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1 Introduction
[bookmark: OLE_LINK30]In this contribution, UE feature list for R18 LTM will be discussed.
2 Discussion
2.1 Capability of supporting RTD>CP
In RAN4#106, a UE capability is agreed to indicate that UE supports SSB based intra-frequency L1 measurement on neighbor cell when RTD of serving cell and neighbor cell is larger than CP.
	RAN4#106 (R4-2303175)

[bookmark: _Hlk128499667][bookmark: _Hlk118843704]Issue 3-2-2: Whether to consider RTD of serving cell and neighbour cell larger than one CP for intra-frequency L1-RSRP measurement
<Agreement>: 
· For SSB based intra-frequency L1 measurement, support the scenario that RTD between the SSBs of serving cell and neighbour cell on the same carrier is larger than CP length of the corresponding SCS with additional UE capability.
· Note: the need for UE capability can be further discussed subject to the outcome of the discussion on measurement framework



During the discussion of the requirements for UE capable of RTD>CP or not, we think RAN4 has common understanding that when UE claims supporting RTD>CP, 
· UE can perform measurement on multiple cells on the intra-frequency simultaneously in FR1
· UE measures different cells on the same intra-frequency layer.

Considering the fact that UE behaviours are different in FR1 and FR2, this capability needs FR1/FR2 differentiation.

As we introduced this capability for intra-frequency L1-RSRP measurement at first, later RAN4 agreed to support inter-frequency L1-RSRP measurement with Type 1 measurement gap and inter-frequency L1-RSRP measurement without gap. One issue, whether to introduce a similar UE capability to indicate UE supporting RTD> CP for inter-frequency L1 measurement, has not been discussed yet. 

In our understanding, the capability of supporting RTD>CP can be applicable to inter-frequency L1 measurement too, i.e., 
· If support inter-f L1-RSRP measurement with MG, then support inter-f L1-RSRP measurement with MG when RTD of different neighbor cells is larger than CP
· If support inter-f L1-RSRP measurement without gap, then support inter-f L1-RSRP measurement without gap when RTD of serving cell and neighbor cell(s) is larger than CP
[bookmark: _Hlk149754398]Proposal 1: The capability of supporting RTD>CP can be applicable to inter-frequency L1-RSRP measurement. It needs FR1/FR2 differentiation.
2.2 Capability for inter-f L1 measurement without gap
RAN1 has introduced UE capability 45-1a (Component 1: Support of inter- frequency L1- RSRP measurement [with and/or without gap] and reporting based on SSB(s) of candidate cell(s)) for inter-frequency L1 measurement. For inter-frequency L1 measurement, both inter-frequency L1 measurement with Type MG and inter-frequency L1 measurement without gap (target SSB within DL active BWP) are supported. A separate capability for inter-frequency L1 measurement without gap (39-2) is needed and it is necessary to make it clear that UE supports inter-frequency with Type 1 measurement gap by default if UE reports supporting 45-1a but not 39-2. Regarding the granularity, UE may use CA capability to support inter-f L1 measurement without gap, as such implementation will have less impact on UE. To leave more flexibility for UE implementation, we suggest the capability “inter-frequency with Type 1 measurement gap” can be reported per BC.
[bookmark: _Hlk149754429]
Proposal 2: Add the capability inter-frequency L1-RSRP measurement without gap in RAN4 feature list (39-2).
· Make it clear that UE supports inter-frequency with Type 1 measurement gap by default if UE reports supporting 45-1a but not 39-2
· inter-frequency L1-RSRP measurement without gap is reported per BC.
2.3 Number of cells/resources supported
Measurement capability is important to avoid leading too high UE complexity. For L3 measurement, # of frequency layers, # of cells per frequency layer and # of SSBs per cell or per frequency layer are specified in 38.133. Similar measurement capability is also necessary for L1 measurement.
In previous meetings, RAN4 has agreed to introduce a capability to indicate the supported maximum number of cells/SSBs for L1 measurement [on neighbour cell]. As summarized below, the cell(s) to be measured at the same time are different for intra-frequency & inter-frequency, and different for FR1 & FR2. For example, multiple cells can be measured simultaneously in FR1, while multiple cells will be measured in TDM fashion in FR2. The complexity to support multiple cells in FR1 and FR2 may be different. The number of neighbor cells in FR1 and FR2 may be different in the real deployment. So we propose to have separate UE capabilities to indicate the supported maximum number of cells for L1 measurement for intra-frequency and inter-frequency with MG. The capability can be reported at least with FR1/FR2 differentiation.

	Type
	FR
	RTD
	Cell(s) to measure at the same time

	Intra-f or inter-f without gap
	FR1
	RTD<CP
	Serving cells on multiple CCs
NBR cells on multiple frequency layers

	
	
	RTD>CP
	Serving cells on multiple CCs
NBR cells on a single frequency layer

	
	FR2
	-
	Single cell

	Inter-f with MG
	FR1
	-
	NBR cells on a single frequency layer

	
	FR2
	-
	Single cell


Regarding whether UE reports number of neighbor cells or number of cells including serving cell, we don’t think there is any difference. When it comes to inter-frequency, there will be no serving cell. To keep alignment between intra-frequency and inter-frequency, we prefer this capability is to report the number of neighbor cells supported to measure per frequency layer.
Regarding the minimum value, based on our real field experience, 2 neighbor cells are enough. In addition, in the whole design, NW is allowed to ask UE to measure more neighbor cells, and UE can choose # of cells within its capability to perform L1 measurement. We believe that the cell not selected by UE is less likely to be the target cell to switch to. So we propose the minimum value to be 2. 
Proposal 3: Have separate UE capabilities to indicate the supported maximum number of neighboring cells for L1 measurement for intra-frequency and inter-frequency with MG
· The minimum value reported is 2
· This capability can be reported at least with FR1/FR2 differentiation.

Regarding # of frequency layers, and # of SSBs per cell or per frequency layer, we are open to ask UE to report the capabilities or put a limitation in 38.133 as L3 measurement. For information, we summarized the limitation for L3 measurement here:
	
	
	# of frequency layer
	# of cells per frequency layer
	# of SSBs per frequency layer

	Intra-f
	FR1
	NA
	8
	14
the number of SSBs in the serving cell (except for the SCell) is not smaller than the number of configured RLM-RS SSB resources.

	
	FR2
	NA
	6
	24
at least 2 SSBs on serving cell for each of the other intra-frequency layer(s) in the same band

	Inter-f
	FR1
	13
	4
	7

	
	FR2
	13
	4
	10



As UE will first perform L3 measurement and then L1 measurement, L3 measurement can be used to filter out the candidate target cells/beams. The limitation of number of frequency layers and SSBs per frequency layer can be regarded as an upper bound for L1 measurement. We think it is enough to perform L1 measurement on the top 2 beams per cell. Top 2 beams can be estimated based on L3 measurement results. The number of SSBs per frequency layer is 6 (2 beams * 3 cells) for intra-frequency and 4 (2 beams * 2 cells) for inter-frequency. Regarding the frequency layers, we think 2 frequency layers are also enough for inter-frequency measurement.
Proposal 4: The candidate number of inter-frequency layers for L1 measurement UE supports can be 2.
Proposal 5: The candidate number of SSBs per frequency layer for L1 measurement UE supports can be 6 for intra-frequency and 4 for inter-frequency.

In RAN1 LS R1-2312573, they also asked RAN4 to discuss UE capability on “The max number of SSB resources configured to measure L1-RSRP within a slot”. In R15, a similar capability 2-24 1st component “The max number of SSB/CSI-RS (1Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-RSRP within a slot shall not exceed MB_1” was introduced as yellow highlighted below. 
	BeamManagementSSB-CSI-RS ::=        SEQUENCE {
    maxNumberSSB-CSI-RS-ResourceOneTx   ENUMERATED {n0, n8, n16, n32, n64},
    maxNumberCSI-RS-Resource            ENUMERATED {n0, n4, n8, n16, n32, n64},
    maxNumberCSI-RS-ResourceTwoTx       ENUMERATED {n0, n4, n8, n16, n32, n64},
    supportedCSI-RS-Density             ENUMERATED {one, three, oneAndThree}                                       OPTIONAL,
    maxNumberAperiodicCSI-RS-Resource   ENUMERATED {n0, n1, n4, n8, n16, n32, n64}
}


	beamManagementSSB-CSI-RS
Defines support of SS/PBCH and CSI-RS based RSRP measurements. The capability comprises signalling of
-    maxNumberSSB-CSI-RS-ResourceOneTx indicates maximum total number of configured one port NZP CSI-RS resources and SS/PBCH blocks that are supported by the UE to measure L1-RSRP as specified in TS 38.215 [13] within a slot and across all serving cells (see NOTE). On FR2, it is mandatory to report >=8; On FR1, it is mandatory with capability signalling to report >=8.
-    maxNumberCSI-RS-Resource indicates maximum total number of configured NZP-CSI-RS resources that are supported by the UE to measure L1-RSRP as specified in TS 38.215 [13] across all serving cells (see NOTE). It is mandated to report at least n8 for FR1.
-    maxNumberCSI-RS-ResourceTwoTx indicates maximum total number of two ports NZP CSI-RS resources that are supported by the UE to measure L1-RSRP as specified in TS 38.215 [13] within a slot and across all serving cells (see NOTE).
-    supportedCSI-RS-Density indicates density of one RE per PRB for one port NZP CSI-RS resource for RSRP reporting, if supported. On FR2, it is mandatory to report either "three" or "oneAndThree"; On FR1, it is mandatory with capability signalling to report either "three" or "oneAndThree".
-    maxNumberAperiodicCSI-RS-Resource indicates maximum number of configured aperiodic CSI-RS resources across all serving cells (see NOTE). For FR1 and FR2, the UE is mandated to report at least n4.
NOTE:    If the UE sets a value other than n0 in an FR1 band, it shall set that same value in all FR1 bands. If the UE sets a value other than n0 in an FR2 band, it shall set that same value in all FR2 bands. The UE supports a total number of resources equal to the maximum of the FR1 and FR2 value, but no more than the FR1 value across all FR1 serving cells and no more than the FR2 value across all FR2 serving cells.
	Band
	Yes
	N/A
	FD



In our understanding, this capability is to reflect the number of RSs UE can measure simultaneously within a slot. For inter-frequency with MG or FR2, as UE can only perform L1 measurement on one frequency layer or one cell on each occasion, we don’t need such a capability for inter-frequency with MG or FR2. For intra-frequency and inter-frequency without gap in FR1, it is likely for UE to perform L1 measurement on multiple frequency layers or multiple cells. As discussed above, a capability indicating # of neighbor cells UE supported per frequency will be defined. And we think RAN4 should introduce UE capabilities or put a constraint on #of frequency layers and # of SSBs per frequency layer. As long as such capabilities or constraints are defined, they will put a limitation on # of RSs within a slot. So we don’t need such a capability. 
[bookmark: _Hlk149754477]Proposal 6: No need to introduce a capability to indicate “The max number of SSB resources for L1-RSRP measurement that UE can measure within a slot across candidate cells”. 
2.4 Interruption on DL symbols due to PDCCH-ordered RACH
In RAN4#108bis, RAN4 agreed to introduce a UE capability to indicate whether there will be interruption on DL during PDCCH order RACH transmission to target cell. In this part, we want to further discuss the details.

	RAN4#108bis (R4-2317330)
< Agreement>
· Leave the interruption on UL during PDCCH order RACH transmission to RAN1
· Introduce a UE capability to indicate whether there will be interruption on DL during PDCCH order RACH transmission to target cell. FFS the details of the capability.


As shown in the following table, whether there will be interruption on a particular serving cell, it highly depends on the serving band combination, target cell’s frequency and the victim CC. The capability should be reported for each pair of target frequency for RACH transmission and any victim frequency band within a band combo.
	Serving cell
	Target cell
	UE capability
	Interruption on DL or not 

	f1 on band A
	f2 on band A
	UE supports f1+f2 CA
	Maybe no interruption on DL in f1

	
	
	UE does not support f1+f2 CA
	interruption on DL in f1

	f1 on band A
	f1
	-
	No interruption on DL in f1

	Inter-band CA
f1 on band A
f2 on band B
	f3 on band C
	UE supports f1+f3 CA, and does not support f2+f3 CA.
	Maybe no interruption on DL in f1
Interruption on DL in f2

	
	
	UE supports f2+f3 CA, and does not support f1+f3 CA
	Interruption on DL in f1
Maybe no interruption on DL in f2

	
	
	UE supports f1+f3 CA and f2+f3 CA, but does not support f1+f2+f3 CA
	At least have interruption on DL in either f1 or f2.
Depend on reported UE capability.

	
	
	UE supports f1+f2+f3 CA
	Maybe no interruption on DL in both f1 and f2

	
	
	UE does not support either f1+f3 CA or f2+f3 CA
	Interruption on DL in both f1 and FR2


[bookmark: _Hlk149754511][bookmark: _Hlk149746394]Proposal 7: Regarding the capability for interruption on DL symbols due to PDCCH-ordered RACH, the reported granularity is [per BC per target frequency per victim CC].
2.5 Early ASN.1 decoding and validity/compliance check before cell switch
[bookmark: _Hlk149852140][bookmark: _Hlk149806455]RAN4 agreed to introduce a new optional UE capability for early ASN.1 decoding and validity/compliance check. As discussed in our contribution R4-2401910, TCI state activation can be used as a trigger command for early ASN.1 decoding and validity/compliance check. 
[bookmark: _Hlk149754529]Proposal 8: Use TCI state activation to trigger early ASN.1 decoding and validity/compliance check on the candidate cell with the following conditions
· NW activates TCI state(s) from only one candidate cell across all frequency layers
· Not to consider CA.
Regarding the granularity, we think it can be per UE.
Proposal 9: The capability for early ASN.1 decoding and validity/compliance check can be reported per UE basis.
2.6 Capability for shorter processing time
As discussed in our contribution R4-2401910, we prefer to introduce an optional UE capability for shorter processing time. Last meeting RAN4 allowed interruption during TLTM-RRC-processing. This gives UE more flexibility. We propose a shorter processing time 15ms for intra-FR cell switch without any other applicable conditions.
[bookmark: _Hlk158047377]Proposal 10: In cell switch delay requirements, introduce a UE capability for shorter TLTM-processing. The candidate values can be 15ms for intra-FR cell switch.
3 Summary
In this paper, we discussed the UE feature list for LTM. We have the following proposals and the details of the features are provided in section 4.
[bookmark: _Hlk94866332]Proposal 1: The capability of supporting RTD>CP can be applicable to inter-frequency L1-RSRP measurement. It needs FR1/FR2 differentiation.
Proposal 2: Add the capability inter-frequency L1-RSRP measurement without gap in RAN4 feature list (39-2).
· Make it clear that UE supports inter-frequency with Type 1 measurement gap by default if UE reports supporting 45-1a but not 39-2
· inter-frequency L1-RSRP measurement without gap is reported per BC.
Proposal 3: Have separate UE capabilities to indicate the supported maximum number of neighboring cells for L1 measurement for intra-frequency and inter-frequency with MG
· The minimum value reported is 2
· This capability can be reported at least with FR1/FR2 differentiation.
Proposal 4: The candidate number of inter-frequency layers for L1 measurement UE supports can be 2.
Proposal 5: The candidate number of SSBs per frequency layer for L1 measurement UE supports can be 6 for intra-frequency and 4 for inter-frequency.
Proposal 6: No need to introduce a capability to indicate “The max number of SSB resources for L1-RSRP measurement that UE can measure within a slot across candidate cells”. 
Proposal 7: Regarding the capability for interruption on DL symbols due to PDCCH-ordered RACH, the reported granularity is [per BC per target frequency per victim CC].
Proposal 8: Use TCI state activation to trigger early ASN.1 decoding and validity/compliance check on the candidate cell with the following conditions
· NW activates TCI state(s) from only one candidate cell across all frequency layers
· Not to consider CA.
Proposal 9: The capability for early ASN.1 decoding and validity/compliance check can be reported per UE basis.
Proposal 10: In cell switch delay requirements, introduce a UE capability for shorter TLTM-processing. The candidate values can be 15ms for intra-FR cell switch.








4 UE feature list
	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
(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

	39.
NR_Mob_enh2
	39-1
	SSB based L1-RSRP measurements for multiple cells with RTD > CP 
	Capability of SSB based L1-RSRP measurements for more than 1 Cells with RTD > CP in one frequency layer


	45-1, or 45-1a from RAN1 Rel-18 feature list, or 39-2

	Yes
	No
	[NW does not know which requirements UE will follow]
	[Per UE]

	No
	Yes 
	N/A
	Note: the max number of cells is up to 39-3-1 or 39-3a-1
	Optional with capability signaling

	39.
NR_Mob_enh2
	39-2
	SSB based inter-frequency L1-RSRP measurements without gap
	Capability of SSB based 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 band/BC]
	No
	No
	N/A
	Note: UE supports inter-frequency  with Type 1 measurement gap by default if UE reports supporting 45-1a but not 39-2.
	Optional with capability signaling

	39.
NR_Mob_enh2
	39-3-1
	Number of neighbour cells to be measured per intra-frequency layer
	Capability of number of neighbour cells to be measured for L1-RSRP per intra-frequency layer

	45-1 from RAN1 Rel-18 feature list


	Yes
	No
	NW does not know the max number of cells UE can measure
	[per UE / Per band]
	No
	[No]
	N/A
	Candidate values: 2, 3, [… TBD]
	Mandatory with capability signaling if UE supports 45-1

	39.
NR_Mob_enh2
	39-3-2
	[Number of SSB resources for L1-RSRP measurement within a slot]
	[bookmark: _Hlk158040982]The max number of SSB resources for L1-RSRP measurement that UE can measure within a slot across candidate cells for intra- and inter-frequency without gap L1-RSRP measurement
FFS: This capability may be discussed in RAN1?
	45-1 from RAN1 Rel-18 feature list and/or 39-2
	Yes
	No
	NW does not know the max number of SSB resources for L1-RSRP measurement that  UE can measure within a slot across candidate cells for intra- and inter-frequency without gap L1-RSRP measurement
	Per band
	No
	Yes
	N/A
	Note:  It is also counted in FG 2-24
	Mandatory with capability signaling if UE supports 45-1 or 39-2

	
	39-3-2
	[Number of SSB resources for L1-RSRP measurement per intra-frequency layer]
	The max number of SSB resources for L1-RSRP measurement that UE can measure per intra-frequency layer
FFS: define a value in 38.133 as L3 measurement or introduce a UE capability
	45-1 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 UE
	No
	Yes
	No
	
	Mandatory with capability signaling if UE supports 45-1

	
	[39-3-3]
	[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
1. The max number of frequency layers configured to measure for inter-frequency L1-RSRP measurement with measurement gap 
FFS: define a value in 38.133 as L3 measurement or introduce a UE capability
	45-1 and/or 39-2 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 UE
	No
	Yes
	No
	
	Mandatory with capability signaling if UE supports 45-1, 45-1a, 39-2

	39.
NR_Mob_enh2
	39-3a-1
	Number of neighbour cells to be measured for L1-RSRP inter-frequency layer
	Capability of number of neighbour 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 UE / Per band]

	No
	[No]
	N/A
	Candidate values: 2, 3, [… TBD]
	Mandatory with capability signaling if UE supports 45-1a

	39.
NR_Mob_enh2
	39-3a-2
	[Number of SSB resources for L1-RSRP measurement per inter-frequency layer]
	The max number of SSB resources for L1-RSRP measurement that UE can measure per inter-frequency layer
FFS: define a value in 38.133 as L3 measurement or introduce a UE capability
	39-2, 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 UE
	No
	Yes
	No
	
	Mandatory with capability signaling if UE supports 45-1a

	39.
NR_Mob_enh2
	39-4
	Interruption on DL slot(s) due to PDCCH- ordered RACH transmission
	Capability on whether UE may cause interruption on DL slot(s) on serving cells due to PDCCH-ordered RACH transmission
	45-5
	Yes
	No
	UE does not cause interruptions on UL&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.
NR_Mob_enh2
	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 of which the resources are not fully contained in any of UE’s configured UL BWP(s) of active serving cells
	45-5
	Yes
	No
	Network does not know whether UE supports the case that RACH bandwidth is outside of any configured BWP and the corresponding length of the interruption
	[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
	Candidate values for interruption length Y = 0.25, 0.5, 1 and 2
	Optional with capability signaling

	39.
NR_Mob_enh2
	39-5
	Early ASN.1 decoding and validity check before cell switch
	Capability of early RRC decoding and validity check before cell switch to skip TLTM_RRC-processing delay (refer to TS 38.133)]. 

Note: Additional conditions to apply the capability is FFS in RAN4. Additional components may be introduced to this FG later
	45-3a or 45-4a in RAN1 feature list
	Yes
	No
	TLTM_RRC-processing delay will not be skipped, i.e., 10ms
	[Per UE]
	No
	Yes
	N/A
	
	Optional with capability signaling

	39.
NR_Mob_enh2
	[39-6]
	[Shorter UE processing time during cell switch]
	Capability of reduced TLTM_processing delay (refer to TS 38.133)].
1. Support of reduced TLTM_processing for cell switch from FR1 to FR1.
1. Support of reduced TLTM_processing for cell switch from FR2 to FR2.
1. Support of reduced TLTM_processing for cell switch from FR1/FR2 to FR2/FR1.

Note: Additional conditions to apply the capability is FFS in RAN4. Additional components may be introduced to this FG later
	
	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



