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1 Introduction
In last meeting, there are some open issues regarding to L1-RSRP measurement for LTM. We will share our view regarding to these issues:
	· Procedure Relation of L1 measurement and L3 measurement in LTM
· Motivation of L1 measurement and report in LTM
· Relation of L1 measurement in LTM with L1 measurement in Rel-17 ICBM
· Whether intermediate result of L3 measurement can be re-used for L1 report


2 Discussion
Procedure Relation of L1 measurement and L3 measurement in LTM
RAN2 agreed the basic procedure for LTM in endorsed CR[1], which is shown below:
[image: ]
Fig. 1 LTM framework
The whole procedure includes 4 steps:
1. LTM preparation
2. Early sync
3. LTM execution
4. LTM completion
In the first step(LTM preparation), LTM candidate cell configuration will be provided based on L3 measurement report. In step 3(LTM decision), cell switch command will be triggered based on L1 measurement report. 
Besides, In RAN3#117b-e, the baseline LTM procedure has been agreed and captured as an endorsed CR for TS38.401 in [2]. For L1/L2 based inter-cell mobility, as procedure 1 and 2 shown in Figure 2, gNB requires L3 measurement reports for L1/L2 inter-cell mobility configuration decision.


Figure 2: RAN3 agreed procedures for Intra-gNB-DU LTM
Observation 1: From signalling procedure of RAN2 and RAN3, L3 measurement results need to be reported for LTM preparation, which is before L1 measurement is configured.
Therefore, it shows that UE need to feedback L3 measurement results to gNB for LTM candidate preparation. L1 measurement will not be configured for unknown cells where L3 measurement is not performed before.
Proposal 1: RAN4 to define L1 measurement requirements for known cell case only, i.e. L3 measurement is reported before.

Motivation of L1 measurement and report in LTM
Before we discuss how to perform L1-RSRP measurement for LTM, e.g. whether within SMTC or outside, Rx beam assumption, timing offset, BWP, etc. The first thing is to discuss the motivation of L1 measurement and report for LTM, i.e. whether it’s for beam management or mobility or both. 
 The motivation of L1 measurement and report will have impact on the whole L1-RSRP requirement. For example, if the purpose is for mobility, similar as legacy, rough beam can be assumed and it can be performed inside SMTC. If the purpose is for beam management, fine beam can be assumed and it will be performed outside SMTC as legacy Rel-17 inter-cell BM.
However, in LTM, L1-RSRP report will be used for both beam management and mobility purpose. It tries to perform beam level measurement and the beam index can be directly applied after cell switch. 
Proposal 2: In LTM, purpose of L1 measurement and report is for both beam management and mobility.
Since the motivation of L1 measurement is combination of mobility and beam management, there are two choices for the baseline of L1 measurement framework, i.e. L3 measurement framework for mobility or L1 measurement for beam management.
Relation of L1 measurement in LTM with L1 measurement in Rel-17 ICBM
For Rel-17 ICBM, the motivation of L1-RSRP for non-serving cell is for beam management and not for mobility. In the WID, it specified that ”no L3 impact”. There are similar discussions about whether L1-RSRP is performed outside or inside SMTC and the timing offset requirement. since no L3 impact, if L1 is performed inside SMTC, it will be shared with L3 due to rough/fine beam assumption. Finally, it’s agreed that L1-RSRP is performed outside SMTC. For timing offset issue, since the main motivation is for beam management of data transmission, timing offset smaller CP is finally agreed as there is agreement in RAN1 for mTRP.
However, if the main motivation of L1 measurement is also used for mobility in LTM. We observe some difference. We may need to further check which framework we would go, i.e. L3 measurement for mobility or L1 measurement for BM. There are some issues if we re-use the framework of Rel-17 inter-cell L1-RSRP. That’s also the reason why RAN1 sent us the LS in last meeting since there are many limitations, which is not suitable for mobility motivation. They hope that it can be flexible, similar as L3 measurement. Besides, since the candidate cells for L1 measurement for mobility may be larger, it may extend the legacy serving cell L1 measurement greatly. Currently for Rel-17 ICBM, only support one extra cell for L1 measurement. Furthermore, it didn’t support L1 inter-frequency measurement, which means that new MG or legacy L3 MG will be shared, which will increase extra interruption and measurement delay.
Observation 2: Rel-17 inter-cell L1 measurement framework is not designed for mobility purpose and there are many limitations.
Proposal 3: Rel-17 ICBM is not suitable to be used as baseline for L1 measurement in LTM as it’s not designed for mobility purpose.
Next, we will analyse whether intermediate result of L3 measurement can be re-used for L1 report.
L1 measurement of ICBM && intermediate L3 measurement
Since the purpose of L1 measurement in LTM is for both beam management and mobility, we will analyse from the two aspects.
1. Beam management aspect
The key difference of beam assumption for mobility and beam management are rough beam && fine beam. If intermediate result of L3 measurement can be re-used for L1 report, it means that the beam index is derived based on rough beam. After cell switch, the rough beam will be used for reception at UE side. However, we don’t think it’s an issue. UE can continue to perform fine beam acquisition later.
Observation 3: With intermediate L3 result, UE can still report the beam index and RSRP. After cell switch, Data can still be received by rough beam initially and further update by L1-RSRP measurement.
We can further analyse the measurement delay for fine beam acquisition before cell switch and after cell switch respectively. Let’s discuss intra-frequency measurement case first.  There are two options for acquiring fine beam.
Option 1: Fine beam identified before cell switch
Option 2: Fine beam identified after cell switch
Please note that rough beam is basis for both options. We only need to compare the extra delay for fine beam acquisition. 
For option 1, If fine beam acquisition for candidate cell is performed before cell switch command, legacy Rel-17 L1 measurement of ICBM can be used as baseline. For simplicity, no SMTC and MG is considered. since sharing will be applied between cells due to overlapped SSB for intra-f scenarios, the delay will be scaled by number of mobility candidate cell plus serving cell. The delay for acquiring fine beam is as below:
· Delay is TSSB*8*(N+1) , where N is number of mobility candidate cell. 1 is serving cell.
For option 2, rough beam based beam index is reported before cell switch based on intermediate L3 result, after cell switch, fine beam acquisition is performed. Since candidate cell become serving cell, no sharing is needed. Besides, the delay can be further reduced if CSI-RS is configured for L1-RSRP measurement after cell switch. Since CSI-RS may have shorter periodicity compared with SSB. While if L1-RSRP is performed before cell switch, only SSB based measurement is supported currently.
The delay for acquiring fine beam is as below:
· Delay is TSSB*8*1 or TCSI-RS*8*1
Observation 4: For intra-frequency case, if L1-RSRP measurement is performed before cell switch, at least N times measurement delay will be needed compared with the case that L1-RSRP measurement is performed after cell switch. 
For L1 inter-frequency measurement, MG needs to be introduced. The MG gap can be new designed MG or legacy L3 MG. however, no matter which MG is used, the total delay for acquiring the fine beam is quite long compared with the case when fine beam is acquired after cell switch.
Observation 5: For inter-frequency case, much longer delay or data interruption will be expected if L1-RSRP measurement is performed before cell switch. 
Actually, the delay of LTM will be largely extended due to the latency of L1 measurement. 
In Fig.1, we compare the LTM delay from L1 measurement is configured to the time that UE receive or transmit date. Normally, the ending point of cell switch is that UE can receive or transmit data, it didn’t limit whether rough beam or fine beam will be used. For fair comparison, we consider the ending point is that fine beam based data transmission is available for both cases. As shown in Fig.1, for option 1, due to longer measurement delay of L1, NW will configure cell switch later. While for Fig.1b, NW can trigger cell switch faster. Besides, it cost shorter time to acquire the fine beam. Therefore, the total delay of LTM will be reduced if fine beam acquisition is performed after cell switch.
[image: ]
(a) Perform L1-RSRP before cell switch command
[image: ]
(a) Perform L1-RSRP after cell switch command
Fig.1 Extended LTM delay due to longer L1 measurement latency
Observation 6: The total delay of LTM will be extended due to the large latency of L1 measurement before cell switch.
2. Mobility perspective
On the other hand, from mobility perspective, more stable result is required. RAN1 also identify the issue when L1 measurement is used for mobility, i.e. frequent cell switch or frequent ping-pong may happen. In Rel-17, 1 or 3 shots based L1-RSRP measurement will be performed for beam management. While for LTM, if mobility decision is based on L1-RSRP measurement, it is difficult for NW to make proper mobility decision based on quickly varied measurement results. In RAN1, there is discussing about how to handle L1 report to make it more stable, e.g. filtering is applied in NW side or UE side for event triggered report. Compared with fine beam, rough beam is some kind of filtering of fine beams since the beam width is larger. Beam switch is not equal to cell switch.  For each HO, there are some extra tasks, at least, partial MAC CE reset is expected which will cause interruption.
Observation 7: Beam switch is not equal to cell switch, For each HO, extra delay and interruption is needed. Rough beam based measurement report is more robust compared with fine beam.

In summary, intermediate L3 measurement can be used for L1 report in LTM with the following benefits:
1. Reduce UE implementation complexity without updating current Rel-17 ICBM framework
2. Reduced total latency for LTM 
3. More robust result for mobility purpose
4. No impact to L1 or L3 measurement delay of serving cell
5. Solve timing offset issue of Rel-17 ICBM framework
6. Solve inter-frequency L1 measurement issue, i.e. avoid introducing new MG, or avoid sharing with L3 in legacy MG, reduce interruption and delay
Proposal 4: Intermediate L3 measurement result can be used for L1 report in LTM.
There is one issue to be solved if intermediate L3 measurement can be used for L1 report. If L1-RSRP report is configured for beam management purpose, UE will fill in fine beam based results. If L1-RSRP report is configured for LTM, UE will fill in intermediate L3 results. UE need to be able to differentiate whether L1 RSRP report configuration is for BM or LTM. 
Proposal 5: L1 report configurations for beam management and LTM are differentiable.
3 Conclusion
In this contribution, we provide our views:
Observation 1: From signalling procedure of RAN2 and RAN3, L3 measurement results need to be reported for LTM preparation, which is before L1 measurement is configured.
Proposal 1: RAN4 to define L1 measurement requirements for known cell case only, i.e. L3 measurement is reported before.
Proposal 2: In LTM, purpose of L1 measurement and report is for both beam management and mobility.
Observation 2: Rel-17 inter-cell L1 measurement framework is not designed for mobility purpose and there are many limitations.
Proposal 3: Rel-17 ICBM is not suitable to be used as baseline for L1 measurement in LTM as it’s not designed for mobility purpose.
Observation 3: With intermediate L3 result, UE can still report the beam index and RSRP. After cell switch, Data can still be received by rough beam initially and further update by L1-RSRP measurement.
Observation 4: For intra-frequency case, if L1-RSRP measurement is performed before cell switch, at least N times measurement delay will be needed compared with the case that L1-RSRP measurement is performed after cell switch. 
Observation 5: For inter-frequency case, much longer delay or data interruption will be expected if L1-RSRP measurement is performed before cell switch. 
Observation 6: The total delay of LTM will be extended due to the large latency of L1 measurement before cell switch.
Observation 7: Beam switch is not equal to cell switch, For each HO, extra delay and interruption is needed. Rough beam based measurement report is more robust compared with fine beam.
Proposal 4: Intermediate L3 measurement result can be used for L1 report in LTM.
Proposal 5: L1 report configurations for beam management and LTM are differentiable.
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