1 Candidate values: 1,2 TBD
Component 2 Candidate values: 1,2 TBD
	Mandatory with capability signaling if UE supports 45-1, 45-1a, 39-2

	
	39-4
	Interruption on DL slot(s) due to PDCCH- ordered RACH transmission
	Capability on whether UE causes interruption on DL slot(s) on serving cells due to PDCCH-ordered RACH transmission
	45-5
	Yes
	No
	UE does not cause interruptions on DL slots on serving cells due to PDCCH-ordered RACH transmission
	[Per band pair] (between the target band for RACH transmission and band under UE’s current band combo) per band combination
	No
	No
	N/A
	　
	Optional with capability signaling

	
	39-4a
	Interruption due to RF retuning for PDCCH- ordered RACH
	Indicates the interruption length (Y ms) due to RF re-tuning for PDCCH ordered RACH when PRACH bandwidth is not within any of the configured UL BWPs of any active serving cell
	45-5
	Yes
	No
	Network does not know the length of the interruption
	[Per BC]
	No
	No
	N/A
	Candidate values for interruption length Y = 0.25, 0.5, 1 and 2
	Optional with capability signaling

	
	39-5
	Early ASN.1 decoding and validity check before cell switch
	Capability of early ASN.1 decoding and validity check before cell switch to skip TLTM_RRC-processing
	Component 6 of 45-3 or 45-4
	Yes
	No
	TLTM_RRC-processing delay will not be skipped, i.e., 10ms
	[Per UE]
	No
	No
	N/A
	　
	Optional with capability signaling

	
	　39-6
	[Shorter UE processing time during cell switch]
	Capability of reduced TLTM_processing delay when when target Pcell/SCell is current SCell/PCell
	Component 6 of 45-3 or 45-4
	Yes
	No
	TLTM_processing delay will not be reduced, i.e., 20ms for intra-FR cell switch and 40ms for inter-FR cell switch
	[Per UE]
	No
	No
	N/A
	Candidate values: TBD
	Optional with capability signaling
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