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[bookmark: _Ref47278890]1	Introduction 
[bookmark: _Ref32352040][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]The Rel-18 WID on further NR mobility enhancements is approved [1], which includes the following objective:
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
· Timing Advance management [RAN1, RAN2]
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]

Note 2: FR2 specific enhancements are not precluded, if any.
Note 3: 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
· Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)

In Rel-15/16/17, there can be only one single TA per CC, and it is further assumed at the received signals from different TRPs are withing the CP at the UE side. Such assumption limits the deployment scenario and hardly support the need for mobility purpose. In this contribution, we discuss framework and possible enhancements to enable two TAs in a CC that is configured with L1/L2 based inter-cell mobility.
2	Timing advance management to reduce latency
In the last meeting, RAN2 made following assumptions for Rel-18 L1 L2 Mobility scenarios [1]:

	Assumption: HO interruption time for L1/L2-based inter-cell mobility is the time from UE receives the cell switch command to UE performs the first DL/UL reception/transmission on the indicated beam of the target cell. FFS if TRS tracking after HO and CSI RS measurement should also be included, i.e. the time to use a high-performance beam (can be clarified further).
Assumption: To reduce HO interruption time, investigate e.g. solutions to reduce the time for UE reconfiguration (already in the WID), downlink and uplink synchronization after handover decision (other parts of dynamic switch not precluded).
Confirm to Support L1/L2-based inter-cell mobility for inter-DU scenario (as well as intra-DU scenarios).  
The design for intra-DU and inter-DU L1/L2-based mobility should share as much commonality as reasonable. FFS which aspects need to be different.
R2 assumes that L2 is continued whenever possible (e.g. intra-DU), without Reset, with the target to avoid data loss, and the additional delay of data recovery.
ICBM is one scenario considered for L1L2 mobility, but is not the only one, and is not a prerequisite for using L1L2 mobility.
RAN2 to consider preparation of target cell configurations capable of dynamic switching without need for full configuration.
Measurement delay can/may be considered in this work
Assume that we rely on L1 measurements to trigger L1L2 mobility (still measurement for preparation could be L3, FFS)
R2 will initially focus on PCell mobility. 
R2 assumption: Rel-18 L1/L2 mobility includes both non-CA (PCell only) and CA scenarios (PCell and SCell). This includes the following cases
a) the target PCell/target SCell(s) is not a current serving cell (CA  CA scenario with PCell change)
b) FFS the target PCell is a current SCell
c) FFS the target SCell is the current PCell.
DC scenarios are FFS (e.g. PSCell mobility may be a low hanging fruit FFS). 




[bookmark: _Hlk115382977]According to the aforementioned RAN2 conclusions, reducing the HO interruption time is one of the agreed improvement goals. As shown in below Figure 1, based on the baseline time chart provided in RAN2 discussion [Post119-e][036], the interruption time mainly contributed by the DL/UL synchronization time after the cell switch command. To further reduce the handover interruption time, UE has to measure the DL RS of candidate cell and transmit PRACH toward candidate cell in advance. If UE is able to maintain DL RS of the target cell in advance, it is case 1; if UE is able to transmit PRACH toward target cell in advance, it is the case 2. 
[image: ]
[bookmark: _Ref115436458]Figure 1: Mobility latency time chart
Based on that observation, RAN1 needs to discuss the pros and cons for UE to support multiple TAs management for Rel-18 L1 L2 mobility.
[bookmark: _Ref115436225]Observation 1: Handover interruption time can be further reduced if UE can transmit PRACH toward target cell in advance
[bookmark: _Ref115383645][bookmark: _Ref115436252]Proposal 1: RAN1 should study the necessity for multiple TAs management to support Rel-18 L1 L2 mobility

Assuming that Proposal 1 can be agreed, then what we need to discuss next is the target scenarios to be enhanced. Based on RAN2 conclusions, we know that ICBM will be considered as one of the cases supported for L1/L2-based inter-cell mobility. As shown in Figure 2 (a), Rel-17 ICBM applies the unified TCI framework, UE switches to a non-serving beam which is indicated in the TCI state. Currently, RAN4 assumes that non-serving cell L1 measurement will only be performed on the known cell, i.e., the cell that L3 measurement has already been done. In the meanwhile, DL reception time difference of SSBs/CSI RS between serving cell and non-serving cell is within one CP duration. It means that the timing difference, i.e. clock error, between cells is relatively small. Although this is not a typical case of inter-cell mobility, the benefit is that we can leverage a unified TCI framework to specify the corresponding spec. In RAN1#110, two TAGs per serving cell is agreed for MTRP [3], which can be reused/extended for ICBM. Considering that RAN2 are now still discussing whether to support PCell – SCell switching, we can focus on PCC in current stage
[bookmark: _Ref115436254]Proposal 2: For ICBM case, study the possibility that UE maintains 2 TAGs per PCC to reduce the handover interruption, whether UE needs to maintain 2 TAGs for each SCC depends on RAN2 conclusions

[bookmark: _Hlk115421548]Most L1/L2-based inter-cell mobility cases are as shown in Figure 2 (b), where the DL reception time difference between serving cell and neighbouring cell is larger than CP duration. We are now not sure whether RAN2 will support this scenario in Rel-18 L1 L2 mobility, but we can analyse the differences first. In order to maintain good mobility and at the same time reduce the handover interruption, it is better for the UE to monitor every possible target cell in advance. From the perspective of UE implementation, the main difference between supporting inter-cell non-serving beam switching (within current scope of ICBM) and supporting inter-cell neighbouring beam switching is: in order to simultaneous maintain link toward serving cell and link toward neighbouring cell, UE needs extra DL measurement/UL transmission resource including storage resource, RF resource, and hardware/software resource to perform measurement/transmission. That limits the number of cell that UE can monitor. But anyway at least we are sure, to maintain mobility and further reduce the handover interruption, it is necessary for UE to simultaneously maintain at least two TAGs.
[bookmark: _Ref115436255]Proposal 3: For the L1/L2-based inter-cell mobility scenario, when DL reception time difference between serving cell and neighbouring cell is larger than CP duration, study the possibility that UE maintains at least 2 TAGs for PCC

[image: ]
(a) Rel-17 ICBM: inter-cell non serving cell switching
[image: ]
(b) Rel-18 L1/L2 mobility: need to extend to inter-cell neighbouring beam switching
[bookmark: _Ref115362039]Figure 2: Co-existence of Rel-17 ICBM and Rel-18 L1/L2 mobility

The following issue to be studied is how to associate TAG? Currently, ICBM is the only confirmed case to be considered and “associate TAG to TCI-state/spatial relation” is the majority view in Rel-18 MTRP working group. We can leverage the agreement made in Rel-18 for MTRP to ICBM case. However, for mobility enhancement purpose, only focus on current ICBM scope is unrealistic. To accommodate all scenarios and have a unified solution for Rel-18 L1/L2 mobility, one possible way to solve this issue is to allow multiple TCI states monitoring. As shown in Figure 2 (b), TCI state of cell A and TCI state of cell B are both given and monitored before the cell switch command. Here, the second TCI state B, i.e., TCI state of neighboring cell, can be indicated by Network based on reported L3 measurement results. It has following combinations:

[bookmark: _Ref115433069]Table 1: Scenarios for multiple TCI-state monitoring
	Scenario
	TCI-state of Cell A
	TCI-state of Cell B

	# 1
	Legacy TCI state
	Legacy TCI state

	# 2
	Unified TCI state
	Legacy TCI state

	# 3
	Legacy TCI state
	Unified TCI state

	# 4
	Unified TCI state
	Unified TCI state



Whether to support all scenarios listed in Table 1 can be for future study, RAN1 can first confirm the feasibility of associating TAG to TCI-state/spatial relation.
[bookmark: _Ref115368655][bookmark: _Ref115436257][bookmark: _Hlk115433841]Proposal 4: RAN1 should study how to associate RACH procedure to the target TCI state/cell

[bookmark: _Hlk115434912][bookmark: _Hlk115434636]Then we discuss how to provide RACH resource and reference timing for the candidate beam/cell? For inter-cell intra-DU case, we can assume that RACH resources for different cells can be coordinated by the same DU, it means that RACH resources toward serving cell and neighbouring cell might be separated and there is no timing overlapping/collision between them. In the meanwhile, the clock error between 2 cells might be well controlled and be very small. It means that it is possible for UE to transmit PRACHs toward serving cell and toward neighbouring cell both based on the reference timing of source cell. According to the time chart shown in Figure 1, transmitting PRACHs based on reference timing of source cell means that no timing dependency exists between DL synchronization and UL synchronization toward target cell during the handover procedure, UL synchronization can be started earlier and the handover interruption time can be further reduced. 

However, if we further consider the inter-cell inter-DU case, the RACH resources for different cells might be colliding with each other. And the clock error between 2 cells might not be able to be well controlled and become extremely large (extreme case as shown in Table 2, MTTD is too large to be covered by the current guard period design of PRACH format). For this case, UE can only transmit PRACH toward serving cell based on reference timing of source cell and transmit PRACH toward neighbouring cell based on reference timing of neighbouring cell. It means that there exists timing dependency between DL synchronization and UL synchronization toward target cell during the handover procedure, the handover interruption time can not be further reduced. To design a multiple TA management procedure that can provide a complete solution for different deployment, RAN1 can study the possibility of introducing an extra signalling for Network to indicate or for UE to report the reference timing for the PRACH transmission.
[bookmark: _Ref115368660][bookmark: _Ref115436260]Proposal 5: RAN1 should study how to provide RACH resource and reference timing for target TCI state/cell

[bookmark: _Ref115366571]Table 2: Maximum receive timing difference requirement for inter-band asynchronous cells
	Max {Sub-carrier spacing in PCell (kHz), Sub-carrier spacing in PSCell (kHz)} 
	Maximum receive timing difference (µs)

	15
	500

	30
	250

	60
	125

	120
	62.5

	480
	15.625

	960
	7.8125




[bookmark: _Hlk115436167][bookmark: _Hlk115435846]The final issue is how to receive RAR in response to the PRACH transmission toward the candidate beam/cell? For inter-cell intra-DU case, it is possible that RAR is transmitted by Network through the serving cell; however, for inter-cell inter-DU case, the feasibility should be further evaluated. Another possibility is that RAR in response to the PRACH transmission toward the candidate beam/cell is still transmitted through the candidate beam/cell. In this case, companies might need to evaluate whether additional UE reception resources will be requested.
[bookmark: _Ref115436262]Proposal 6: RAN1 should study how to receive RAR in response to the PRACH transmission toward target TCI state/cell

3	Summary
In this contribution, we have following observation
Observation 1: Handover interruption time can be further reduced if UE can transmit PRACH toward target cell in advance

and we propose
Proposal 1: RAN1 should study the necessity for multiple TAs management to support Rel-18 L1 L2 mobility
Proposal 2: For ICBM case, study the possibility that UE maintains 2 TAGs per PCC to reduce the handover interruption, whether UE needs to maintain 2 TAGs for each SCC depends on RAN2 conclusions
Proposal 3: For the L1/L2-based inter-cell mobility scenario, when DL reception time difference between serving cell and neighbouring cell is larger than CP duration, study the possibility that UE maintains at least 2 TAGs for PCC
Proposal 4: RAN1 should study how to associate RACH procedure to the target TCI state/cell
Proposal 5: RAN1 should study how to provide RACH resource and reference timing for target TCI state/cell
Proposal 6: RAN1 should study how to receive RAR in response to the PRACH transmission toward target TCI state/cell
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