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1. Introduction

In RAN1 #112bis-e meeting, an initial UE feature list for Rel-18 mobility enhancement [1] is agreed with several open discussions and our view are shown as follows.

2. [bookmark: _Ref494794648]UE feature design
FG45-1

FG45-1 is one of the fundamental FGs for Rel-18 Mobility enhancements, which includes feature description for L1 measurement enhancements and reporting enhancements. For the first component on supported scenarios, RAN4 already made following agreement of introducing a separated capability for asynchronous (RTD>CP) intra-frequency L1 measurement and RAN1 can either capture it in UE feature list or leave the details to RAN4.

	Agreement (RAN4 106) 
· 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.



For the first component of FG45-1a, UE implementation complexities on inter-frequency measurement with gap and without gap should be reflected on UE feature list. Otherwise, UE is expected to be able to perform inter-frequency measurement without any measurement gap in all scenarios, which is not desirable. 

Regarding the L1 measurement capabilities on number of candidate cells and SSBs to be measured, RAN4 also had following agreement with several FFS points. To avoid duplicated works between RAN1 and RAN4, there is no need for RAN1 to discuss component 3 and 5 in FG45-1. 

	Agreements (RAN4 106bis)
· The supported maximum number of cells/SSBs configured for L1 measurement [on neighbour cell] is up to UE capability
· Details of capability signalling are FFS including at least:
· Whether to differentiate intra and inter-frequency measurements
· Constraints on the lowest value of the capability
· Signaling granularity




Furthermore, RAN4 has the expertise on L3 measurement capability design and the relation between L3 measurement and L1 measurement for Rel-18 LTM is an ongoing discussion in RAN4. Without inputs from RAN4, it will be difficult for RAN1 to define practical measurement capabilities which align RAN4 discussion, e.g., whether to have different maximum number of cells for intra and inter-frequency measurements. Therefore, to reflect RAN4 current agreement and UE implementation complexity without duplicating work among working groups, we propose following.

[bookmark: _Ref146817238]Proposal 1: Update components of FG 45-1 and FG45-1a as follows.

	45. NR_Mob_enh2
	45-1
	L1 measurement and reports for L1-L2 Triggered Mobility (LTM) procedure[—processing capability]
	1. 1. Support of [RTD > CP and RTD <= CP] 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
[3. Maximum number of measured candidate cells for all periodic reports, activated semi-persistent reports, and triggered aperiodic reports at a given time]
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. The max number of SSB resources configured to measure L1-RSRP within a slot with candidate cells and serving cell across all CC ]
	
	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 3 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: {1,2,4,8}]
	Optional with capability signalling




	45. NR_Mob_enh2
	45-1a
	Inter-frequency L1 measurement with gap and reports for L1-L2 Triggered Mobility (LTM) procedure[—processing capability]
	1. Support of inter- frequency L1- RSRP measurement [with and/or without gap] 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
[3. Maximum number of measured candidate cells for all periodic reports, activated semi-persistent reports, and triggered aperiodic reports at a given time 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
[5. The max number of SSB resources configured to measure L1-RSRP within a slot with candidate cells and serving cells across all CC for intra- and inter-frequency L1-RSRP measurement
6. The max number of SSB resources configured to measure L1-RSRP across all the candidate cells and serving cells 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 with gap 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 3 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: {1,2,4,8,16}

Component 8
candidate values:
{2,4,8,12,16,32,64}

Note: The component 5/6 are also counted in FG16-1g/16-1g-1
	Optional with capability signalling



	45. NR_Mob_enh2
	45-1x
	Inter-frequency L1 measurement without gap for L1-L2 Triggered Mobility (LTM) procedure[—processing capability]
	1. Support of inter- frequency L1- RSRP measurement without gap based on SSB(s) of candidate cell(s) 

	45-1a
	Yes
	No
	UE does not support inter-frequency L1 measurement without gap
	[Per band/BC]
	No
	No
	n/a
	Note: The component 5/6 are also counted in FG16-1g/16-1g-1
	Optional with capability signalling



FG45-3/45-3a

FG45-3 specifies the UE capability for TCI state management for Rel-18 LTM. For component 2, Rel-17 unified TCI framework capability FG23-1-1 can be used as a reference. In particular, FG23-1-1 specifies maximum number of configured joint TCI states per BWP per CC and similar component can be included in FG45-3.

As for number of activated TCI state specified in FG45-3a, Rel-17 unified TCI framework capability FG23-1-1 and FG23-1-1a can be used as references. In particular, FG23-1-1 specifies the maximum number of MAC-CE activated joint TCI states across all CC(s) in a band, and FG23-1-1a specifies additional number of activated joint TCI states per CC and additional number of activated joint TCI states across all CC(s). Similar components can be included in FG45-3a.

As for component 4 and 5 in FG45-3, LTM TCI-state using SSB as QCL source RS before cell switch should be supported as baseline and LTM TCI-state using TRS as QCL source RS before cell switch should be supported as separated UE capability according to the RAN1 agreement shown below. On the other hand, allowing the indicated TCI-state using SSB as QCL source RS in cell switch command to receive PDCCH/PDSCH after cell switch is a new QCL rule and a new FG should be introduced.

	Agreement
In R18 LTM, on the QCL source of the TCI state before/during the cell switch command, 
· SSB or TRS can be configured in a TCI state for the candidate cell(s) before/during cell switch command
· Whether the TRS can be used for the candidate cell(s) before/during cell switch command is up to UE capability




[bookmark: _Ref134714453]Proposal 3: Update FG 45-3 and FG45-3a as follows.
	45. NR_Mob_enh2
	45-3
	LTM beam indication with joint DL/UL TCI states 
	1. Support of unified TCI with joint DL/UL LTM TCI-state indication for LTM procedure.
 
2. Maximum number of configured joint LTM TCI state(s) [across/per] candidate cells [and serving cells] [in a band]

3. Maximum number of configured joint LTM TCI state(s) [across/per] candidate cells and joint TCI states across all serving cells [in a band]


34. Support of indicating and activating a single joint LTM TCI state in a cell switch command. 
[4. Support LTM TCI-state using SSB as QCL source RS before cell switch for PDCCH and PDSCH reception]
[5. Support LTM TCI-state using SSB as QCL source RS for PDCCH and PDSCH reception]
[6 Support of MAC-CE based cell switch operation]
	23-1-1
	Yes
	No
	UE does not support Rel-18 LTM operation beam indication with joint DL/UL TCI states
	[Per band/BC]
	No
	No
	n/a
	Component 2 candidate values: FFS

Component 3 candidate values: FFS

FFS: how to count total number of joint TCI states

	Optional with capability signalling

	45. NR_Mob_enh2
	45-3a
	MAC-CE activated joint LTM TCI states
	1. Maximum number of MAC-CE activated joint LTM TCI states [per/across all] candidate cells [and serving cells] [in a band]
 
2. Maximum number of MAC-CE activated joint LTM TCI states across candidate cells and activated joint TCI states across all serving cells
	
	Yes
	No
	UE does not support MAC-CE activated joint LTM TCI states
	[Per band/BC]
	No
	No
	n/a
	Component 1 candidate values for K: FFS

Component 2 candidate values for K: FFS
	Optional with capability signalling



[bookmark: _Ref146817256]Proposal 4: Introduce FG 45-3b and FG45-3c as follows.

	45. NR_Mob_enh2
	45-3b
	LTM beam indication in cell switch command with TCI states using SSB as QCL source RS 
	1. Support LTM TCI-state using SSB as QCL source RS for PDCCH and PDSCH reception after cell switch

	
	Yes
	No
	UE does not support LTM beam indication with TCI states using SSB as QCL source RS for PDCCH and PDSCH reception after cell switch
	[Per band/BC]
	No
	No
	n/a
	
	Optional with capability signalling

	45. NR_Mob_enh2
	45-3c
	LTM TCI states using TRS as QCL source RS before cell switch
	1. Support LTM TCI-state using TRS as QCL source RS before cell switch
	
	Yes
	No
	UE does not support LTM TCI-state using TRS as QCL source RS before cell switch
	[Per band/BC]
	No
	No
	n/a
	
	Optional with capability signalling




FG45-4/45-4a

Similar proposal for FG45-3/FG45-3a by changing joint DL/UL TCI state to separate DL/UL TCI state. 

[bookmark: _Ref146817262]Proposal 5: Update FG 45-4 and FG45-4a as follows.


	45. NR_Mob_enh2
	45-4
	LTM beam indication with separate DL/UL TCI states 
	1. Support of unified TCI with separate DL/UL TCI-state indication for LTM procedure. 
2. Maximum number of configured DL TCI state(s) [per/across all] candidate cells [and serving cells] [in a band]
3. Maximum number of configured UL TCI state(s) [per/across all] candidate cells [and serving cells] [in a band]

4. Maximum number of configured DL TCI state(s) across all candidate cells and serving cells [in a band]
5. Maximum number of configured UL TCI state(s) across all candidate cells and serving cells [in a band]


46. Support of indicating and activating a pair of UL/DL TCI-state in a cell switch command. 
[5 7. Support TCI-state using SSB as QCL source RS before cell switch for PDCCH and PDSCH reception
[5. Support TCI-state using TRS as QCL source RS for PDCCH and PDSCH reception]
[6 Support of MAC-CE based cell switch operation]
	
	Yes
	No
	UE does not support Rel-18 LTM operation with separate DL/UL TCI states
	[Per band/BC]
	No
	No
	n/a
	Component 2 candidate values: FFS
Component 3 candidate values: FFS

Component 4 candidate values: FFS


Component 5 candidate values: FFS


	Optional with capability signalling

	45. NR_Mob_enh2
	45-4a
	MAC-CE activated DL/UL TCI states
	1. Maximum number K1 of MAC-CE activated DL TCI states [per/across all] candidate cells [and serving cells] [in a band] before cell-switch command
2. Maximum number K2 of MAC-CE activated UL TCI states [per/across all] candidate cells [and serving cells] [in a band] before cell-switch command

3. Maximum number K3 of MAC-CE activated DL TCI states across all candidate cells and serving cells [in a band] before cell-switch command
4. Maximum number K4 of MAC-CE activated UL TCI states across all candidate cells and serving cells [in a band] before cell-switch command
	
	Yes
	No
	UE does not support MAC-CE activated DL/UL TCI states
	[Per band/BC]
	No
	No
	n/a
	Component 1 candidate values: FFS

Component 2 candidate values: FFS

Component 3 candidate values: FFS

Component 4 candidate values: FFS
	Optional with capability signalling



FG45-5

In RAN1 #114 meeting, it has been agreed that serving cell UL transmission will be dropped when UE dose not support simultaneous/parallel transmissions. 
	Agreement
· When the UE does not support simultaneous/parallel transmissions of PRACH in candidate cell and UL channels and signals in serving cell, support
· serving cell UL TX is dropped.



Additionally, companies have agreed on the way of UL power allocation when the UE is capable to simultaneous/parallel transmissions.
	Agreement
· If the UE supports simultaneous/parallel transmissions of PRACH in candidate cell and UL channels and signals in serving cell in the same frequency range, support:
· A PRACH transmission to a LTM candidate cell has the highest priority for power allocation.
Note: up to UE whether performs power scale-down or drop of UL transmission with lower priority when UL transmission power is insufficient.





Whether UE can support simultaneous/parallel transmissions of PRACH in candidate cell and UL channels and signals in serving cell in the same frequency range depends on whether the candidate cell, relative to the serving cell, is in intra-band or inter-band. Since the current band combination is mainly for the UE to report whether it supports a certain CA combination, it is not applicable to report the UE capability of LTM where the target band is the band where the candidate cell is located. Therefore, we prefer to use the “per target band per BC” reporting method, allowing the UE to report capability for each combination of “BC (serving cell) + target band (candidate cell)” separately. For each “BC + target band” combination, whether the target band where the candidate cell is located is an intra-band or an inter-band will change according to the serving cells locate in which bands of BC. To avoid the need to enumerate all combinations, we suggest defining intra-band and inter-band in the spec and adding these two items in the component. 

In addition, RAN1 had already agreed that for PDCCH ordered RACH, if RAR is not needed, the TA value of candidate cell is indicated in cell switch command. We think that this part should also be addressed in the description. So we suggest to update FG45-5 as follows.

[bookmark: _Ref146830027]Proposal 6: Update FG 45-5 as follows.
	45. NR_Mob_enh2
	45-5
	RACH-based early TA acquisition
	1. TA acquisition of candidate cell(s) based on PDCCH ordered CFRA procedure before receiving cell switch command MAC-CE [for serving and non-serving cell ]


2. Power ramping for PRACH retransmission based on PDCCH order indication

3. Handling the overlap between UL transmission on serving cell(s) in one band and PRACH transmission  on intra-or inter- frequency candidate cell(s) in the intra-band or inter-band

4. Support of TA indication in cell switch command with early RACH

	
	Yes
	No
	FFS
	Per target band per BC
	No
	No
	n/a
	Component 3 candidate values: intra-band{support, not support}, inter-band{ support, not support }

where
· The intra-band means the band with RACH transmission on candidate cell(s) is the same with band with serving cells 
· The inter- band means the band with RACH transmission on candidate cell(s) is different with band with serving cells 
· 

Note: if UE does not support RACH-based early TA on a band, this band will not be reported in the target band list
	Optional with capability signalling



FG45-7

As previously mentioned, RAN1 has now agreed on three mechanisms for UE to obtain the TA of the candidate cell: PDCCH-ordered based RACH, UE-based TA measurement, and RACH-less mechanism. Among these, the PDCCH-ordered based RACH mechanism can be supported by UE reporting FG45-5, and the UE-based TA measurement can be supported by UE reporting FG45-6. Therefore, it would naturally follow that the RACH-less mechanism can be supported by UE reporting FG45-7. Considering the mechanism of "TA indication in cell switch command with RACH" is more like "PDCCH-ordered based RACH mechanism without the RAR", we think it should have already been covered by FG45-5. Therefore, we suggest changing the description of FG45-7 from “TA indication in cell switch command with and without RACH” to “TA indication in cell switch command without early RACH” to avoid confusion.


[bookmark: _Ref146830035]Proposal 7: Update FG 45-7 as follows.
	45. NR_Mob_enh2
	45-7
	TA indication in cell switch command with and without RACH
	Support of TA indication in cell switch command with and without early RACH
	
	Yes
	No
	TA indication in cell switch command with and without early RACH is not supported 
	Per BC
	No
	No
	n/a
	
	Optional with capability signalling



3. Conclusion
In summary, we have the following observation and proposals:
Proposal 1: Update components of FG 45-1 as follows.
	45. NR_Mob_enh2
	45-1
	L1 measurement and reports for L1-L2 Triggered Mobility (LTM) procedure[—processing capability]
	1. Support of [synchronous and asynchronous] [intra-frequency and inter-frequency] L1- RSRP measurement and reporting based on SSB(s) of candidate cell(s) 
[2. Maximum number of RRC configured candidate cells for L1-RSRP measurement] 
[3. Maximum number of measured candidate cells for all periodic reports, activated semi-persistent reports, and triggered aperiodic reports at a given time]
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.  
[5. The max number of SSB resources configured to measure L1-RSRP within a slot with candidate cells across all CC ]
6 Support of MAC-CE based cell switch operation
[7. Support periodic reporting on PUCCH, semi-persistent reporting on PUCCH/PUSCH, and aperiodic report on PUSCH]
	
	Yes
	No
	UE does not support Rel-18 LTM operation
	[Per band/BC]
	No
	No
	n/a
	[Component 2 candidate values: {1,2,3,4,5,6,7}]
[Component 3 candidate values: FFS]
Component 4 candidate values: 
L: {[1,] 2,3,4 }
M:  {1, 2,3,4}
M  L: FFS
[Component 5 candidate values: {1,2,4,8}]
	Optional with capability signalling



Proposal 2: Introduce FG 45-1a, FG 45-1b as follows
	45. NR_Mob_enh2
	45-1a
	Asynchronous intra-frequency L1 measurement for L1-L2 Triggered Mobility (LTM) procedure
	1. Support of  asynchronous intra-frequency L1- RSRP measurement and reporting based on SSB(s) of candidate cell(s) 

	45-1
	Yes
	No
	UE does not support Rel-18 LTM asynchronous intra-frequency L1- RSRP measurement operation
	[Per band/BC]
	No
	No
	n/a
	
	Optional with capability signalling

	45. NR_Mob_enh2
	45-1b
	Inter-frequency L1 measurement 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) 

	45-1
	Yes
	No
	UE does not support Rel-18 LTM inter-frequency L1- RSRP measurement operation
	[Per band/BC]
	No
	No
	n/a
	
	Optional with capability signalling



Proposal 3: Update FG 45-3 and FG45-3a as follows.
	45. NR_Mob_enh2
	45-3
	LTM beam indication with joint DL/UL TCI states 
	1. Support of unified TCI with joint DL/UL LTM TCI-state indication for LTM procedure.
 
2. Maximum number of configured joint LTM TCI state(s) [across/per] candidate cells [and serving cells] [in a band]

3. Maximum number of configured joint LTM TCI state(s) [across/per] candidate cells and serving cells [in a band]

34. Support of indicating and activating a single joint LTM TCI state in a cell switch command. 
[4. Support LTM TCI-state using SSB as QCL source RS before cell switch for PDCCH and PDSCH reception]
[5. Support LTM TCI-state using SSB as QCL source RS for PDCCH and PDSCH reception]
[6 Support of MAC-CE based cell switch operation]
	
	Yes
	No
	UE does not support Rel-18 LTM operation
	[Per band/BC]
	No
	No
	n/a
	Component 2 candidate values: FFS

Component 3 candidate values: FFS

FFS: how to count total number of joint TCI states

	Optional with capability signalling

	45. NR_Mob_enh2
	45-3a
	MAC-CE activated joint LTM TCI states
	1. Maximum number of MAC-CE activated joint LTM TCI states [per/across all] candidate cells [and serving cells] [in a band]
 
2. Maximum number of MAC-CE activated joint LTM TCI states across all candidate cells and serving cells [in a band]
	
	Yes
	No
	UE does not support MAC-CE activated joint LTM TCI states
	[Per band/BC]
	No
	No
	n/a
	Component 1 candidate values for K: FFS

Component 2 candidate values for K: FFS
	Optional with capability signalling



Proposal 4: Introduce FG 45-3b and FG45-3c as follows.
	45. NR_Mob_enh2
	45-3b
	LTM beam indication in cell switch command with TCI states using SSB as QCL source RS 
	1. Support LTM TCI-state using SSB as QCL source RS for PDCCH and PDSCH reception after cell switch

	
	Yes
	No
	UE does not support LTM beam indication with TCI states using SSB as QCL source RS for PDCCH and PDSCH reception after cell switch
	[Per band/BC]
	No
	No
	n/a
	
	Optional with capability signalling

	45. NR_Mob_enh2
	45-3c
	LTM TCI states using TRS as QCL source RS before cell switch
	1. Support LTM TCI-state using TRS as QCL source RS before cell switch
	
	Yes
	No
	UE does not support LTM TCI-state using TRS as QCL source RS before cell switch
	[Per band/BC]
	No
	No
	n/a
	
	Optional with capability signalling



Proposal 5: Update FG 45-4 and FG45-4a as follows.
	45. NR_Mob_enh2
	45-4
	LTM beam indication with separate DL/UL TCI states 
	1. Support of unified TCI with separate DL/UL TCI-state indication for LTM procedure. 
2. Maximum number of configured DL TCI state(s) [per/across all] candidate cells [and serving cells] [in a band]
3. Maximum number of configured UL TCI state(s) [per/across all] candidate cells [and serving cells] [in a band]

4. Maximum number of configured DL TCI state(s) across all candidate cells and serving cells [in a band]
5. Maximum number of configured UL TCI state(s) across all candidate cells and serving cells [in a band]


46. Support of indicating and activating a pair of UL/DL TCI-state in a cell switch command. 
[5 7. Support TCI-state using SSB as QCL source RS before cell switch for PDCCH and PDSCH reception
[5. Support TCI-state using TRS as QCL source RS for PDCCH and PDSCH reception]
[6 Support of MAC-CE based cell switch operation]
	
	Yes
	No
	UE does not support Rel-18 LTM operation with separate DL/UL TCI states
	[Per band/BC]
	No
	No
	n/a
	Component 2 candidate values: FFS
Component 3 candidate values: FFS

Component 4 candidate values: FFS


Component 5 candidate values: FFS


	Optional with capability signalling

	45. NR_Mob_enh2
	45-4a
	MAC-CE activated DL/UL TCI states
	1. Maximum number K1 of MAC-CE activated DL TCI states [per/across all] candidate cells [and serving cells] [in a band] before cell-switch command
2. Maximum number K2 of MAC-CE activated UL TCI states [per/across all] candidate cells [and serving cells] [in a band] before cell-switch command

3. Maximum number K3 of MAC-CE activated DL TCI states across all candidate cells and serving cells [in a band] before cell-switch command
4. Maximum number K4 of MAC-CE activated UL TCI states across all candidate cells and serving cells [in a band] before cell-switch command
	
	Yes
	No
	UE does not support MAC-CE activated DL/UL TCI states
	[Per band/BC]
	No
	No
	n/a
	Component 1 candidate values: FFS

Component 2 candidate values: FFS

Component 3 candidate values: FFS

Component 4 candidate values: FFS
	Optional with capability signalling



Proposal 6: Update FG 45-5 as follows.
	45. NR_Mob_enh2
	45-5
	RACH-based early TA acquisition
	1. TA acquisition of candidate cell(s) based on PDCCH ordered CFRA procedure before receiving cell switch command MAC-CE [for serving and non-serving cell ]


2. Power ramping for PRACH retransmission based on PDCCH order indication

3. Handling the overlap between UL transmission on serving cells in one BC and PRACH transmission  on intra-or inter- frequency candidate cell(s) in the intra-band or inter-band

4. Support of TA indication in cell switch command with early RACH


	
	Yes
	No
	FFS
	Per target band per BC
	No
	No
	n/a
	Component 3 candidate values: intra-band{support, not support}, inter-band{ support, not support }

where
· The intra-band means the band with RACH transmission on candidate cell(s) is the same with band with serving cells 
· The inter- band means the band with RACH transmission on candidate cell(s) is different with band with serving cells 
· 

Note: if UE does not support RACH-based early TA on a band, this band will not be reported in the target band list
	Component 3 candidate values: intra-band{support, not support}, inter-band{ support, not support }
	Optional with capability signalling



Proposal 7: Update FG 45-7 as follows.
	45. NR_Mob_enh2
	45-7
	TA indication in cell switch command with and without RACH
	Support of TA indication in cell switch command with and without early RACH
	
	Yes
	No
	TA indication in cell switch command with and without early RACH is not supported 
	Per BC
	No
	No
	n/a
	
	Optional with capability signalling
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