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Introduction
In RAN4 #109, the WF and LS to RAN2 [1], [2] are approved. However, most of the RAN4 UE features for LTM are not yet stable according to [1], hence no details are captured in [2]. In [3], RAN1 has also sent one LS explicitly asking RAN4 some questions.
Based on all above information, we provide our views on RAN4 UE features for R18 LTM.
Discussion
<On intra-frequency L1 measurement for LTM>
In [3], the following question is enclosed.
	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



For the RTD cited here, our understanding is that, by defining proper scheduling restriction and measurement restriction on the LTM L1 measurements, UE may perform LTM L1 measurement based on the Rx timing of one of the neighbour cells, as proposed in our companion paper [4]. Hence, RTD here should be the Rx timing difference of the cells which UE is required to measure on the corresponding SSB occasions. 
Considering this, for the case of UE not supporting RTD > CP, in our view UE shall follow legacy behaviour, and UE shall perform L1 measurement based on one Rx timing within a slot. If so, the max number of SSBs within a slot or max number of SSBs configured to measure for all slots shall follow legacy definition.
For the case of UE supporting RTD > CP, actually RAN4 assumes UE performs multiple-FFT based measurement, and the measurement is performed in a layer-by-layer manner. With this, it is reasonable to define UE capability on the number of L1 measurement layer to be supported, if needed, and on the number of resources to be measured per layer
Proposal 1  Define 2 separate FGs: UE not supporting RTD > CP and UE supporting RTD > CP.
· For FG of UE NOT supporting RTD>CP for each L1 measurement layer, define components on the max number of SSBs within a slot or max number of SSBs configured, same as legacy UE capability design.
· For FG of UE supporting RTD>CP for each L1 measurement layer, define components based on the number of SSB Layers and the number of resources to measure per-layer.
Regarding the UE capability on the number of cells to be measured, RAN4 has made the following agreements in previous meeting.
	RAN4 #107 Agreements
Issue 2-2-1: Whether to use final L3 measurement results for L1 measurement report
<Agreement>
· Baseline: UE is NOT expected to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report
· UE shall support L1 measurements for at least [2 or 3] neighboring cells



Our understanding is that, ‘at least [2 or 3]’ here is the total for the LTM L1 measurement on all the frequency layers. Regarding the number of cells, in our view UE shall be able to at least ‘memorize’ the DL timing of each cell for L1 measurement, hence it should not be a pretty large value as in legacy ICBM in FR1. For the case of UE not supporting RTD < CP, it should be a value for all the frequency layers. For UE supporting RTD > CP, it should be a value for each frequency layer, since UE performs L1 measurement in a layer-by-layer manner.
Proposal 2  For the capability on the number of cells to be measured:
· For UE NOT supporting RTD>CP FG, define component based on the max number of cells on which L1 measurement is to be performed for all the frequency layer.
· For UE supporting RTD>CP FG, define components based on the max number of cells on which L1 measurement is to be performed per SSB frequency layer.

<On inter-frequency L1 measurement for LTM>
In [3], the following question is enclosed.
	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



In the attached RAN1 UE feature list in [3], 2 separate FGs are introduced for intra-frequency L1 measurements and inter-frequency L1 measurements, respectively. For 45-1a, i.e. FG for inter-frequency L1 measurements, our understanding is that UE may support either the with-gap case or the without gap case, or both. UE supporting inter-frequency L1 measurement without gap may not always be able support the inter-frequency L1 measurement within gaps. Note that this is different from L3 measurement as legacy. For inter-f. L3 measurement, gNB may configure L3 measurement on any SSB frequency layer, and a baseline UE is considered to support at least the with-gap operation so that the mobility performance in any cases can be ensured. However, LTM is a R18 optional feature which aims at improving mobility performance by shorten interruption during cell switch. UE needs not support LTM on all the bands. Hence, for the bands where UE needs to support inter-frequency LTM L1 measurements, it is not always necessary to support inter-f. with gap operation.
One may argue that for legacy R16 inter-frequency L3 measurement without gaps, UE needs to support at least inter-frequency within gaps. We can set the prerequisite of inter-frequency L1 measurement without gaps to include the R16 feature of corresponding L3 part, since L3 measurement is always needed before L1 measurement. But we do not think it is reasonable to force UE to support inter-frequency L1 within gaps.
Proposal 3  For LTM, inter-frequency L1 measurement within gaps is not a prerequisite FG for inter-frequency L1 measurement without gaps. Two separate FGs should be designed, and UE needs to report at least one of these two FGs if UE can support 45-1a:
· FG for inter-frequency L1 measurement within gaps.
· FG for inter-frequency L1 measurement without gaps
Proposal 4  For LTM inter-frequency L1 measurement without gaps FG, the prerequisite FGs include R16 FG inter-frequency L3 measurement without gaps.
Fort the case of inter-frequency L1 measurement within gaps, the inter-frequency SSB layer is already counted as one standalone inter-frequency layer in CSSF calculation. Therefore, we think the UE capability definition on the number of cells and the number of resources to be measured may follow the case of RTD>CP as defined above.
For the case of inter-frequency L1 measurement without gaps, it is similar to the intra-frequency L1 measurement cases, where the RTD issue should be considered. Hence, it is just one extension of Intra-f L1 measurements, while both UE supporting RTD > CP and UE not supporting RTD > CP shall be counted.
Proposal 5  For the UE capability design on the number of cells/resources to be measured:
· For the inter-frequency L1 measurements within gaps, only consider the case UE performs L1 measurement in a layer-by-layer manner, and the number of cell/resources to be measured follow the same value as the case for UE supporting RTD>CP.
· For the inter-frequency L1 measurements without gaps, consider both UE supporting RTD>CP and UE not supporting RTD > CP. The UE capability values defined for UE not supporting RTD > CP shall also count the cells/resources in the inter-frequency layer if UE supporting inter-frequency L1 measurement without gaps.

<On the granularity of LTM UE features>
In the attached UE feature list from RAN1 in [3], similar as some legacy UE features, granularity of the FGs are selected between per-band or per-BC. In our understanding, the LTM is an operation that could be performed on two cells in different bands, considering inter-frequency cases. Among these two cells, one is current SpCell, and the other one is the candidate SpCell on which UE may perform early DL sync, early RACH or UE-based TA. Normally UE may need to maintain DL timing of both cells, and the Rx timing difference between the two cells, which may be from two different bands, should not be too large for UE to support such operation. 
However, in R18 LTM discussion, there is no UE RF discussion regarding the LTM ‘BC’, which is the combination of source SpCell and target SpCell. Given current situation, it is more reasonable to consider the granularity of LTM features as the granularity of the source serving cells. 
Proposal 6  For LTM features, per-band or per-BC means the feature is based on the band or the band combination of source serving cells.
Conclusions
Based on above analysis, we have following proposals.
Proposal 1  Define 2 separate FGs: UE not supporting RTD > CP and UE supporting RTD > CP.
· For FG of UE NOT supporting RTD>CP for each L1 measurement layer, define components on the max number of SSBs within a slot or max number of SSBs configured, same as legacy UE capability design.
· For FG of UE supporting RTD>CP for each L1 measurement layer, define components based on the number of SSB Layers and the number of resources to measure per-layer.
Proposal 2  For the capability on the number of cells to be measured:
· For UE NOT supporting RTD>CP FG, define component based on the max number of cells on which L1 measurement is to be performed for all the frequency layer.
· For UE supporting RTD>CP FG, define components based on the max number of cells on which L1 measurement is to be performed per SSB frequency layer.
Proposal 3  For LTM, inter-frequency L1 measurement within gaps is not a prerequisite FG for inter-frequency L1 measurement without gaps. Two separate FGs should be designed, and UE needs to report at least one of these two FGs if UE can support 45-1a:
· FG for inter-frequency L1 measurement within gaps.
· FG for inter-frequency L1 measurement without gaps
Proposal 4  For LTM inter-frequency L1 measurement without gaps FG, the prerequisite FGs include R16 FG inter-frequency L3 measurement without gaps.
Proposal 5  For the UE capability design on the number of cells/resources to be measured:
· For the inter-frequency L1 measurements within gaps, only consider the case UE performs L1 measurement in a layer-by-layer manner, and the number of cell/resources to be measured follow the same value as the case for UE supporting RTD>CP.
· For the inter-frequency L1 measurements without gaps, consider both UE supporting RTD>CP and UE not supporting RTD > CP. The UE capability values defined for UE not supporting RTD > CP shall also count the cells/resources in the inter-frequency layer if UE supporting inter-frequency L1 measurement without gaps.

The proposed revision for the UE feature list is attached as follows. 
Note: The baseline is based on the appendix of R4-2321621.
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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
(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
	Simultaneous L1-RSRP measurements for multiple cells with RTD <= CP
	1. Capability of simultaneous L1-RSRP measurements for more than 1 Cells with RTD <= CP on the same OFDM symbol in one frequency layer
1. Maximum number of measured candidate cells for all periodic reports, activated semi-persistent reports, and triggered aperiodic reports at a given time, including intra-frequency L1 measurements and inter-frequency L1 measurements without gaps if UE supports 39-4
1. The max number of SSB resources configured to measure L1-RSRP within a slot across candidate cells, including intra-frequency L1 measurements, and inter-frequency L1 measurements without gaps if UE supports 39-4
1. The max number of SSB resources configured for L1-RSRP across all the candidate cells, including intra-frequency L1 measurements and inter-frequency L1 measurements without gaps if UE supports 39-4
	45-1, and/or 45-1a, and/or 39-4 Note: 45-1 and 45-1a are from RAN1 Rel-18 feature list
	Yes
	No
	[NW does not know which requirements UE will follow]
	[Per UE]
	No
	Yes
	N/A
	Note: UE needs to report one from 39-1 and 39-2 if UE at least supports 45-1
Component 2 candidate values: {2,3,4,5,6,7,8}
Component 3 candidate values: {4,8[,12,16]}
Component 4 candidate values: {4,8[,16,32]}


	Optional with capability signaling

	39.
NR_Mob_enh2
	39-21
	Simultaneous L1-RSRP measurements for multiple cells with RTD > CP 
	1. Capability of simultaneous L1-RSRP measurements for more than 1 Cells with RTD > CP on the same OFDM symbol in one FR1 frequency layer
2. Number of [neighbour] cells to be measured for L1-RSRP per frequency layer per SSB frequency layer
3. Max number of SSB resources to be measured for L1-RSRP per frequency layer per SSB frequency layer
4. [The max number of frequency layers configured to measure for intra- and inter-frequency without gap L1-RSRP measurement]Capability of L1-RSRP measurements for more than 1 Cells with RTD > CP in one FR2 frequency layer

Note: Duplication with component 1 of 45-1 and 45-1a in RAN1 feature list. Suggest to handle in RAN4 feature list
	45-1, and/or 45-1a from RAN1 Rel-18 feature list

	Yes
	No
	[NW does not know which requirements UE will follow]
	[Per UE]
	No
	Yes 
	N/A
	Note: UE needs to report one from 39-1 and 39-2 if UE at least supports 45-1Note: the max number of cells is up to 39-2
Component 2 candidate values: {2, 3, [… TBD]}
Component 3 candidate values: TBD
Component 4 candidate values: TBD

	Optional with capability signaling

	39.
NR_Mob_enh2
	39-32
	inter-frequency L1 measurement within gapsNumber of [neighbour] cells to be measured per [frequency layer]
	1. Capability of Inter-frequency L1-RSRP measurements within gap for LTM Number of [neighbour] cells to be measured for L1-RSRP per frequency layer per intra-freq layer
1. Number of neighbour cells to be measured for L1-RSRP per frequency layer per inter-freq layer

Note: Duplication with component 3 of 45-1 and 45-1a in RAN1 feature list. Suggest to handle in RAN4 feature list
	45-1, or 45-1a from RAN1 Rel-18 feature list


	Yes
	No
	NW does not know which type of inter-frequency L1 measurements UE can supportthe max number of cells UE can measure
	[Per band/ Per BC]
	No
	[No]
	N/A
	Note: UE needs to report one from 39-3 and 39-4 if UE supports 45-1aCandidate values: 2, 3, [… TBD]
	Optional with capability signalingMandatory with capability signaling if UE supports 45-1, or
45-1a

	39.
NR_Mob_enh2
	39-4
	inter-frequency L1 measurement without gaps
	Capability of Inter-frequency L1-RSRP measurements within gap for LTM
	45-1a from RAN1 Rel-18 feature list and 9-4 from R16 RAN4 feature list


	Yes
	No
	NW does not know which type of inter-frequency L1 measurements UE can support
	[Per band/ Per BC]
	No
	[No]
	N/A
	Note: UE needs to report one from 39-3 and 39-4 if UE supports 45-1a
	Optional with capability signaling

	39.
NR_Mob_enh2
	39-54
	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 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
	39-54a
	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 the 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
	39-65
	[Early ASN.1 decoding and validity check before cell switch]
	Capability of [early ASN.1 decoding and validity check before cell switch to [reduce or skip] Texecution 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
	[Component 6 of 45-3 or 45-4]
	Yes
	No
	Texecution delay will not be [reduced or skipped], i.e., 10ms
	[Per UE]
	No
	No
	N/A
	[Candidate values: 0 or TBD]
	Optional with capability signaling

	39.
NR_Mob_enh2
	[39-76]
	[Shorter UE processing time during cell switch]
	Capability of [reduced TLTM, 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
	[Component 6 of 45-3 or 45-4]
	Yes
	No
	[TLTM, processing delay ] will not be reduced, i.e., 20ms
	[Per UE]
	No
	No
	N/A
	Candidate values: TBD
	Optional with capability signaling

	39.
NR_Mob_enh2
	[39-7]
	Using L3 measurement results in L1-RSRP measurement report
	Capability of [using] L3 measurement results in L1 measurement report

Note: Additional conditions to apply the capability is FFS in RAN4. 
	45-1, or
45-1a
	[Yes or No]
	No
	UE will not use L3 measurement results in L1 measurement report
	[Per UE]
	No
	[Yes]
	N/A
	
	Optional with capability signaling
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