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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this paper, we provide our views on Rel-18 UE features for mobility enhancements.

UE feature for <L1 enhancements>
Scenarios and Use Cases
It was agreed in RAN1#110bis [1] and RAN1#111 [2] that L1 intra-frequency and inter-frequency measurement based on SSB are supported. 

Agreement (RAN1#110bis)
For Rel-18 L1/L2 mobility,
· SSB is supported for L1 intra-frequency measurement
· SSB is supported for L1 inter-frequency measurement if inter-frequency L1 measurements are supported

Agreement (RAN1#111)
For Rel-18 LTM, L1 inter-frequency measurement is supported from RAN1 point of view.

According to the agreements in RAN1 and RAN4, Rel-18 LTM support both synchronous and asynchronous L1-RSRP measurement based on SSB in both intra and inter frequency case. In our view, the intra frequency synchronous L1-RSRP measurement should be the basic feature group.  Intra-frequency asynchronous measurement, inter-frequency asynchronous measurement and inter-frequency synchronous measurement can be optional FGs, depending on different UE implementation complexity.

With above analysis, we propose the following:
Proposal 2-1: the following FGs should be added for Rel-18 LTM,
· FGX-1: Support of synchronous and intra-frequency LTM, per band, optional with capability signalling. This FG is a part of basic operation for LTM.
· FGX-2: Support of asynchronous and intra-frequency LTM, per BC, optional with capability signalling.
· FGX-3: Support of synchronous and inter-frequency LTM, per BC, optional with capability signalling.
· FGX-4: Support of asynchronous and inter-frequency LTM, per BC, optional with capability signalling.

Configured candidate cells for LTM
In the component 2 and component 3 in FG23-4 for Rel-17 ICBM/inter-cell mTRP, UE reports the maximum number of configured additional PCIs per CC (X1) when each configuration of SSB time domain positions and periodicity of the additional PCIs is the same as SSB time domain positions and periodicity of the serving cell PCI(i.e. Case 1) and the maximum number of configured additional PCIs per CC (X2) when the configurations of SSB time domain positions and periodicity of the additional PCIs is not according to Case 1 (i.e. Case 2). Considering UE implementation complexity, the similar capability report should also be introduced for LTM UE feature.  

Proposal 2-2: A new FG and the corresponding components as follow should be added for Rel-18 LTM,
· FGX-5: Maximum number of configured candidate cells for L1-RSRP measurement, per BC, FGX-1, FGX-2, FGX-3 and FGX-4 as prerequisite
· Component-1: The maximum number of configured candidate cells is X1 when time domain positions and periodicity of configured SSBs in the candidate cells are the same as time domain positions and periodicity of the serving cell SSBs in a band combination;
· Component-2: The maximum number of configured candidate cells is X2 when time domain positions and periodicity of configured SSBs in the candidate cells are different with time domain positions and periodicity of the serving cell SSBs in a band combination;

Measurement resources for LTM
In inter -frequency L1-RSRP measurement case, the number of frequency layers decides UE complexity. Furthermore, the number of SSBs in the candidate cells for L1 beam measurement also determines the memory consumption and computing complexity at UE. Thus, we propose to let UE report the maximum number of frequency layers and maximum number SSB resources frequency values with following components when UE support inter frequency measurement for candidate cell. 
Proposal 2-3: A new FG and the corresponding components as follow should be added for Rel-18 LTM,
· FGX-6: Measurement resources for LTM, per BC, FGX-1, FGX-2, FGX-3 and FGX-4 as prerequisite
· Component 1: The max number of frequency layers configured to measure L1-RSRP across all candidate cells in a band combination (not applicable for intra-frequency measurement)
· Component 2: The max number of SSB resources configured to measure L1-RSRP within a slot across all the candidate cells 
· Component 3: The max number of SSB resources configured to measure L1-RSRP across all the candidate cells
· Note: the above component 2/3 are also counted in FG16-1g/16-1g-1
· 
In addition, to mitigate UE complexity increase from L1 measurement on top of L3 mobility measurement, it would be beneficial to allow UE to report whether measurement on SSBs with PCIs that are not included in L3 mobility measurement is supported. We propose the following: 
Proposal 2-4: A new FG should be supported for Rel-18 mobility enhancements UE features,
· FGX-7: Support on that SSB(s) of candidate cells with PCIs not configured for L3 mobility measurement, per BC

It was agreed in RAN1#112bis  [3] that the number of reported cells and beams in a band is reported as UE capability.

Agreement (RAN1#112bis)
For the beam selection for SSB based L1-RSRP measurement report,
· Beam selection is performed across the L cells from configured (or activated, if introduced) cells, i.e. M beams for each of the L cells 
· FFS: How to select the L cells and M beams per cells is up to UE
· M x L beams are reported in a single report instance
· Max values of M and L are based on UE capability, and at least M x L=4 is supported as a UE capability, other UE capabilities are FFS 
· FFS if UE is allowed to report less than M x L beams 
· The values of M and L are configured to the UE in the reporting configuration 
· FFS: The following configurability is introduced in the report configuration
· 1) Whether serving cell is always selected in the L cell selection performed by the UE, and applicable when a UE is configured with L>=2
· 2) at least one of the inter-frequency cells is always selected in the L cell selection performed by the UE, and applicable when a UE is configured with L>=2 and at least one cell in inter-frequency
We propose the following: 
Proposal 2-5: the following FGs and components should be supported for Rel-18 mobility enhancements UE features,
· FGX-8: Support of up to M*L SSBRI-RSRP pairs in one report  instance, per BC
· FGX-9: Maximum number of Cell(s) and beam(s) in a report for LTM, per BC, FGX-8 as prerequisite
· Component 1: Support of up to L cells in one report instance in a band combination
· Component 2: Support of up to M beams for each of the L cells in one report instance in a band combination

TCI state configuration/activation
It is agreed that TCI indication for candidate cells in Rel-18 LTM is based on Rel-17 unified TCI framework. In addition, it has also been agreed that TCI state of candidate cells can be activated before the reception of beam indication in the cell switch command. In order to reduce memory consumption and computing complexity for Time/frequency and beam tracking at UE, the number of candidate cells where TCI states can be configured and activated and the total number of configured and activated TCI states for candidate cells should be limited. In addition, as UE processing resources are shared by TCI activation for serving cells and candidate cells, the number of configured and activated TCI states for LTM candidate cells should be counted into the total number of activated Rel-17 unified TCI states. Similar as Rel-17 ICBM, separate UE capability report of unified TCI with joint DL/UL TCI and separate DL/UL TCI should be supported

With above analysis, we propose the following two FGs:
Proposal 2-6: add the following FGs for beam indication in Rel-18 LTM,
· FGX-10: Unified TCI with joint DL/UL TCI update for LTM, per BC, FG23-1-1 as prerequisite, with following components
· Component 1: Support of joint DL/UL TCI update for candidate cells and TCI state indication in cell switch command
· Component 2: The maximum number of configured TCI states across all candidate cells and serving cells
· Note: The component 2 is also counted in FG23-1-1

· FGX-10a: Unified TCI with joint DL/UL TCI update for LTM with more than one MAC-CE activated joint TCI state, per BC, FG23-1-1 and FGX-10 as prerequisite, with following components
· Component 1: Support of joint DL/UL TCI activation for candidate cells with MAC CE before cell switch 
· Component 2: The maximum number of MAC-CE activated joint TCI states across all candidate cells and serving cells
· Component 3: The maximum number of MAC-CE activated joint TCI states per candidate cell
· Note: the component 2,3 are also counted in FG23-1-1 and 23-1-1b

· FGX-11: Unified TCI with separate DL/UL TCI update for LTM, per BC, FG23-10-1 as prerequisite, with following components 
·  Component 1: Support of separate DL/UL TCI update for candidate cells and TCI state indication in cell switch command
· Component 2: The maximum number of configured DL TCI states across all candidate cells and serving cells
· Component 3: The maximum number of configured UL TCI states across all candidate cells and serving cells
· Note: The component 2 and component 3 are also counted in FG23-10-1

· FGX-11a: Unified TCI with separate DL/UL TCI update for LTM with more than one MAC-CE activated sperate TCI state, per BC, FG23-10-1 and FGX-11 as prerequisite, with following components
· Component 1: Support of separate DL/UL TCI activation for candidate cells with MAC CE before cell switch 
· Component 2: The maximum number of MAC-CE activated DL TCI states across all candidate cells and serving cells
· Component 3: The maximum number of MAC-CE activated DL TCI states per candidate cell
· Component 4: The maximum number of MAC-CE activated UL TCI states across all candidate cells and serving cells
· Component 5: The maximum number of MAC-CE activated UL TCI states per candidate cell 
· Note: The component 2, 4 are also counted in FG23-10-1 and 23-10-1m.  The component 3,5 are also counted in FG23-10-1b and 23-10-1m

UE feature for <Timing advance management >

For early RACH acquisition before cell switch, three mechanisms had been agreed, i.e. PDCCH-ordered PRACH for candidate cell, LTE-like RACH-less scheme and UE based TA acquisition. For both PDCCH ordered PRACH scheme and LTE-like RACH-less scheme, the TA of target cell are indicated DU in cell switch command. The capability to apply TA of target cell indicated in CSC can be shared. Thus, we propose the following 3 FGs for TA management in Rel-18 LTM.
Proposal 3-1: the following FGs and components should be added for Rel-18 LTM,
· FGX-12: PDCCH-ordered PRACH in candidate cells before cell switch, per BC, FGX-12 as prerequisite
· Component 1: Support transmit PRACH in candidate cell according to PDCCH-order  before cell switch
· Component 2: The maximum number of candidate cells a UE can be configured to transmit PRACH 
· Component 3: the maximum number of candidate cells a UE can be triggered to transmit PRACH. 
· FGX-13: TA acquisition from before cell switch command, per BC
· Component 1: Support reception of target cell TA from cell switch command. 
· Component 2: Support reception of target cell TA from cell switch command, indicating TA= {0, keeping the same value as source cell} 

· FGX-14: UE-based TA acquisition, per BC
· Component 1:  support UE derives TA based on Rx timing difference between current serving cell and candidate cell as well as TA value for the current serving cell

[bookmark: _Ref129681832]Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]This contribution presents our views on Rel-18 UE features for mobility enhancements. We had following proposals.
Proposal 2-1: the following FGs should be added for Rel-18 LTM,
· FGX-1: Support of synchronous and intra-frequency LTM, per band, optional with capability signalling. This FG is a part of basic operation for LTM.
· FGX-2: Support of asynchronous and intra-frequency LTM, per BC, optional with capability signalling.
· FGX-3: Support of synchronous and inter-frequency LTM, per BC, optional with capability signalling.
· FGX-4: Support of asynchronous and inter-frequency LTM, per BC, optional with capability signalling.
Proposal 2-2: A new FG and the corresponding components as follow should be added for Rel-18 LTM,
· FGX-5: Maximum number of configured candidate cells for L1-RSRP measurement, per BC, FGX-1, FGX-2, FGX-3 and FGX-4 as prerequisite
· Component-1: The maximum number of configured candidate cells is X1 when time domain positions and periodicity of configured SSBs in the candidate cells are the same as time domain positions and periodicity of the serving cell SSBs in a band combination;
· Component-2: The maximum number of configured candidate cells is X2 when time domain positions and periodicity of configured SSBs in the candidate cells are different with time domain positions and periodicity of the serving cell SSBs in a band combination;
Proposal 2-3: A new FG and the corresponding components as follow should be added for Rel-18 LTM,
· FGX-6: Measurement resources for LTM, per BC, FGX-1, FGX-2, FGX-3 and FGX-4 as prerequisite
· Component 1: The max number of frequency layers configured to measure L1-RSRP across all candidate cells in a band combination (not applicable for intra-frequency measurement)
· Component 2: The max number of SSB resources configured to measure L1-RSRP within a slot across all the candidate cells 
· Component 3: The max number of SSB resources configured to measure L1-RSRP across all the candidate cells
· Note: the above component 2/3 are also counted in FG16-1g/16-1g-1
Proposal 2-4: A new FG should be supported for Rel-18 mobility enhancements UE features,
· FGX-7: Support on that SSB(s) of candidate cells with PCIs not configured for L3 mobility measurement, per BC
Proposal 2-5: the following FGs and components should be supported for Rel-18 mobility enhancements UE features,
· FGX-8: Support of up to M*L SSBRI-RSRP pairs in one report instance, per BC
· FGX-9: Maximum number of Cell(s) and beam(s) in a report for LTM, per BC, FGX-8 as prerequisite
· Component 1: Support of up to L cells in one report instance in a band combination
· Component 2: Support of up to M beams for each of the L cells in one report instance in a band combination
Proposal 2-6: add the following FGs for beam indication in Rel-18 LTM,
· FGX-10: Unified TCI with joint DL/UL TCI update for LTM, per BC, FG23-1-1 as prerequisite, with following components
· Component 1: Support of joint DL/UL TCI update for candidate cells and TCI state indication in cell switch command
· Component 2: The maximum number of configured TCI states across all candidate cells and serving cells
· Note: The component 2 is also counted in FG23-1-1

· FGX-10a: Unified TCI with joint DL/UL TCI update for LTM with more than one MAC-CE activated joint TCI state, per BC, FG23-1-1 and FGX-10 as prerequisite, with following components
· Component 1: Support of joint DL/UL TCI activation for candidate cells with MAC CE before cell switch 
· Component 2: The maximum number of MAC-CE activated joint TCI states across all candidate cells and serving cells
· Component 3: The maximum number of MAC-CE activated joint TCI states per candidate cell
· Note: the component 2,3 are also counted in FG23-1-1 and 23-1-1b

· FGX-11: Unified TCI with separate DL/UL TCI update for LTM, per BC, FG23-10-1 as prerequisite, with following components 
·  Component 1: Support of separate DL/UL TCI update for candidate cells and TCI state indication in cell switch command
· Component 2: The maximum number of configured DL TCI states across all candidate cells and serving cells
· Component 3: The maximum number of configured UL TCI states across all candidate cells and serving cells
· Note: The component 2 and component 3 are also counted in FG23-10-1

· FGX-11a: Unified TCI with separate DL/UL TCI update for LTM with more than one MAC-CE activated sperate TCI state, per BC, FG23-10-1 and FGX-11 as prerequisite, with following components
· Component 1: Support of separate DL/UL TCI activation for candidate cells with MAC CE before cell switch 
· Component 2: The maximum number of MAC-CE activated DL TCI states across all candidate cells and serving cells
· Component 3: The maximum number of MAC-CE activated DL TCI states per candidate cell
· Component 4: The maximum number of MAC-CE activated UL TCI states across all candidate cells and serving cells
· Component 5: The maximum number of MAC-CE activated UL TCI states per candidate cell 
· Note: The component 2, 4 are also counted in FG23-10-1 and 23-10-1m.  The component 3,5 are also counted in FG23-10-1b and 23-10-1m
Proposal 3-1: the following FGs and components should be added for Rel-18 LTM,
· FGX-12: PDCCH-ordered PRACH in candidate cells before cell switch, per BC, FGX-12 as prerequisite
· Component 1: Support transmit PRACH in candidate cell according to PDCCH-order before cell switch
· Component 2: The maximum number of candidate cells a UE can be configured to transmit PRACH 
· Component 3: the maximum number of candidate cells a UE can be triggered to transmit PRACH. 
· FGX-13: TA acquisition from before cell switch command, per BC
· Component 1: Support reception of target cell TA from cell switch command. 
· Component 2: Support reception of target cell TA from cell switch command, indicating TA= {0, keeping the same value as source cell} 

· FGX-14: UE-based TA acquisition, per BC
· Component 1:  support UE derives TA based on Rx timing difference between current serving cell and candidate cell as well as TA value for the current serving cell
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Appendix
	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

	 XX. NR_LTM
	FGX-1
	Synchronous LTM for intra-frequency case

	1. Support of synchronous and intra-frequency LTM

	
	
	
	
	Per band
	
	
	
	
	Optional with capability signalling.
This FG is a part of basic operation for LTM.

	
	FGX-2
	Asynchronous LTM for intra-frequency case

	1. Support of asynchronous and intra-frequency LTM
	
	
	
	
	Per BC
	
	
	
	
	Optional with capability signalling

	
	FGX-3
	Synchronous LTM for inter-frequency case

	1. Support of synchronous  and inter-frequency LTM

	
	
	
	
	Per BC
	
	
	
	
	Optional with capability signalling

	
	FGX-4
	Asynchronous LTM for inter-frequency case

	1. Support of asynchronous  and inter-frequency LTM

	
	
	
	
	Per BC
	
	
	
	
	Optional with capability signalling

	
	FGX-5
	Configured candidate cells for L1-RSRP measurement for LTM
	1. The maximum number of configured candidate cells is X1 when time domain positions and periodicity of configured SSBs in the candidate cells are the same as time domain positions and periodicity of the serving cell SSBs
2. The maximum number of configured candidate cells is X2 when time domain positions and periodicity of configured SSBs in the candidate cells are different with time domain positions and periodicity of the serving cell SSBs

	
	
	
	
	Per BC
	
	
	
	Component-1:
candidate values {FFS}

Component-2:
candidate values {FFS}

	Optional with capability signalling

	
	FGX-6
	Measurement resources for LTM 
	
1. The max number of  frequency layers configured to measure L1-RSRP for inter-frequency case

2.  The max number of SSB resources configured to measure L1-RSRP within a slot across all the candidate cells and serving cells 

3. The max number of SSB resources configured to measure L1-RSRP across all the candidate cells and serving cells 

	[FGX-1, FGX-2, FGX-3, FGX-4]

	
	
	
	Per BC
	
	
	
	
Component-1:
candidate values {FFS}

Component-2:
candidate values {FFS }

Component-3:
candidate values {FFS }

Note1: The component 1 is not applicable for intra-frequency measurement.
Note2: The component 2/3 are also counted in FG16-1g/16-1g-1
	Optional with capability signalling

	
	FGX-7
	SSB based L1 measurement
Without SSB based L3 measurement



	1. Support on that SSB(s) of candidate cells with PCIs not configured for L3 mobility measurement 
	
	
	
	
	Per BC
	
	
	
	Component-1: {Support, Not support}

	Optional with capability signalling

	
	FGX-8
	L1 beam report for LTM
	1. Support of up to M*L SSBRI-RSRP pairs in one report  instance

	
	
	
	
	Per BC
	
	
	
	Component-1:
candidate values {FFS}

	Optional with capability signalling

	
	FGX-9
	Cell(s) and beam(s) in a report for LTM
	1. Support of up to L cells in one report instance
2. Support of up to M beams for each of the L cells in one report instance

	
	
	
	
	Per BC
	
	
	
	Component-1:
candidate values {FFS}

Component-2:
candidate values {FFS}
Note: The value of M&L should be smaller or equal to that in FGX-8.
	Optional with capability signalling

	
	FGX-10
	Unified TCI with joint DL/UL TCI update for LTM
	1. Support of joint DL/UL TCI update for candidate cells and TCI state indication in cell switch command
2. The maximum number of configured TCI states across all candidate cells and serving cells

	FG-23-1-1
	
	
	
	Per BC
	
	
	
	Component-2:
candidate values {FFS}


Note: The component 2 is also counted in FG23-1-1


	Optional with capability signalling

	
	FGX-10a
	Unified TCI with joint DL/UL TCI update for LTM with more than one MAC-CE activated joint TCI state

	1. Support of joint DL/UL TCI activation for candidate cells with MAC CE before cell switch 
2. The maximum number of MAC-CE activated joint TCI states across all candidate cells and serving cells
3. The maximum number of MAC-CE activated joint TCI states per candidate cell 

	
	
	
	
	Per BC
	
	
	
	Component-2:
candidate values {FFS}

Component-3:
candidate values {FFS}

Note: The component 2,3 are also counted in FG23-1-1 and 23-1-1b

	Optional with capability signalling

	
	FGX-11
	Unified TCI with separate DL/UL TCI update for LTM

	1. Support of separate DL/UL TCI update for candidate cells and TCI state indication in cell switch command
2. The maximum number of configured DL TCI states across all candidate cells and serving cells
3. The maximum number of configured UL TCI states across all candidate cells



	
	
	
	
	Per BC
	
	
	
	Component-2:
candidate values {FFS}

Component-3:
candidate values {FFS}

Note: The component 2 and component 3 are also counted in FG23-10-1

	Optional with capability signalling

	
	FGX-11a


	Unified TCI with separate DL/UL TCI update for LTM with more than one MAC-CE activated sperate TCI state

	1. Support of separate DL/UL TCI activation for candidate cells with MAC CE before cell switch 
2. The maximum number of MAC-CE activated DL TCI states across all candidate cells and serving cells
3. The maximum number of MAC-CE activated DL TCI states per candidate cell
4. The maximum number of MAC-CE activated UL TCI states across all candidate cells and serving cells
5. The maximum number of MAC-CE activated UL TCI states per candidate cell 

	
	
	
	
	Per BC
	
	
	
	Component-2:
candidate values {FFS}

Component-3:
candidate values {FFS}

Component-4:
candidate values {FFS}

Component-5:
candidate values {FFS}


Note: The component 2,4 are also counted in FG23-10-1 and 23-10-1m.  The component 3,5 are also counted in FG23-10-1b and 23-10-1m

	Optional with capability signalling

	
	FGX-12
	PDCCH-ordered PRACH in candidate cells before cell switch



	1. Support transmit PRACH in candidate cell according to PDCCH-order  before cell switch
2. The maximum number of candidate cellsa UE can be configured to transmit PRACH 
3. The maximum number of candidate cells a UE can be triggered to transmit PRACH.

	
	
	
	
	Per BC
	
	
	
	Component-2:
candidate values {FFS}

Component-3:
candidate values {FFS}

	Optional with capability signalling

	
	FGX-13
	TA acquisition from before cell switch command

	1. Support reception of target cell TA from cell switch command. 
2. Support reception of target cell TA from cell switch command, indicating TA= {0, keeping the same value as source cell }

	
	
	
	
	Per BC
	
	
	
	
	Optional with capability signalling

	
	FGX-14
	UE-based TA acquisition




	1. support UE derives TA based on Rx timing difference between current serving cell and candidate cell as well as TA value for the current serving cell
	
	
	
	
	Per BC
	
	
	
	
	Optional with capability signalling



