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Introduction
This contribution provides further analysis on beam application time and SFN alignment for L1/L2-based inter-cell mobility.
Discussion
Acquire SFN of the candidate cell 
In legacy handover procedure, UE needs to know SFN of target cell before transmitting PRACH. In handover delay requirements, the SFN acquirement procedure is simultaneously performed with fine time synchronization. In R18 LTM, if UE doesn’t perform pre-UL synchronization, UE is required to perform RACH procedure after it receives cell switch command. Herein SFN information of target cell is needed. To reduce cell switch delay, UE may perform pre-DL sync before cell switch command, then there is no time for UE to perform simultaneous fine timing and SFN acquisition. Another scenario is PDCCH ordered PRACH to candidate cells before cell switch, to correctly perform PRACH, SFN of candidate cell is also needed to know.
Proposal 1: SFN information is needed to be known to transmit PRACH after Cell switch if no pre-UL sync, or for PDCCH-order RACH before cell switch.
One question in RAN1 incoming LS “L1 intra- and inter- frequency measurement and configurations for L1/L2-based inter-cell mobility” [1] is SFN alignment. The question is duplicated as below.
	1. L1 Intra-frequency measurement
Regarding L1/L2-based inter-cell mobility for Rel-18 NR further mobility enhancement, RAN1 made the following agreements for L1 intra-frequency measurement:

Agreement
· For Rel-18 L1/L2 mobility, L1 intra-frequency measurement for candidate cell is supported
· At least the following aspects are for RAN1 further study:
· RAN1 assumes Rel-17 ICBM CSI measurement as starting point.
· Whether and how to apply relaxation for the restrictions imposed on the Rel-17 intra-frequency L1 non-serving cell measurement defined in 9.13.2 of TS38.133, where RAN4 impact is foreseen, e.g.
· SFN offset alignment compared with serving cell
· BWP setting, i.e. non-serving cell SSB should be covered by serving cell active BWP
· Introduction of symbol level gap or SMTC for larger Rx timing difference (i.e. larger than CP length) 
· Commonality with intra-frequency L3 measurement
· Commonality with L1 inter-frequency measurement for measurement configuration
 
[bookmark: _Hlk116971447][bookmark: _Hlk116971433]Question 1 (to RAN4): As mentioned in this agreement, while RAN1 assumes Rel-17 ICBM CSI measurement as starting point for L1 intra-frequency measurement for Rel-18 L1/L2 mobility, RAN1 wonders if the restriction on e.g., SFN offset alignment, BWP setting, i.e. non-serving cell SSB should be covered by serving cell active BWP, and Rx timing difference, etc, described in 9.13.2 of TS38.133 for intra-frequency L1 non-serving measurement can be relaxed or not.




In R4-2303308 it is agreed in RAN4 the SFN alignment can be relaxed. It means that the SFN alignment between PCell and candidate neighbor cells is not guaranteed for LTM before cell switch command.
	Whether SFN offset alignment can be relaxed? [R4-2303308]
· The SFN offset alignment can be relaxed if UE performs L3 measurement before L1 measurement. 



The interpretation of SFN offset is specified in TS38.331,
	sfn-Offset 
Specifies the SFN offset between the cell in which SSB is transmited and serving cell. The offset corresponds to the number of full radio frames counted from the beginning of a radio frame #0 of serving cell to the beginning of the closest subsequent radio frame #0 of the cell in which SSB is transmitted.



For intra-frequency neighbor cell, it is assumed that deriveSSB-IndexFromCell is always enabled for FR1 TDD and FR2 with SCS smaller or equal to 480 kHz. For inter-frequency neighbour cell, when deriveSSB-IndexFromCellInter-r17 is enabled, the UE assumes the SFNs of all cells on the target carrier and reference cell are the same. For the above cases, it is no need to additionally acquire SFN of candidate neighbour cell.
For other cases, e.g., FR1 FDD scenario, UE is supposed to get SFN of the candidate cell before cell switch through SFN acquiring procedure. 
-If UE has performed CSI-RS based L3 measurement, UE shall know where to receive CSI-RS resources, therefore SFN of candidate cell has been obtained during CSI-RS L3 measurement procedure. 
- For inter-frequency L1 measurement, if UE is required to report time index for FR2 SSB-based L3 measurement, UE has to decode DMRS and MIB to read SSB index. Therefore SFN of candidate cell can be obtained during FR2 SSB-based L3 measurement with time index. 
-For inter-frequency L1 measurement, if UE is not required to report time index for FR2 SSB-based L3 measurement, and UE is indicated to perform SSB based L1 measurement on the same cell, after SSB based L3 measurement, the coarse timing is obtained however the time index is unknown. As UE needs to correctly identify SSB index which is indicated as L1-RSRP resource. Therefore before UE perform L1-RSRP measurement, UE has to decode DMRS and MIB to know SSB index. Then SFN of candidate cell can be obtained during decoding FR2 SSB index procedure.  
For other cases, UE is supposed to perform additional procedure to acquire SFN of the target cell before cell switch command.
Proposal 2: 
If deriveSSB-IndexFromCel is enabled for intra-frequency or deriveSSB-IndexFromCellInter is enabled for inter-frequency, the UE assumes the same SFN of candidate neighbour cell as serving cell;
If UE has performed CSI-RS based L3 measurement, SFN of candidate neighbour cell SFN of candidate cell has been obtained during CSI-RS L3 measurement procedure;
For inter-frequency L1 measurement, if UE is required to report time index for FR2 SSB-based L3 measurement, SFN of candidate cell can be obtained during FR2 SSB-based L3 measurement with time index;
For inter-frequency L1 measurement, if UE is not required to report time index for FR2 SSB-based L3 measurement, and UE is indicated to perform SSB based L1 measurement on the same cell, SFN of candidate cell can be obtained during FR2 SSB-based L1 measurement.  
For other cases, UE is supposed to perform additional procedure to acquire SFN of the target cell before cell switch command.

PDCCH-order based RACH
In RAN1 meeting, RAN1 ask RAN4 for some feedback on time gap between a PDCCH order and the corresponding PRACH transmission [R1-2304276].
	1. Time gap between a PDCCH order and the corresponding PRACH transmission
RAN1 discussed the time gap between a PDCCH order and the corresponding PRACH transmission for LTM. RAN1 believes that this will require that the time gap is increased at least for the following scenario
· For PDCCH-order based PRACH on a candidate cell that is not a current serving cell with PUCCH/PUSCH or inter-frequency with the current serving cell
RAN1 relies on RAN4: 
· to verify the need for the above additional latency and, if so, the corresponding value is needed.
· to investigate any impact/interruption on UL Tx of serving cell due to the PRACH Tx on a candidate cell that is not a current serving cell with PUCCH/PUSCH
· to verify the need for any update is required to ΔBWPSwitching, ΔDelay if so, the corresponding values and whether UE capability is needed
Potential RAN1 spec update will be based on RAN4’s feedback.




After several meetings discussion, the following agreements on the component of the time gap are reached [2]. 
	For the need for any update is required to ΔBWPSwitching, ΔDelay,
· For ΔDelay: RAN4 has agreed to not change the component.
· For ∆BWPSwitching: It is not needed.
For the need for additional latency, RAN4 agreed to introduce new additional delay components at least for SSB based T/F tracking (TSSB) and RF and/or BB preparation and retuning (∆RF/BB_preparation ). The additional delay components introduced are clarified as follows: 
TSSB:
· If TCI state of target cell has been activated before PDCCH ordered RACH, and if SSB index indicated in PDCCH order is in the active TCI state list, and measurement period of L1-RSRP is no longer than 160ms, UE doesn’t need additional time for SSB based T/F tracking to meet UL transmission timing requirements, that is, TSSB = 0.
· If SSB index indicated in PDCCH order is not in the active TCI state list that has been activated for the target cell, when the measurement period of L1-RSRP is no longer than 160ms, whether additional delay is needed for TSSB is FFS.
· Otherwise, TSSB is needed, and the value is FFS.
∆RF/BB_preparation:
· [bookmark: _Hlk143837117]For the case of PRACH bandwidth of neighbor cell is within active UL BWP, ∆RF/BB_preparation is FFS.
· For the case of PRACH bandwidth outside active UL BWP but within one of configured UL BWPs of any active serving cell, ∆RF/BB_preparation is DCI based BWP switching delay specified in clause 8.6 of TS 38.133 (in TS 38.133, DCI based BWP switch delay value is dependent on UE capability). 
· For the case of PRACH bandwidth is not within any of the configured UL BWPs of any active serving cell, ∆RF/BB_preparation is FFS
    
For any impact/interruption on UL Tx and/or DL Rx of serving cell due to the PRACH Tx on a candidate cell that is not a current serving cell with PUCCH/PUSCH, RAN4 is still discussing.





For R18 LTM, UE would transmit PDCCH order based PRACH to candidate neighbour cell. Based on our understanding the timeline from reception of DCI command for PDCCH order to transmission PRACH on RO to candidate cell is shown Figure 1. In the following, time duration for the undecided component is analysed.
[image: ]
Figure 1 timeline for PDCCH order based RACH on neighbour cell
· TSSB
PDCCH ordered RACH transmission for candidate cell before cell switch command shall satisfy the legacy timing error Te requirements. There is a condition for uplink timing accuracy:
When the UL SCS is 120 kHz or smaller, the UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms.
It means that to guarantee UL transmission, DL sync shall be first ensured. After DL sync is ready, UE would start UL preparation related work. 
Upon UE receives cell switching command, UE first decodes the command (THARQ+3ms) and process L1/L2/L3 (Tprocessing2), at this moment, if the time tracking is valid, the fine time acquisition step can be skipped. As per agreement achieved at RAN4#107 meeting, at least one SSB is available in last 160ms to support the first UL transmission.  In RAN4# 108 meeting, it is also agreed that if TCI state of target cell has been activated before PDCCH ordered RACH, and if SSB index indicated in PDCCH order is in the active TCI state list, and measurement period of L1-RSRP is no longer than 160ms, UE doesn’t need additional time for SSB based T/F tracking to meet UL transmission timing requirements, that is, TSSB = 0.
If SSB index indicated in PDCCH order is not in the active TCI state list that has been activated, and when the measurement period of L1-RSRP is no longer than 160ms, one complete SSB burst is needed for fine time tracking. 
Proposal 3: If SSB index indicated in PDCCH order is not in the active TCI state list that has been activated, and when the measurement period of L1-RSRP is no longer than 160ms, one complete SSB burst is needed for fine time tracking.
· ∆RF/BB_preparation
Several cases are supposed to be discussed.
· For the case of PRACH bandwidth of neighbor cell is within active UL BWP,  UE has no need to retune RF, ∆RF/BB_preparation can be zero.
· For the case of PRACH bandwidth outside active UL BWP but within one of configured UL BWPs of any active serving cell, it is agreed that ∆RF/BB_preparation is DCI based BWP switching delay specified in clause 8.6 of TS 38.133 (in TS 38.133, DCI based BWP switch delay value is dependent on UE capability). 

· For the case of PRACH bandwidth is not within any of the configured UL BWPs of any active serving cell, UE needs to re-load RF parameters. The case is alike inter-frequency measurement where 0.5ms (FR1) and 0.25ms (FR2) are reserved for RF retuning. Considering the current DCI based BWP switch delay has sufficient margin to accommodate additional RF loading time, ∆RF/BB_preparation can be DCI based BWP switching delay as well.

· Table 8.6.2-1: BWP switch delay
	[image: ]
	NR Slot length 
	BWP switch delay TBWPswitchDelay (slots)

	
	(ms)
	Type 1Note 1
	Type 2Note 1

	0
	1
	1
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	18

	5
	0.03125
	20
	65

	6
	0.015625
	39
	129

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the smaller SCS between the SCS before BWP switch and the SCS after BWP switch.


· 
Proposal 4: Regarding  ∆RF/BB_preparation
· For the case of PRACH bandwidth of neighbor cell is within active UL BWP, ∆RF/BB_preparation can be zero.
· For the case of PRACH bandwidth is not within any of the configured UL BWPs of any active serving cell, ∆RF/BB_preparation is DCI based BWP switching delay specified in clause 8.6 of TS 38.133.

Conclusions
This contribution provides further analysis on beam application and SFN alignment for L1/L2-based inter-cell mobility. The following proposals are provided:
Proposal 1: SFN information is needed to be known to transmit PRACH after Cell switch if no pre-UL sync, or for PDCCH-order RACH before cell switch.
Proposal 2: 
If deriveSSB-IndexFromCel is enabled for intra-frequency or deriveSSB-IndexFromCellInter is enabled for inter-frequency, the UE assumes the same SFN of candidate neighbour cell as serving cell;
If UE has performed CSI-RS based L3 measurement, SFN of candidate neighbour cell SFN of candidate cell has been obtained during CSI-RS L3 measurement procedure;
For inter-frequency L1 measurement, if UE is required to report time index for FR2 SSB-based L3 measurement, SFN of candidate cell can be obtained during FR2 SSB-based L3 measurement with time index;
For inter-frequency L1 measurement, if UE is not required to report time index for FR2 SSB-based L3 measurement, and UE is indicated to perform SSB based L1 measurement on the same cell, SFN of candidate cell can be obtained during FR2 SSB-based L1 measurement.  
For other cases, UE is supposed to perform additional procedure to acquire SFN of the target cell before cell switch command.
Proposal 3: If SSB index indicated in PDCCH order is not in the active TCI state list that has been activated, and when the measurement period of L1-RSRP is no longer than 160ms, one complete SSB burst is needed for fine time tracking.
Proposal 4: Regarding  ∆RF/BB_preparation
· For the case of PRACH bandwidth of neighbor cell is within active UL BWP, ∆RF/BB_preparation can be zero.
· For the case of PRACH bandwidth is not within any of the configured UL BWPs of any active serving cell, ∆RF/BB_preparation is DCI based BWP switching delay specified in clause 8.6 of TS 38.133.
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