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1. Introduction
In RAN#94-e meeting, a new Rel-18 WID of ‘Further NR mobility enhancements’ was approved and the WID was further updated in RAN#97-e meeting [1]. The detailed objectives for RAN1 are as follows. 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 mainly discuss the L1 beam measurement and reporting, L1 beam indication, and L1/L2 cell switch indication. 
 
2. Target scenario
In Rel-17, inter-cell beam management (ICBM) is supported, as shown in Figure 1. In Rel-17 ICBM, a UE can be configured with multiple candidate cells, and each candidate cell is associated with an additional PCI. UE can receive/transmit UE-dedicated channel/RS from/to additional PCI cell, via DCI indication of a TCI state associated with an additional PCI. But UE should always stay in the coverage of serving cell to receive UE-common channel, e.g., system information/paging/short message/etc., and serving cell is not switched by DCI indication.
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Figure 1: Rel-17 ICBM (serving cell is not switched by L1/L2 signaling)
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Figure 2: Rel-18 L1/L2 inter-cell mobility (serving cell is switched by L1/L2 signaling)

In Rel-18 inter-cell mobility, serving cell can be switched by L1/L2 signaling, so that UE can be out of coverage of previous serving cell after cell switch, as shown in Figure 2. And UE could receive/transmit both UE-dedicated and UE-common channel/RS from/to the new serving cell. A big difference from Rel-17 ICBM is that the new serving cell (i.e., candidate cell) can be on a different frequency from previous serving cell. But of course the same frequency is also a possible scenario. Regarding the relationship between Rel-17 ICBM and Rel-18 L1/L2 inter-cell mobility, RAN2 has made following agreement.RAN2 agreement
ICBM is one scenario considered for L1L2 mobility, but is not the only one, and is not a prerequisite for using L1L2 mobility.


Even though RAN2 has agreed that Rel-17 ICBM is not a prerequisite for using L1/L2 mobility, we think for candidate cells on the same frequency as serving cell, the dynamic beam indication from those candidate cells used in Rel-17 ICBM can be also supported in Rel-18 L1/L2 inter-cell mobility.

Observation 1
· The target cell for cell switch (i.e., candidate cell) for Rel-18 L1/L2 inter-cell mobility can be on the different frequency from serving cell, while the target cell for beam switch (i.e., candidate cell) for Rel-17 ICBM is on the same frequency as serving cell.

Proposal 1
· For candidate cells on the same frequency as serving cell, dynamic beam indication from those candidate cells used in Rel-17 ICBM can be also supported in Rel-18 L1/L2 inter-cell mobility.

3. L1 beam measurement and reporting
In Rel-17 ICBM, L1 beam measurement and reporting of additional PCI cells has been supported, which should be the starting point for Rel-18 L1/L2 inter-cell mobility. However, as analyzed above, those candidate cells are on the same frequency as serving cell in Rel-17, so that Rel-17 can support intra-frequency L1 beam measurement and reporting only. To support possible cell switch to a different frequency in Rel-18, the L1 beam measurement and reporting of candidate cells on different frequencies should be studied. 

Proposal 2
· Study enhancement to support inter-frequency L1 beam measurement/reporting.

In Rel-17, periodic and aperiodic L1 beam measurement and reporting are supported, depending on NW configuration. RAN2 has made following agreement regarding L1 measurements.
RAN2 agreement
Assume that we rely on L1 measurements to trigger L1L2 mobility (still measurement for preparation could be L3, FFS)

If the triggering of L1/L2 mobility is based on L1 measurement, L1 measurement based on NW configuration is not sufficient as NW does not know the variation of DL channel condition, and NW is not aware of whether L1/L2 mobility should be triggered or not. Hence, a new UE triggered L1 measurement/reporting is important to timely report the DL channel quality to let NW make better mobility decision. For the new triggering event for L1 beam measurement/reporting, similar event as L3 measurement report triggering event can be the starting point.

Proposal 3
· Study event triggered L1 beam measurement/reporting.

If the triggering of L1/L2 mobility is based on L1 measurement, and the L1 measurement results vary fast, it is also difficult for NW to make proper mobility decision. If NW makes improper decision on L1/L2 cell switch, frequent cell switch may happen, and frequent ping-pong may happen. To avoid this, some enhancement on filtered L1 measurements, for beam-specific or cell-specific (or beam-group-specific) measurement results, can be considered. In addition, since legacy L3 measurement/reporting still works, the interaction between L1 measurement/reporting and L3 measurement/reporting should be discussed. The interaction between L1/L2 mobility and L3 mobility should be also discussed.

Proposal 4
· Study filtered L1 cell/beam/beam-group measurement/reporting and its interaction with legacy L3 measurement/reporting.

4. L1 beam indication and L1/L2 cell switch indication
When UE moves in the NW, there are two use cases for cell switch, single cell switch and cell group switch. Figure 3 shows an example of single cell switch (e.g., SpCell switch) based on L1/L2 signaling. In Figure 3, 6 candidate cells are configured for L1/L2 mobility. Those candidate cells can be from different frequencies. Note that different row in the figure means different frequency. Based on L1 measurement/reporting of those candidate cells, NW may decide target cell to be candidate cell#3 for SpCell switch and send cell switch indication. In this case, new L1/L2 signaling is needed to indicate cell switch. At least the cell ID of target cell should be indicated. 
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Figure 3: Example of SpCell/SCell switch based on L1/L2 signaling
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Figure 4: Example of cell group switch based on L1/L2 signaling

Figure 4 shows an example of cell group switch based on L1/L2 signaling. In Figure 4, the cells in the same column may be CCs deployed at the same gNB location. When UE moves to the gNB with cell#3, UE moves into not only the coverage of cell#3, but also the coverage of all the CCs (e.g., cell#4 and cell#5) at the gNB. Hence, cell group switch is needed, and cell#3 becomes new SpCell, cell#4 and cell#5 become new SCells. In this case, new L1/L2 signaling is needed to indicate cell group switch. At least the cell group ID of target should be indicated.

After receiving cell switch command, UE changes its serving cell and receives/transmits to the new serving cell. To ensure fast data transmission after cell switch, it is better that UE knows the beam for data transmission in advance. Hence, the beam of the target cell can be also indicated in the same L1/L2 signaling for cell switch. Since Rel-17 has supported L1 beam indication to a TCI state associated with an additional PCI, such beam indication method can be starting point for Rel-18 L1/L2 inter-cell mobility. In addition, if beam of target cell is indicated by DCI, the cell/cell group ID of target cell/cell group should be indicated by DCI as well.

Proposal 5
· New L1/L2 signaling is needed to indicate cell switch for Rel-18 L1/L2 inter-cell mobility. DCI based indication is preferred.
· Support both single cell switch and cell group switch.
· At least the cell/cell group ID of target cell/cell group should be indicated. 

Proposal 6
· For beam indication of target cell, beam indication method in Rel-17 ICBM is starting point. 

5.  Conclusion
In this contribution, we discussed the L1 enhancements for inter-cell mobility. We have following observations and proposals.
Observation 1
· The target cell for cell switch (i.e., candidate cell) for Rel-18 L1/L2 inter-cell mobility can be on the different frequency from serving cell, while the target cell for beam switch (i.e., candidate cell) for Rel-17 ICBM is on the same frequency as serving cell.

Proposal 1
· For candidate cells on the same frequency as serving cell, the dynamic beam indication from those candidate cells used in Rel-17 ICBM can be also supported in Rel-18 L1/L2 inter-cell mobility.

Proposal 2
· Study enhancement to support inter-frequency L1 beam measurement/reporting.

Proposal 3
· Study event triggered L1 beam measurement/reporting.

Proposal 4
· Study filtered L1 cell/beam/beam-group measurement/reporting and its interaction with legacy L3 measurement/reporting.

Proposal 5
· New L1/L2 signaling is needed to indicate cell switch for Rel-18 L1/L2 inter-cell mobility. DCI based indication is preferred.
· Support both single cell switch and cell group switch.
· At least the cell/cell group ID of target cell/cell group should be indicated. 

Proposal 6
· For beam indication of target cell, beam indication method in Rel-17 ICBM is starting point. 
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