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1 	Introduction
RAN4#104bis-e had some discussion on the scenarios to cover for R18L1/L2 mobility [1]. We will keep discussing related open issues in this Tdoc.
2 Discussion
2.1 General
RAN4#104bis-e has discussed whether to consider simultaneous Rx/Tx with both source cell and target cell. We would like to clarify that “simultaneous Rx/Tx” here. The intension is to clarify that UE does not receive or transmit data on source cell after ACK transmission for the cell switch command as shown in Fig.1. 

[image: ]
Fig.1
Proposal 1: UE is not required to receive or transmit data on source cell(s) after ACK transmission for cell switch command during the cell switch delay.
2.2 Intra-frequency & inter-frequency L1-RSRP measurement
RAN2 has reached the following agreement on inter-frequency [2].
	L1 measurements and beam indication
RAN2 assumes that RAN1 will drive discussions on L1 measurement enhancements, if any. If RAN1 identifies the need for e.g. event reporting, filtering etc, RAN2 can then be involved if needed. 
Inter-freq L1L2 mobility: R2 Confirms that For L1L2 mobility inter-freq scenarios in general should be supported (including mobility to inter-frequency cell that is not a current serving cell), including the support of inter-frequency L1 measurements, if feasible by R4 and R1.
RAN2 assumes that whether to use the unified TCI framework as the baseline for beam indication for L1L2 mobility is up to RAN1 (RAN2 observes that L1/L2 mobility need to support inter-freq cases). 



We would like to analyse the necessity and benefit of inter-frequency L1-RSRP measurement. For inter-frequency L1-RSRP measurement, UE is supposed to measure in measurement gap (MG). Supposing using legacy L3 MG, inter-frequency L1 measurement needs to share the measurement opportunities with other L3 measurement. Consider that UE cannot measure two cells of the same frequency at the same time due to beam direction of different cells may be different for L1 measurement in FR2. Each measurement occasion is shared by different cell of inter-frequency L1 measurement and different L3 inter-frequency layers. The measurement delay of inter-frequency L1 measurement will be very long and the measurement delay of L3 measurement will be further enlarged. The inter-frequency measurement delay can be high-level formulated as below:
(Single-layer measurement delay with gap extended with samples for AGC) x (sharing factor for different cells) x (# of L1/L3 frequency layers).
We provided a rough calculation of the measurement delay of L1 inter-frequency measurement as shown in table 1. Assuming MGRP 80ms, the L1 measurement delay without DRX could be 10.24s. It can be observed that measurement delay of inter-frequency L1 measurement may be even longer than inter-frequency L3 measurement. The objective of L1/L2 mobility is mobility latency reduction. We doubt the benefit of this long L1 inter-frequency measurement delay can really bring improvement to the mobility performance, as we usually believe L1-RSRP should reflect the changing channel quality faster.
Table 1
	
	Measurement Period (MP) equation
	Before L1 measurement configured
	After L1 measurement configured

	L1 inter-frequency
	Suppose measurement requirement of L1 is:
M*N*max(TSSB, TDRX, MGRP)*CSSF)
	-
	CSSF=4
MP=128*MGRP

	L3 inter-frequency
	Mmeas_period_inter  Max(TDRX, MGRP, SMTC period)  CSSFinter
	CSSF=2
MP=80 MGRP
	CSSF=4
MP=320*MGRP

	Assumption
· two L3 inter-frequency layers to measure and two L1 inter-frequency cells to measure
· {TSSB, TDRX, SMTC period} ≤ MGRP
· M=4 (assume [one] more sample than intra-frequency L1 measurement for AGC)
· N=8
· Mmeas_period_inter =40 for handheld UE



[bookmark: _Hlk117863725]For FR1, UE uses omni-directional antenna, so Rx beam used in L1-RSRP and L3-RSRP measurement at UE is the same. Tx beam at gNB is also the same for the same SSB index. The main difference between L1-RSRP and L3-RSRP measurement lies in that L3 measurement result is filtered with more samples. As shown in the above RAN2 agreement, RAN1 will discuss L1-RSRP measurement filtering. In our understanding, the measurement results of L3 and L1 would be almost the same. RAN2 is also discussing using L3 measurement results to trigger L1/L2 mobility as shown in the following RAN2 agreement. We think it is sufficient to use L3 measurement results for inter-frequency cell switch in FR1. 
	RAN2#119e agreement
Assume that we rely on L1 measurements to trigger L1L2 mobility (still measurement for preparation could be L3, FFS)



According to the above analysis, we suggest deprioritizing the discussion on inter-frequency L1-RSRP measurement.
Observation 1: The measurement delay of L1 inter-frequency measurement may be longer than L3 measurement.
Observation 2: In FR1, the measurement results of L3-RSRP and L1-RSRP of the same beam would be almost the same.
Proposal 2: Deprioritize the discussion on inter-frequency L1-RSRP measurement.
[bookmark: _Hlk117864211]2.3 RTD between serving cell and neighbour cell
RAN4#104bis-e discussed whether to cover non-synchronous scenarios. The WF is as follows [1]:
	<Way forward >: Issue 1-1-8: Whether to cover non-synchronous scenarios
· Option 1 (Intel, Huawei, QC, vivo, CATT): wait for RAN2’s progress
· Option 2 (MTK, Apple, OPPO): 
· start from synchronous L1-RSRP measurement
· async case: FFS
· [bookmark: _Hlk117864097]Option 3 (Xiaomi, Ericsson, vivo, CATT): No need to restrict the RTD between serving cell and neighbour cell to be within CP for SSB-based L1-RSRP measurement
· Option 4 (Ericsson, Apple, Xiaomi, CATT, Nokia): Focus on the definition first



Our intension is to discuss whether to consider the case that RTD between serving cell and neighbour cell is larger than one CP for SSB L1-RSRP measurement. From the discussion in last meeting, it seems RAN4 needs to wait for RAN1/2 progress to further discuss the definition of synchronous and asynchronous. 
In our view, we can discuss whether to consider the case that RTD between serving cell and neighbour cell is larger than one CP for SSB L1-RSRP measurement without defining synchronous and asynchronous. When RTD>CP, either more FFTs are needed or the measurement delay will be much longer. As shown in RAN1 LS [3], pre-TRS tracking and CSI measurement are in study in RAN1. If these are supported and RTD of serving cell and neighbour cell larger than one CP, this will lead to quite high complexity or much more interruptions. We suggest starting from RTD<CP from the point of L1 measurement.
Proposal 3: Start the discussion from RTD of serving cell and neighbour cell within one CP for SSB based L1-RSRP measurement. FFS impact to UE complexity, measurement delay and interruptions for RTD>CP.
2.4 Start from what we already have in R17 ICBM
[bookmark: _Hlk118122447]In R17, RAN4 specified intra-frequency L1-RSRP measurement requirements on NSC. For R17 ICBM, RAN4 has agreed some basic rules. Some of the rules are discussion in last meeting, some are asked by RAN1 on whether to keep. In our understanding, the following rules should be followed in L1/L2 triggered mobility (LTM):
· During the last 5s before L1-RSRP measurement is configured, the UE has sent a valid L3 measurement report for the cell with different PCI
· SFN offset alignment compared with serving cell
· non-serving cell SSB is within serving cell active BWP
In our understanding, the relationship between L3 measurement and L1 measurement on a neighbor cell is the same for R17 ICBM and R18 L1/L2 mobility. To perform L1-RSRP measurement on a neighbor cell, UE needs to perform L3 measurement at first to find the suitable cells and detect their frame timing. L1-RSRP on neighbor cell is supposed to be performed after L3 inter-cell measurement. To avoid unnecessary configurations and measurements, R18 L1/L2 mobility should follow the same rule as R17 ICBM that network shall configure L1 measurement on a neighbor cell after receiving L3 measurement report on that cell. Some company proposed to wait for RAN1/2 progress in last meeting. As for as we know, this issue is not in discussion in RAN1/2. RAN1/2’s discussion on other issues would have no impact on this issue. In R17 ICBM, this issue is also discussed and concluded in RAN4 without RAN1/2 involvement. We suggest further discussing this issue in this RAN4 meeting.
Proposal 4: For R18 L1/L2 mobility, Network shall configure L1 measurement on a neighbor cell after receiving L3 measurement report on that cell.
Regarding the second bullet, it is for intra-frequency L1-RSRP measurement. We support keeping this restriction. Even for intra-frequency L3 measurement, SSB of serving cell and neighbor cells are confined in the same SMTC window. It is natural to keep this restriction.
Proposal 5: For SSB based intra-frequency L1-RSRP measurement, SFN offset is the same among the cells of the same frequency layer.
[bookmark: _Hlk118463136]In last meeting, RAN4 reached the agreement on the definition of SSB based intra-frequency L1-RSRP measurement, i.e. SSB center frequency of neighbor cell is the same as serving cell. In our understanding, the spec allows that SSB for L1-RSRP measurement of serving cell is not in the active BWP, so does intra-frequency neighbor cell. However, starting from Rel-15, RAN4 only defines the requirements for the case that SSB for L1-RSRP measurement of serving cell is in the active BWP. For neighbor cell, we suggest only defining measurement requirements for the case that SSB for L1-RSRP measurement is in the active BWP. For the case that SSB is not within the active BWP, we can wait for the conclusions of a parallel discussion for BWP without restriction.
Proposal 6: For intra-frequency L1-RSRP measurement, only define measurement requirements for the case that SSB for L1-RSRP measurement is in the active BWPs.
2.5 Not consider FR2-2
We haven’t seen the strong motivation to consider FR2-2 in L1/L2 mobility, and R17 ICBM is also not applicable to FR2-2, so we suggest not considering FR2-2.
Proposal 7: Not consider FR2-2 in LTM.
3 Summary
In this paper, we provide some views on L1/L2 based inter-cell mobility. We have the following proposals and observations:
Proposal 1: UE is not required to receive or transmit data on source cell(s) after ACK transmission for cell switch command during the cell switch delay.
Observation 1: The measurement delay of L1 inter-frequency measurement may be longer than L3 measurement.
Observation 2: In FR1, the measurement results of L3-RSRP and L1-RSRP of the same beam would be almost the same.
Proposal 2: Deprioritize the discussion on inter-frequency L1-RSRP measurement.
Proposal 3: Start the discussion from RTD of serving cell and neighbour cell within one CP for SSB based L1-RSRP measurement. FFS impact to UE complexity, measurement delay and interruptions for RTD>CP.
Proposal 4: For R18 L1/L2 mobility, Network shall configure L1 measurement on a neighbor cell after receiving L3 measurement report on that cell.
Proposal 5: For SSB based intra-frequency L1-RSRP measurement, SFN offset is the same among the cells of the same frequency layer.
Proposal 6: For intra-frequency L1-RSRP measurement, only define measurement requirements for the case that SSB for L1-RSRP measurement is in the active BWPs.
Proposal 7: Not consider FR2-2 in LTM.
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