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Introduction
[bookmark: _Hlk510705081]To reduce the mobility latency, in Rel-18 WID on Further NR mobility enhancements, RP-231475 [1], one of the objectives having RAN1 impacts was agreed to specify mechanism and procedures of Layer 1/Layer 2 (L1/L2)-triggered mobility (LTM) which includes the following items. 
	1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
· Configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells [RAN2, RAN3]
· Dynamic switch mechanism among candidate serving cells (including SpCell and SCell) for the potential applicable scenarios based on L1/L2 signalling [RAN2, RAN1]
· L1 enhancements for inter-cell beam management, including L1 measurement and reporting, and beam indication [RAN1, RAN2]
· Note 1: Early RAN2 involvement is necessary, including the possibility of further clarifying the interaction between this bullet with the previous bullet
· Note 2: Only SSB-based L1 measurement is supported in this release.
· Timing Advance management [RAN1, RAN2]
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]

Note 3: FR2 specific enhancements are not precluded, if any.
Note 4: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:
· Standalone, CA and NR-DC case with serving cell change within one CG, prioritizing MCG
· Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)
· Both intra-frequency and inter-frequency
· Both FR1 and FR2
· Source and target cells may be synchronized or non-synchronized




RAN1#114 is the first meeting to discuss the LTM related feature groups (FGs) for Rel-18. This document provides our initial views on the FGs related to this WI.
Discussion
In Release-18 Further Mobility Enhancements WI, the main technical features of LTM could be categorized in the following items:
1. L1 Measurements and Reporting
2. Beam Indication (TCI activation and indication)
3. Cell Switch Command
4. TA Management
a. RACH-based Cell Switch
b. RACH-based Early TA Acquisition
c. UE-based TA Measurement
d. Other RACH-less Early TA Acquisition Solutions (when TA = 0 or same as used for one of the current serving cells)
From the above list, items 1, 2, and 3, and 4(a) should be part of the basic mobility support, whereas 4(b), 4(c), and 4(d) could be optionally supported. Based on the RAN1 agreements reached so far for the above LTM features, a skeleton of UE FGs structure is proposed in Table 1. 
Proposal 1:	Add the proposed FGs from Table 1 basis for defining the mobility enhancement FGs.
[bookmark: _Ref142573061]Table 1: Proposed new UE FGs for Rel-18 LTM
	Index
	Feature group
	Components
	Note

	LTM-1-1

	L1 Measurement and Reporting
	· Support SSB based L1-RSRP for intra-frequency measurements using the candidate cell information of SSB periodicity and SSB position in burst
· Support SSB based L1-RSRP for inter-frequency measurements using the candidate cell information of SSB periodicity, SSB position in burst, SSB frequency domain location (e.g., center frequency), SSB SCS
· Note: only intra-frequency measurement may be considered as a basic feature with optional support of inter-frequency measurements 
· Support periodic reporting on PUCCH, semi-persistent reporting on PUCCH/PUSCH, and aperiodic report on PUSCH 
· Support beam reporting of L cells with M beams from each of the L cells, 
· M = {1,2,3,4}, and L = {[1],2,3,4}, 
· MxL = {TBD}
· Support beam reporting of current SpCells with L-1 candidate cells (M beams for each reported cell) 
	Agreement
For candidate cell measurement for Rel-18 LTM, 
· SSB based L1-RSRP is supported for intra-frequency measurement
· SSB based L1-RSRP is supported for inter-frequency measurement from RAN1 point of view
· FFS: L1-SINR, CSI-RS based L1-RSRP

Agreement
For L1-RSRP measurement RS configuration
· For SSB based L1-RSRP measurement: 
· As a starting point, at least the following information needs to be provided to a UE, e.g.
· For intra- and inter- frequency: PCI or logical ID (e.g., as being defined in R17 ICBM), time domain (e.g. SMTC or periodicity and SSB position in burst) 
· For inter-frequency: frequency domain location (e.g. center frequency), SCS
· FFS: transmission power (for pathloss calculation)
· Note: other parameters included in the configuration can be further discussed
· Including above agreement into the LS

Agreement
For the configuration of SSB based L1-RSRP measurement, 
· periodicity of SSB, SSB position in burst are provided as time domain information for intra- and inter- frequency

Agreement
· For gNB scheduled L1 measurement report for Rel-18 LTM, report as UCI is supported
· Semi-persistent report on PUSCH, and aperiodic report on PUSCH are supported
· FFS: periodic and semi-persistent PUCCH
· In a single report instance, report for serving cell and candidate cell(s) for intra-frequency and/or inter-frequency can be included. 

Agreement
Periodic and semi-persistent report on PUCCH are also supported for gNB scheduled L1-measurement reporting.
Agreement
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

[bookmark: _Hlk135843064]Working Assumption
· 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

Agreement
· For the beam selection for SSB based L1-RSRP measurement report,
· The inclusion of current SpCell in the L1 measurement report is configurable.
· new UE capability(ies) are introduced and details can be discussed in UE feature

	LTM-1-2
	Beam Indication
	· Support Rel-17 unified TCI framework-based beam indication for Rel-18 LTM
· Support beam indication provided within the MAC-CE cell switch command either as a single unified joint TCI state or a pair of DL/UL TCI states.
· Support a MAC-CE based TCI state activation of a candidate cell before providing the beam indication in the cell switch command.
·  Note: This support is subject to number of active TCI states the UE can support. To support this feature, minimum number of active TCI states to be supported = 2 or more (where one active TCI state is associated with the current serving cell) 
· Support activation and indication of a single joint TCI state or a pair of UL/DL TCI states in the MAC-CE cell switch command
	Agreement
· The beam indication of candidate cell(s) for Rel-18 LTM should be designed based on the following:
· Beam indication for Rel-18 LTM is designed based on Rel-17 unified TCI framework, if both serving cell and candidate cell support Rel-17 unified TCI framework 
· FFS: whether/how to design mechanism for Beam indication for Rel-18 LTM when at least one from serving cell and candidate cell supports only Rel-15 TCI framework.
· Note: How and whether to indicate the new serving cell(s) and timing for beam indication are separately discussed

Agreement
· For beam indication timing for Rel-18 LTM, 
· Support Scenario 2: Beam indication together with cell switch command, 
· For Rel-17 unified TCI framework, 
· Beam indication indicates TCI state for each target serving cell
· FFS: Scenario 1: Beam indication before cell switch command
· FFS: Scenario 3: Beam indication after cell switch command
· FFS: Activation of TCI state(s) of target serving and/or candidate cell(s).

Agreement
· The agreement on scenario 2 (Beam indication together with cell switch command) at RAN1#111 is further clarified as the following:
· Beam indication for the target cell(s) is conveyed in the MAC CE used for LTM triggering for scenario 2

Agreement
· At least for Rel-17 unified TCI framework based beam indication included in cell switch command (i.e. scenario 2), beam indication applies to signals/channels that follow or are configured to follow Rel-17 unified TCI at the target cell(s) 
· FFS: beam indication for mTRP case

Agreement
Adopt Alt.2 for beam indication of target cell(s) and TCI state activation for candidate cell(s) (if supported) , 
· Alt. 1: By indicating RS identifier, i.e. mapping between RS identifier and Rel-17 unified TCI state is done by a UE
· Alt. 2: By indicating Rel-17 TCI state index

Agreement
For the Rel-17 unified TCI based beam indication in Rel-18 LTM, at least Alt 1 is supported:
· Alt 1: TCI state activation of a candidate cell is received before the reception of beam indication of the candidate cell, 
· Alt 2: TCI state activation of a candidate cell is received together with the reception of beam indication of the candidate cell
· FFS: signalling details for TCI state indication, if both activation and indication are done in the same MAC CE message carrying switch command
· Alt 3: Alt 1 and/or Alt 2 can be supported based on the UE capability
FFS: signalling details for TCI state activation
FFS: For Alt 1, whether/how TCI state activation for candidate cell(s) is allowed
Note: If scenarios 1 and 3 are to be supported other beam indication/TCI activation timing relationships are not precluded.
Agreement 
A UE can be indicated and activated a single joint TCI state or a pair of UL/DL TCI state in the cell switch command.
Agreement
· Each TCI state included up to 2 qcl-types and each qcl-type source RS in a QCL-Info of the TCI state is provided at least based on the RS configuration for LTM
· FFS: other RS index outside measurement RS configuration for LTM
· FFS: Additional contents of TCI states for LTM
Agreement
· For TCI state activation for candidate cell(s) before the cell switch command, 
· MAC CE is used and the details of MAC-CE for TCI state activation for LTM is up to RAN2
· Further study if PDCCH order for candidate cell(s) can be used

	LTM-1-3
	Cell Switch Command
	· Support MAC-CE based cell switch command providing the identity of target cell, beam indication, [active DL and UL BWPs]
· Note: Cell switch command without a valid TA triggering RACH-based cell switch may be considered as a basic LTM feature 

	Agreement
From RAN1 point of view, at least the following information can be included in the cell switch command, which is conveyed by MAC CE
· Information to identify the target cell(s)
· The details including bit number are designed by RAN2
· TA related information (details up to the discussion in A.I. 9.10.2)
· 1 joint or 1 pair of UL and DL unified TCI State index for the target Cell
· Note: discussion on target SpCell is not precluded
· Active DL and UL BWPs for the target cell
· FFS: Triggering of aperiodic TRS transmitted from the target cell
· FFS: Triggering the CSI acquisition of the target cell and reporting to the target cell
· FFS: Triggering of aperiodic SRS transmission to the target cell
· FFS: C-RNTI
· FFS: the presence of each field (i.e. always present or configurable)

Conclusion
Whether active DL and UL BWP of the target Cell/SpCell field, within the cell switch command, is always present or not is left to RAN2 decision.

	LTM-21
	RACH-based early TA Acquisition

	· Support PDCCH ordered RACH with the indication of candidate cell in the DCI containing the PDCCH order
· Support PDCCH ordered RACH for a candidate cell without any RAR.
· Note: Legacy CBRA is not supported
· Support indication in PDCCH order for power ramping for a retransmission without any UE autonomous re-transmission 
· Support MAC-CE Cell switch command providing the value of TA
	Agreement
On mechanism to acquire TA of the candidate cell(s) in Rel-18 LTM, at least support PDCCH ordered RACH.
· The PDCCH order is only triggered by source cell
· FFS: the details including content of DCI, RACH resource configuration, RAR transmission mechanism, etc.
· Note: any other RACH-based solutions are for discussion separately

Agreement
For PDCCH ordered RACH in LTM, at least the following enhancements are supported
· Introduce indication of candidate cell and/or RO of candidate cell in DCI
· configuration of RACH resource for candidate cell(s) is provided prior to the PDCCH order
· FFS: whether/how to transmit RAR

Agreement
[bookmark: _Hlk129005990]The PDCCH order from the source cell contains the indication of candidate cell.
· The reserved bit(s) in DCI format 1_0 for PDCCH order can be used for indication of cell identity

Agreement 
For PDCCH ordered-RACH, if reception of RAR is not configured, UE autonomous re-transmission of PRACH is not allowed, regardless of the configuration of PreambleTransMax
Agreement
For PDCCH order based PRACH to candidate cell, the candidate cell SSB indicated in the PDCCH order serves as the path loss RS for PRACH Tx power determination.
Agreement
On the determination of the PRACH transmission power when reception of RAR is not configured, a 1-bit field in PDCCH order explicitly indicating initial transmission or retransmission of PRACH, FFS
· UE will increase the power with the value of power ramping configuration if it is indicated as re-transmission, unless the max allowed power is achieved
· whether/how to reset the counter


	LTM 2-2
	UE-based TA Measurement
	· Support TA acquisition for a candidate cell by deriving TA using Rx timing difference between current serving cell and the candidate cell

	Agreement
Confirm the following Working Assumption, and sent LS to RAN4 to clarify the feasibility of supporting this mechanism
Working Assumption
From RAN 1 perspective, UE-based TA measurement (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) is supported. 
· Corresponding UE capability is to be introduced to support UE-based TA measurement
· For a UE reports support of this capability, configuration of UE-based TA measurement is supported
· FFS: other impacts on RAN1 spec


	LTM 2-3
	Other RACH-less early TA acquisition
	· Support of early TA acquisition without RACH by  indicating TA value of target cell as TA=0 or keeping the same value as source cell in MAC-CE cell switch command
	Agreement
From RAN 1 perspective, without performing PDCCH-ordered RACH for candidate cell(s), RACH-less mechanism can be supported by indicating TA value of target cell as TA=0 or keeping the same value as source cell in cell switch command.
· Note 1: this doesn’t mean to preclude TA values other than 0 and the same value as source cell in cell switch command for PDCCH-ordered RACH when RAR is not configured for the PDCCH order.
· Note 2: The feasibility and signalling can be further concluded by RAN2





Conclusion
In this contribution we make the following observations and proposals:
Proposal 1:	Add the proposed FGs from Table 1 as basis for defining the mobility enhancement FGs.
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