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According to the RAN2#119-e meeting discussion, RAN2 made the following agreements on the latency components which need to be considered in the Rel-18 mobility enhancement item:
	· 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).


In this contribution, we discuss the potential enhancements which need to be considered for reducing the latency required for providing the finer beam.
Discussion
Latency for finer beam tracking

  
Figure 1: Procedure of the L1/L2 based inter-cell mobility
As illustrated in Figure 1, once the UE receives “Cell Switch CMD” in Step 6, the UE will stops using the source cell configuration for user plan data transmission. The gNB can starts the data transmission with the UE once the UE is DL/UL synchronized to the target cell. The DL synchronization is performed after the reception of the SSB of the target cell. The UL synchronization (if needed) is performed via RACH. Note that for the DL-only SCell, the UL synchronization is not needed. However if RACH is not performed towards the target cell, the UE needs to be indicated of the serving beam of the target cell, via RRC/MAC CE/DCI. The interruption time of “Active TCI state switching delay” is defined in 38.133 [2].
	Component/ Step
	Description
	Time (ms)

	6
	Cell Switch Command via DCI (L1) or MAC CE (L2)
	1 (via DCI) or
4 (via MAC CE) 

	7
	Detach from old cell and synchronize to new cell
	

	7.1
	Tsearch: the time required to search the target cell [2]
	5/15

	7.2
	T∆: time for fine time tracking [2]
	5

	7.3
	Tmargin: time for SSB post-processing [2]
	2

	7.4
	Tprocessing: time for UE processing [2]
	20

	8
	RACH (if UL synchronization is needed) and/or 
Beam Indication (“Active TCI state switching delay” is required according to [2])

TIU: the interruption uncertainty in acquiring the first available PRACH occasion in the new cell [2] = 14 ms
	24 (for 4-step CBRA) or
17 (for 4-step CFRA) or
19 for (for 2-step CBRA/CFRA) or
11 (for DL beam switch)


	
	Typical Total delay [ms] 
	[44, 70]


Table 1: Typical DL latency components during L1/L2 based inter-cell mobility
The latency components provided in Table 1 are based on the following assumptions:
	Evaluation assumptions:
SCS = 15 kHz
SSB transmission periodicity = 5 ms
PRACH occasion association period = 4 ms
MAC-CE based TCI state switch [2] for Step 8 = 11ms
The timing between DL data transmission and UL acknowledgement = 1 ms
DL data transmission via Msg4/MsgB
The timing between PRACH and PUSCH for MsgA = 2 ms
Other delay components for RACH are based on 3GPP TR 36.881.


For PCell/PSCell, after the cell switching, the gNB will need to send a MAC CE to indicate a finer beam for data transmission, which causes around 10ms interruption.
Observation 1: After the cell switching, the MAC CE-based TCI state switching causes around 10ms interruption.
According to the RAN2#119-e meeting discussion, RAN2 considers to reduce the time for uplink synchronization. If the RACH for uplink synchronization is not used, the UE is not able to get the initial TCI state/ QCL relation for the target cell via the RACH procedure. Thus, the UE needs to be indicated on which TCI state will be used after the cell switching.
Observation 2: If the RACH for uplink synchronization is not used, the TCI state of the target cell needs to be indicated to the UE after the cell switching, as the UE is no longer able to use the RACH procedure to get the initial TCI state for data transmission at the target cell. 
The potential enhancement would be to indicate the TCI state together with the “Cell Switch Command”, so that the UE can reduce the extra time for processing the MAC CE indicating the TCI state of the target cell. As such we consider that to reduce HO interruption time, RAN2 should investigate solutions to reduce the time for TRS tracking after HO, i.e. the time to use a high-performance beam.
Proposal: To reduce HO interruption time, RAN2 should investigate the solution to reduce the time for TRS tracking after HO, i.e. the time to use a high-performance beam.

Conclusions
According to the analysis on the delay components for the L1/L2 based inter-cell mobility, we have the following Observation and Proposals:
Observation 1: After the cell switching, the MAC CE-based TCI state switching causes around 10ms interruption.
Observation 2: If the RACH for uplink synchronization is not used, the TCI state of the target cell needs to be indicated to the UE after the cell switching, as the UE is no longer able to use the RACH procedure to get the initial TCI state for data transmission at the target cell. 
Proposal: To reduce HO interruption time, RAN2 should investigate the solution to reduce the time for TRS tracking after HO, i.e. the time to use a high-performance beam.
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