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Introduction
In RAN #93 and #94 meeting, most of the companies prefer to support L1/L2 based inter-cell mobility in Rel-18 to reduce mobility latency. And the work item on further NR mobility enhancements was proposed as follows [1]:
1. 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 this contribution, we will discuss some possible L1 enhancements for inter-cell beam management and the dynamic switch mechanism among candidate cells.

Discussion on L1 enhancements for inter-cell beam management
Configuration of L1 measurement of candidate cell
In last meeting, we have discussed the configuration of L1 measurement of candidate cells and didn’t reach an agreement. In this section, we want to discuss whether the RSs for the measurement per candidate cell is configured under the corresponding candidate cell, or under the serving cell. Based on the LS from RAN2 119-e meeting[2], there are three possible configuration model of candidate cell as shown below:
· One RRCReconfiguration message for candidate target cell
· One CellGroupConfig IE for each candidate target cell
· One SpCellConfig IE for each candidate target cell
No matter which one will be selected by RAN2, apparently there is separate configuration for each candidate cell. We believe it is better to configure the measurement RSs of each candidate cell under the corresponding candidate cell, not the serving cell. According to the LS form RAN2 119-bis meeting[3], RAN2 assumes that sequential L1L2 cell change between candidates without RRC reconfiguration can be supported, which, from our understanding, means the candidates cells except the target cell are still the candidate cells of UE after the cell switch. Then, if the measurement RSs of candidate cells are configured under serving cell. Then, all these RSs should be reconfigured every time the cell switch is done to support sequential L1L2 cell change, which requires much signaling overhead.
Proposal 1: It is better to configure the measurement RSs of each candidate cell under the corresponding candidate cell configuration.

L1 measurement
It should be noted that both intra-frequency and inter-frequency will be considered according to the work item. For inter-frequency measurement, it will take time for UE to retune RF before perform L1 measurement on candidate cell RS, even for intra-frequency case that the RS of candidate cell is not contained within active BWP. UE cannot transmit to or receive from serving cell during this time. Therefore, a measurement gap/window may need to be introduced in L1 measurement in L1/L2 mobility as shown in Figure 1, otherwise serving cell may transmit data when UE is retuning RF, which will result in data loss. Or, the measurement gap in RRM measurement could be reused when the measurement RS in both case is the same.


Fig.1 UE RF retuning for inter-frequency case
Proposal 2: L1 measurement gap/window needs to be introduced to support inter-frequency beam measurement.

Reporting
The L1 measurement and reporting has been discussed and specified in R17 inter-cell beam management where a measurement RS list can be configured with a set of RSs of neighboring cells and  a corresponding physical cell ID (PCI) list will be configured to indicate the PCI of each RS in measurement RS list. The measurement RSs of serving cell and neighboring cells can be configured together or separately. Accordingly, the measurement results can be reported to serving cell together or separately. Similarly, we prefer to support that the L1 measurement results of serving cell and candidate cells in L1/L2 mobility can be reported together or separately based on Network configuration.
Proposal 3: The L1 measurement results of serving cell and candidate cells can be reported together or separately based on Network configuration
If the measurement results of candidate cells and serving cell are reported together, then how to distinguish the measurement results of each cell should specified. First, the PCI or other indicator corresponding to a cell can be included in the reporting instance. Secondly, a cell list can be configured by serving cell and UE needs to arrange the measurement results based on this cell list. And, other feasible methods also can be used. 
Proposal 4: How to distinguish the measurement results of each cell should be specified if L1 measurement results of serving cell and candidate cells are reported together.
In current reporting mechanism, the L1 measurement results of serving cell and candidate cells should be reported every time the L1 measurement is conducted, which will cause heavy reporting resource overhead. In order to reduce the overhead, event triggered reporting mechanism, in which only these measurement results of the candidate cell that meet a certain condition need to be reported, can be supported in L1 measurement. For example, if the maximum/average value of measurement results of candidate cell A is larger than that of serving cell, then the measurement results of candidate cell A should be reported to serving cell.
Proposal 5: Support event triggered beam measurement reporting mechanism.
Then, the exact definition of the events should be specified. In last meeting, some companies support to reuse the L3 event. However, the L3 event is defined based on L3 measurement results. Reusing the L3 event in L1 measurement is not appropriate because the L1 measurement results cannot be reported timely. We prefer to introduce new event(s), which can be called L1 event. For example, the average value of L1 measurement results of a candidate cell is larger than that of serving cell. Then, the L1 measurement results of this candidate cell should be reported.
Proposal 6: We support to introduce new event, denoted as L1 event to distinguish it from L3 event, for event triggered beam measurement reporting.
· For example, the average value of L1 measurement results of a candidate cell > the average value of L1 measurement results of serving cell + Offset.

Beam indication
There are some agreements about the beam indication of target cell in L1/L2 mobility as following[4]:
Agreement
· RAN1 to further study if the beam indication of candidate cell(s) L1/L2 mobility should be designed for a specific TCI framework below, and their potential RAN1 spec impact. 
· Option A:  Beam indication for Rel-18 L1/L2 mobility is designed based on Rel-17 TCI framework mechanism
· Option B: Beam indication for Rel-18 L1/L2 mobility is designed based on Rel-15 TCI framework mechanism 
· Option C: Beam indication for Rel-18 L1/L2 mobility is designed based on both Rel-15 and Rel-17 TCI framework mechanisms 
Agreement
-       From RAN1 perspective, the following scenarios can be considered for Rel-18 L1/L2 mobility for beam indication timing. This will be updated depending on further RAN1 assessment and RAN2 decision on the time chart
-       Scenario 1: Beam indication before cell switch command
-       Scenario 2: Beam indication together with cell switch command
-       Scenario 3: Beam indication after cell switch command
-       Interested companies are encouraged to further study the validity of the scenarios and the potential spec impact.
About the TCI framework used in L1/L2 mobility, we believe at least R17 TCI framework should be considered as the baseline because of the signaling overhead.  To indicate the beam of PDCCH and PDSCH of target cell, even the UL beam, only one TCI state is needed to if R17 TCI framework is considered. While, under R15/16 TCI framework, more TCI states are needed because the transmission beam of PDCCH, PDSCH and UL transmission should be indicated separately. Therefore, we slightly prefer option A.
Proposal 7: About the TCI framework for L1/L2 mobility, we slightly prefer Option A.
[bookmark: _Hlk118382045]Another issue with respect to beam indication is the timing of beam indication of target cell. There are three possible scenarios according to the agreement. First, the beam can be indicated before cell switch command, which is scenario 1. For scenario 1, there are two cases that are denoted as scenario 1-1 and scenario 1-2 as shown in Figure 2. In scenario 1-1, the beam of target cell is indicated at T1 when serving cell makes cell switch decision a. While, in scenario 1-2, the beam of target cell is indicated before serving cell makes cell switch decision. Apparently, scenario 1-2 is impossible because serving cell don’t know the target cell yet at T0. Based on the evaluation of the beam indication timing in figure 1, we support scenario 2 because of the less time overhead and signaling overhead.



Fig.2 Evaluation of the beam indication timing
Proposal 8: For beam indication timing, we support scenario 2 because of the less time overhead and signaling overhead.

Discussion on dynamic switch mechanism among candidate serving cells
How to trigger cell switch
Based on the WID in section 1, L1/L2 mobility rely on L1 measurements to trigger the cell switch. From our understanding, there are two possible way to trigger dynamic handover. First, it is the Network that triggers the handover by sending handover command. When the L1 measurement results of serving cell and candidate cells meet a certain condition, namely handover condition, Network initiates the dynamic handover by sending the handover command. Another way is to let the UE itself triggers the dynamic handover/switch when the handover condition, which can be configured by network, is satisfied. 
Proposal 9: There are two possible way to trigger cell switch
· Network triggered L1/L2 mobility
· UE triggered L1/L2 mobility
In the initial specification work of L1/L2 mobility, we can first discuss the network triggered dynamic handover which should be the base line of L1/L2 mobility. Then, UE triggered dynamic handover can be further discussed if there is sufficient time.
Proposal 10: We can first discuss the network triggered cell switch.

Cell switch command
In RAN1 #110-bis meeting, we have discussed the cell switch command and reached an agreement as following[4]:
Agreement
-       Interested companies are encouraged to perform technical analysis of the cell switch command from a RAN1 point of view, e.g.
-       Necessary information included in the command, which is relevant for RAN1 discussion
-       Necessary number of bits for the information
-       L1 impact or concern to use DCI or MAC CE for L1/L2 cell switch command

In this part, we further discuss the cell command considering Network triggered cell switch. When a certain condition is satisfied, the cell switch command, which could be DCI signaling or MAC CE signaling, is sent to UE to initiated cell switch procedures. 
At first, about the necessary information, from our understanding, the target cell indicator should be included in cell switch command. The indicator could be PCI or the index of candidate configuration. And based on the discussion in section 2.5, the beam indication of target cell should also be included in this command. However, whether it is necessary needs more discussion. Then, at least the target cell(s) indicator(s) should be included in cell switch command.
Proposal 11: At least the target cell(s) indicator(s) should be included in cell switch command.
About the signaling, we prefer MAC CE based cell switch command. First, MAC CE is more reliable than DCI because of the HARQ operation. Secondly, in the cell switch command, there might too much information should be included in cell switch command. For example, considering CA scenarios, in which PCell change with SCell change should be supported based on the LS from RAN2 [3], there will be much indicators in cell switch command. In addition, as we discussed in section 2.4, the beam of target cell should be indicated in cell switch command. And, the TA of target cell might be indicated by cell switch command. Therefore, MAC CE based cell switch command is a better choice. 
Proposal 12: We prefer MAC CE based cell switch command.

Discussion on the LS from RAN2
In this part, we are going to discuss some issue mentioned in the LS from RAN2[3].
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. 
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). 
About the event reporting and TCI framework, we already discussed in section 2.3 and section 2.4. No discussion in this section. As for the filtering, which was actually discussed in last meeting. We do not think it necessary to further filter L1 measurement results. First, form our understanding, the cell switch decision is up to NW and the ping-pong issue could be partly avoided by NW with an appropriate cell switch decision criterion. Secondly, based on the LS from RAN2, sequential L1L2 cell change between candidate cells can be supported in L1/L2 mobility, which means UE is actually allowed to switch among these cells more dynamically than conventional handover.
Proposal 13: There is no need to further apply filtering to L1 measurement results.

Conclusion
In this contribution, we discussed the possible L1 enhancements for inter-cell beam management and the dynamic switch mechanism among candidate cells in L1/L2 mobility. Based on above discusses, we provide the following proposals:
Proposal 1: It is better to configure the measurement RSs of each candidate cell under the corresponding candidate cell.
Proposal 2: L1 measurement gap/window needs to be introduced to support inter-frequency beam measurement.
Proposal 3: The L1 measurement results of serving cell and candidate cells can be reported together or separately based on Network configuration
Proposal 4: How to distinguish the measurement results of each cell should be specified if L1 measurement results of serving cell and candidate cells can be reported together.
Proposal 5: Support event triggered beam measurement reporting mechanism.
Proposal 6: We support to introduce new event, denoted as L1 event to distinguish it from L3 event, for event triggered beam measurement reporting mechanism.
· For example, the average value of L1 measurement results of a candidate cell > the average value of L1 measurement results of serving cell + Offset.
· Proposal 7: About the TCI framework for L1/L2 mobility, we slightly prefer Option A.
· Proposal 8: For beam indication timing, we support scenario 2 because of the less time overhead and signaling overhead.
Proposal 9: There are two possible way to trigger cell switch
· Network triggered L1/L2 mobility
· UE triggered L1/L2 mobility
Proposal 10: We can first discuss the network triggered cell switch.
Proposal 11: At least the target cell(s) indicator(s) should be included in cell switch command.
Proposal 12: We prefer MAC CE based cell switch command.
Proposal 13: There is no need to further apply filtering to L1 measurement results.
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