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1 Introduction
In RAN#100 meeting, a revised WID on Further NR mobility enhancements was approved [1], and then, for UE features for NR mobility enhancements, RAN1 UE features list for Rel-18 NR after RAN1#114 is updated in [2]. In this contribution, we elaborate our views on the updated UE features for Rel-18 NR mobility enhancements.
2 L1 enhancements for inter-cell beam management
A list of UE features (45-1 ~ 45-4a) are developed for Rel-18 L1 enhancements for inter-cell beam management, and then we will share our views for these features in this section.
2.1	L1 measurement and reports for L1-L2 Triggered Mobility (LTM) procedure (45-1)
In RAN1#114 meeting, we have the following agreement related to the introduction of additional candidate value for the number of cell reported in a single report instance.
	Agreement
· For the beam selection for SSB based L1-RSRP measurement report,
· For the value of M, L 
· the RRC configured candidate values are: 
· M = 1, 2, 3, 4
· L = 1, 2, 3, 4
· Note: the maximum value of M*L and combination of M and L is up to UE capability
· Note: the common understanding is that L=1 with configuration of inclusion of serving cell is not a typical case. 
· No need to confirm the corresponding working assumption (made in RAN1#113).


Then, besides for introducing above agreed additional candidate value, we have the following analysis for FG 45-1 outcome from RAN1#114 meeting:
· For FG 45-1 “L1 measurement and reports for L1-L2 Triggered Mobility (LTM) procedure”, we don’t need to discuss whether L1/L2-triggered mobility procedure or L1 measurement and reporting depends on the UE processing capability. In our view, measurement and reporting should be regarded as an overall capability and per band.
· For component 1, separate FGs should be introduced for both intra-frequency and inter frequency cases, where only intra-frequency is seen as basic feature, while inter-frequency is optional feature as a UE capability.
· For component 2, RAN2 has agreed that the maximum number of LTM candidate cells in RRC configuration is 8 in RAN2#123 meeting. 
	The size of “Target Configuration ID” field in the LTM Command MAC CE is 3-bits, and the maximum number of LTM candidate cells in RRC configuration is 8.


· For component 3, from saving UE energy and supporting consecutive cell switching scenario perspective, the maximum number of measured candidate cells should NOT be larger than the maximum number of configured candidate cells. Specific candidate values can be 1,2,3,4,5,6,7,8.
· For component 4, the minimum number of reported cells can be 1. Further, according to the value of M and L, M * L can be any of 2, 3, 4, 6, 8, 9, 12, 16 depending on UE capability.
· For component 7, if we don’t identify a strongly necessity to separate different report type, we tend to keep current wording. Besides, we correct a type, such as component 7 to be changed as component 6.
Proposal 1: For FG 45-1 ‘L1 measurement and reports for L1-L2 Triggered Mobility (LTM) procedure’, the following modification is proposed in red.
	45.
NR_Mob_enh2
	45-1
	L1 intra-frequency 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 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.  
[5. The max number of SSB resources configured to measure L1-RSRP within a slot with candidate cells across all CC ]
[7 6. 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, 8}]
[Component 3 candidate values: FFS] {1,2,3,4,5,6,7, 8}
Component 4 candidate values: 
L: {[1,] 2,3,4 }
M:  {1, 2,3,4}
M  L: FFS{2, 3, 4, 6, 8, 9, 12, 16}
[Component 5 candidate values: {1,2,4,8}]
	Optional with capability signalling

	
	45-1a
	L1 inter-frequency measurement and reports for L1-L2 Triggered Mobility (LTM) procedure
	1. Support of inter-frequency L1- RSRP measurement and reporting based on SSB(s) of candidate cell(s) 
2. Maximum number of RRC configured candidate cells for 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
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 periodic reporting on PUCCH, semi-persistent reporting on PUCCH/PUSCH, and aperiodic report on PUSCH
	45-1
	
	
	
	
	
	
	
	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: {2, 3, 4, 6, 8, 9, 12, 16}
Component 5 candidate values: {1,2,4,8}
	



2.2	Inclusion of current SpCell in the L1 measurement report (45-2)
In RAN1#114 meeting, RAN1 has agreed that only one cell can be allowed to be reported in a single report instance and the cell can be serving cell but it is not a typical case. Based on this conclusion, we understand that whether current SpCell is always included in a single report instance should be left for UE capability. Besides, we propose keeping this FG as an independently FG since we don’t identify necessity to merge this FG into FG 45-1 and per band to be configured.
Proposal 2: For FG 45-2 ‘Inclusion of current SpCell in the L1 measurement report’, the following modification is proposed in red
	45.
NR_Mob_enh2
	45-2
	Inclusion of current SpCell in the L1 measurement report
	1. Support of [always] including the current SpCell in the L1 measurement report
	45-1
	Yes
	No
	UE does not [always] include measurement report for SpCell in the L1 measurement report
	[Per band/BC]
	No
	No
	n/a
	FFS: whether to merge this FG with FG 45-1
	Optional with capability signalling



2.3	TCI state related FGs (45-3/3a/4/4a)
For TCI state related FGs, we have the following analysis for FG 45-3/3a/4/4a outcome from RAN1#114 meeting:
· For FG 45-3 and FG 45-4, 
· Regarding the maximum number of configured joint LTM TCI states, or DL TCI states or UL TCI states, it can be determined and updated until RAN2 has a clear conclusion. But for FFS on how to count total number of joint TCI states, we propose removing it since we don’t identify a significantly need.
· Regarding component 2 in FG 45-3 and component 2 and 3 in FG 45-4, we learned from RAN2 that TCI states are configured per candidate cell, not across candidate cells. However, from capability perspective, we slightly prefer to define two independently capabilities for maximum number of configured joint LTM TCI state(s) per candidate cell and across candidate cells for component 2 in FG 45-3. Because without capability restriction of these two dimensions, it may result in the total number of TCI state configured from different candidate cells far exceeding the maximum number of TCI states that UE can support. Besides, TCI state list for candidate cell is not limited to be configured under a specific BWP according to current RRC signaling architecture. The same logic can also be applied for component 2 and 3 in FG 45-4.
· Regarding component 4 and 5 in FG 45-3, there seems to be a typo for component 5, such as this component would like to reflect “TRS as QCL source in a TCI state” case, not SSB according to discussion at the last meeting. Besides, for component “Support LTM TCI-state using TRS as QCL source RS for PDCCH and PDSCH reception” in FG 45-3 and FG 45-4, we suggest it should be configured as a separate FG since TRS configured as QCL source in TCI state is an optional feature compared with “SSB configured as QCL source in TCI state”.
· For FG 45-3a and FG 45-4a, 
· In Clause 6.1.3.xz	Candidate Cell TCI States Activation/Deactivation MAC CE of TS 38.321 running CR in RAN2#123 meeting [3], we can notice that RAN2 has assumed that TCI state activation is done per candidate cell, and the maximum number of activated TCI states is 16.
· Regarding per band or per BC, these FGs can be configured as per band. 
Proposal 3: For FG 45-3/3a/4/4a/x ‘TCI state related FGs’, the following modification is proposed in red
	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. 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 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]
X. Maximum number of configured joint LTM TCI state(s) across candidate cells
	
	Yes
	No
	UE does not support Rel-18 LTM operation
	[Per band/BC]
	No
	No
	n/a
	Component 2 candidate values: FFS

FFS: how to count total number of joint TCI states

Component X candidate values: FFS

	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]
	
	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 16
	Optional with capability signalling

	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. Support of indicating and activating a pair of UL/DL TCI-state in a cell switch command. 
[5. Support TCI-state using SSB as QCL source RS 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]
X1. Maximum number of configured DL TCI state(s) across all candidate cells
X2. Maximum number of configured UL TCI state(s) across all candidate cells
	
	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 2 3 candidate values: FFS

Component X1 candidate values: FFS
Component X2 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
	
	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 8

Component 2 candidate values: FFS 8
	Optional with capability signalling

	
	45-x
	LTM TCI-state using TRS as QCL source RS for PDCCH and PDSCH reception

	Support LTM TCI-state using TRS as QCL source RS for PDCCH and PDSCH reception

	
	
	
	
	
	
	
	
	
	Optional with capability signalling


3 Timing advance management to reduce latency 
A list of UE features (45-5 ~ 45-7) are developed for Rel-18 Timing advance management to reduce latency, and then we will share our views for these features in this section.
In RAN1#114 meeting, we have the following agreement on simultaneous/parallel transmissions of PRACH in candidate cell and UL channels and signals in serving cell in the same frequency range.
	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.


Then, besides for above agreement, we have the following analysis for FG 45-5/6/7 outcome from RAN1#114 meeting:
· For FG 40-5, 
· Regarding component 1, PDCCH ordered CFRA can be used to acquired TA of serving cell and candidate cell according to “cell indicator” field in clause 7.3.1.2.1 DCI format 1_0 of TS 38.212. Based on this, TA acquisition before cell switch command should be allowed for serving cell and candidate cell (or non-serving cell). where candidate values for the number of acquired TA can be 2,3,4,5,6,7,8 in addition to 1 and it should be not larger than the number of configured candidate cell. 
· Regarding component 3, the agreement corresponding to component 3 has been endorsed in RAN1#114 meeting, more details can be found in the above agreement.
· Regarding per band or per BC, these FGs can be configured as per band. 
Proposal 4: For For FG 45-5/6/7 ‘TA acquisition related FGs’ the following modification is proposed in red.
	[bookmark: _GoBack]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 and PRACH on intra- or inter-frequency candidate cell(s)] 
	
	Yes
	No
	FFS
RACH-based early TA acquisition is not supported
	[Per band/BC]
	No
	No
	n/a
	[Component 1 candidate values {1, 2,3,4,5,6,7,8 FFS}]
	Optional with capability signalling

	45.
NR_Mob_enh2
	45-6
	UE-based TA measurement 
	1. Support of UE-based TA measurement
2. Maximum number of candidate cells that the UE maintains the TA for
	
	Yes
	No
	UE-based TA measurement is not supported 
	[Per band/BC]
	No
	No
	n/a
	
	Optional with capability signalling

	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 RACH
	
	Yes
	No
	TA indication in cell switch command with and without RACH is not supported 
	[Per band/BC]
	No
	No
	n/a
	
	Optional with capability signalling



4 Conclusion
In this contribution, we provide our initial views on Rel-18 UE features for NR mobility enhancements. The detailed observations/proposals can be found in the corresponding sections. 
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