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1. Introduction

In RAN #98 meeting, the revised WID on further NR mobility enhancements was approved [1]. One of the objectives is about L1/L2 based inter-cell mobility, the details are duplicated as following:
	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)

· Both intra-frequency and inter-frequency

· Both FR1 and FR2

· Source and target cells may be synchronized or non-synchronized




In last meeting, there is discussion on L1/L2 based inter-cell mobility, and a WF was approved [2]. This contribution provides further discussion on general aspects and scenarios for this topic.

2. Discussion 
One of the open issues is whether to use intermediate L3 measurement results in L1 measurement reporting. According to TS 38.300, in RRC_CONNECTED, the UE measures multiple beams (at least one) of a cell and the measurements results (power values) are averaged to derive the cell quality. In doing so, the UE is configured to consider a subset of the detected beams. Filtering takes place at two different levels: at the physical layer to derive beam quality and then at RRC level to derive cell quality from multiple beams. Cell quality from beam measurements is derived in the same way for the serving cell(s) and for the non-serving cell(s). According to the measurement model duplicated as following Figure 1, it can be seen that L1-RSRP is the intermediate result of L3-RSRP measurement.
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Figure 1 measurement model
However, for FR2, there may be different RX beam assumption on L3 measurement and L1 measurement, which have impact on whether the intermediate L3 measurement results can be used in L1 measurement reporting. In last meeting, it was agreed that fine beam can be assumed for L1 measurement on intra-frequency neighbor cell. FFS on inter-frequency neighbor cell. And FFS whether to consider rough beam also for L1 measurement on neighbor cell (including intra and inter-frequency). In our view, this is a UE implementation issue, UE vendors’ input are necessary. While for FR1, situation is simple. Since no RX beam sweeping is assumed in FR1, we do not see issues to use intermediate L3 measurement results in L1 measurement reporting.
Proposal 1: for FR1, intermediate L3 measurement results can be used in L1 measurement reporting.
As for whether L1 measurement configured after receiving L3 measurement report on that cell, the candidate options are as following:

· RAN4 assumes UE performs L1 measurement on a neighbour cell after UE has performed L3 measurement on that cell

· L3 measurement report is not the prerequisite of L1 measurement configuration
For the proposal that RAN4 assumes UE performs L1 measurement on a neighbour cell after UE has performed L3 measurement on that cell, we have different view. It is up to network configuration. L3 measurement report is not the prerequisite of L1 measurement configuration on a neighbor cell. Similar like HO, the target cell of HO is up to network implementation since network may also need to consider load or capacity, no need to be limited to the one that has been measured before. On the other hand, this is more like a RAN2/3 issue, if no consensus is reached in RAN4, it is better to ask RAN2/3.

Proposal 2: L3 measurement report is not the prerequisite of L1 measurement configuration. If no consensus is reached in RAN4, it is proposed to sent LS to RAN2.
Another issue is whether to define L1-RSRP measurement delay requirement for unknown cell, the candidate options as deplicated as below:
· Option 1: RAN4 to define L1 measurement requirements for known cell case only.

· Option 2: RAN4 waits for RAN2 agreements on LTM timer before defining L1-RSRP measurement delay requirement for unknown cells.

· Option 3: RAN4 to define L1 measurement requirements for both known and unknown cells.
In our view, it is prefered to define L1 measurement requirements for both known and unknown cells. Firsly, as proposed in Proposal 2, L3 measurement report is not the prerequisite of L1 measurement configuration, it is up to network configuration. It is possible that unknown cell is configured considering the load/capacity into account, in order to to guarantee the performance, it is better to specify the requirement. As for how to define the requirements, HO delay requirements can be used as baseline. For the target cell in in legacy HO delay requirements, both known and unknown cases are considered. If the target cell is known, then Tsearch = 0 ms. If the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = Trs  ms. If the target cell is an unknown inter-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = 3* Trs  ms. Similar appoach can be used for L1 measurment.
Proposal 3: it is proposed to define L1 measurement requirements for both known and unknown cells.

The related issue is the known cell condition for L1-RSRP measurement. The known cell considtion of Rel-17 L1-RSRP measurements for a cell with different PCI from serving cell can be use as baseline. The cell with different PCI from serving cell is considered as known if the following conditions are met in this requirement: 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. one different is that not only intra-frequency cell switch but also inter-frequency cell switch are considered, the conditions need to be updated accordingly.

Proposal 4: for L1-RSRP measurement for neighbour cell, target cell is considered as known if the following conditions are met:

· The UE has sent a valid L3 measurement report during the last [5] seconds, and

· The SSB from the target cell remains detectable according to the cell identification requirements specified in clause 9.2 and 9.3.
Another open issues is about inter-frequency L1-RSRP measurement. In RAN2#119bis-e, it is confirmed that L1/L2 mobility inter-frequency 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. And according to RAN1 LS in last meeting [3], for Rel-18 LTM, L1 inter-frequency measurement is supported from RAN1 point of view. According to the WID, it is clearly stated that both intra-frequency and inter-frequency are included. According to the discussion in last meeting, it was agreed to introduce inter-frequency L1-RSRP measurement requirements in Rel-18 LTM, but FFS for the detailed scenarios [2].

· Option 1: Inter-frequency L1-RSRP measurements without gap

· Option 2: Inter-frequency L1-RSRP measurements with gap

· Option 3: Inter-frequency L1-RSRP measurements with gap and without gap

In our view, both inter-frequency L1-RSRP measurements with gap and without gap need to be considered. Compared with inter-frequency measurment without gap, inter-frequency measurment with gap is more typical. However, measurment without gap is beneficial for delay reduction, which is necessary for L1 measurment. As for the concern on the work load, for L3 measurement, we already have the requirements for both inter-frequency with measurement gaps and with gaps, which can be used as baseline to define L1 measurement requirements.
Proposal 5: it is proposed to specify requirements for inter-frequency L1-RSRP measurements with gap and without gap.
2. Conclusion
This contribution provides discussion on general aspects for L1/L2 based inter-cell mobility. The proposals are:
Proposal 1: for FR1, intermediate L3 measurement results can be used in L1 measurement reporting.
Proposal 2: L3 measurement report is not the prerequisite of L1 measurement configuration. If no consensus is reached in RAN4, it is proposed to sent LS to RAN2.
Proposal 3: it is proposed to define L1 measurement requirements for both known and unknown cells.

Proposal 4: for L1-RSRP measurement for neighbour cell, target cell is considered as known if the following conditions are met:

· The UE has sent a valid L3 measurement report during the last [5] seconds, and

· The SSB from the target cell remains detectable according to the cell identification requirements specified in clause 9.2 and 9.3.
Proposal 5: it is proposed to specify requirements for inter-frequency L1-RSRP measurements with gap and without gap.
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