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Introduction
This contribution provides further analysis on SFN alignment for L1/L2-based inter-cell mobility.
Discussion
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 last meeting, the agreement is achieved in RAN4 as below. Although it is agreed in RAN4 the SFN alignment can be relaxed, from specifying RRM requirements perspective the current conclusion is not sufficient. The essential issue is how UE acquires the timing information of neighbor cell and perform measurement on the indicated L1-RSRP resources on the cell.
	Whether SFN offset alignment can be relaxed?
· The SFN offset alignment can be relaxed if UE performs L3 measurement before L1 measurement. 



For R17 ICBM, in TS38.133 the requirements applicability rule is specified as below,
	The cell with different PCI from serving cell is considered as known if the following conditions are met in this requirement:
-	The SSB from the cell with different PCI completely contained in the active BWP or associated with initial downlink BWP of the UE
-	The SSB of the cell with different PCI from serving cell has the same SCS, sfn-SSB-Offset SFN offset and center frequency as the SSB of the serving cell
-	The timing difference of arrival at UE between the SSBs of serving cell and cell with different PCI is less than CP length of the corresponding SCS
-	The UE has sent a valid L3 measurement report during the last 5 seconds, and
-	The SSB from the cell with different PCI remains detectable according to the cell identification requirements specified in clause 9.2.




It shall be noted that the original IE is sfn-SSB –Offset (in previous TS 38.133 version), however to align with RAN1 it is corrected to SFN offset in RAN4#106 meeting. 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.



Herein in R17 the intra-frequency SSB of the cell with different PCI has the same sfn -Offset as the SSB of the serving cell means that the both SSBs are transmitted with SFN-level synchronization. In R17 ICBM, requirements are only specified for the case that RTD at UE between the SSBs of serving cell and cell with different PCI is less than CP length. With such restriction, it can strictly guarantees the received SSBs with the same time index from serving cell and neighbour cell are SFN alignment, frame boundary alignment, slot boundary alignment and symbol boundary alignment. Therefore UE can use the timing of serving cell as the reference timing when performing L1-RSRP measurement on neighbour cell.
For R18 L1/L2 based mobility, it is agreed that “For SSB based intra-frequency L1 measurement, RAN4 agreed to support the scenario that RTD between the SSBs of serving cell and neighbour cell on the same carrier is larger than CP length of the corresponding SCS”[1]. It means that both cases where RTD less than CP and larger than CP are supposed to be considered.
	[bookmark: _Hlk128499667]Whether to consider RTD of serving cell and neighbour cell larger than one CP for intra-frequency L1-RSRP measurement?
· For SSB based intra-frequency L1 measurement, RAN4 agreed to support the scenario that RTD between the SSBs of serving cell and neighbour cell on the same carrier is larger than CP length of the corresponding SCS with additional UE capability.
· Note: the need for UE capability can be further discussed subject to the outcome of the discussion on measurement framework.



· If the RTD between the SSBs of serving cell and neighbour cell on the same carrier is less than CP length, it is the same as ICBM. That is, when network indicates the SSB index of candidate cell, the timing information of serving cell can be applied for candidate target cell.
· As we know, as long as the frame boundary (including half frame boundary, subframe and slot boundary) across cells on the same frequency is within 2 SSB symbols, UE can derive SSB index from serving cell. Two cases are analyzed respectively. 
· If the RTD between the SSBs of serving cell and neighbour cell on the same carrier is larger than CP length  and less than 2 SSB symbols(CP length< RTD< 2 SSB symbols),  UE can also derive SSB index according to serving cell timing.
· If the RTD between the SSBs of serving cell and neighbour cell on the same carrier is larger than CP length  and larger than 2 SSB symbols(RTD>2 SSB symbols),
· If UE only performed L3 measurement without SSB index reading on the candidate target cell, UE has no idea which SSB is. When network indicates SSB index of neighbor cell for L1-RSRP measurement, UE has to additionally read SSB index.
· If UE has performed L3 measurement and SSB index reading, no additional time for SSB index reading is needed.
Proposal 1: To perform intra-frequency L1-RSRP on candidate target cell, if the RTD between the SSBs of serving cell and neighbour cell on the same carrier is larger than CP length and less than 2 SSB symbols (CP length< RTD< 2 SSB symbols),  UE can derive SSB index according to serving cell timing.
Proposal 2: To perform intra-frequency L1-RSRP on candidate target cell, if SFN offset between serving cell and target cell is not aligned, and if the RTD between the SSBs of serving cell and neighbour cell on the same carrier is larger than 2 SSB symbols (RTD>2 SSB symbols), 
· If UE only performed L3 measurement without SSB index reading on the candidate target cell, additional time for reading SSB index is needed.
· If UE has performed L3 measurement and SSB index reading, no additional time is needed.

Conclusions
This contribution provides further analysis on SFN alignment for L1/L2-based inter-cell mobility. The following proposals are provided:
Proposal 1: To perform intra-frequency L1-RSRP on candidate target cell, if the RTD between the SSBs of serving cell and neighbour cell on the same carrier is larger than CP length and less than 2 SSB symbols (CP length< RTD< 2 SSB symbols), UE can derive SSB index according to serving cell timing.
Proposal 2: To perform intra-frequency L1-RSRP on candidate target cell, if SFN offset between serving cell and target cell is not aligned, and if the RTD between the SSBs of serving cell and neighbour cell on the same carrier is larger than 2 SSB symbols (RTD>2 SSB symbols), 
· If UE only performed L3 measurement without SSB index reading on the candidate target cell, additional time for reading SSB index is needed.
· If UE has performed L3 measurement and SSB index reading, no additional time is needed.
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