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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]A new WID on further NR mobility enhancements was approved in RAN#94e [1], and then revised in RAN#96e [2]. 
	The detailed objective of this work item are:

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

1. To specify mechanism and procedures of NR-DC with selective activation of the cell groups (at least for SCG) via L3 enhancements:
· To allow subsequent cell group change after changing CG without reconfiguration and re-initiation of CPC/CPA [RAN2, RAN3, RAN4]
Note 4: A harmonized RRC modelling approach for objectives 1 and 2 could be considered to minimize the workload in RAN2.

1. To specify CHO including target MCG and target SCG [RAN3, RAN2]. 
Note 5: This is already being targeted for Rel-17, so this objective will be reviewed at RAN#97-e.

1. To specify CHO including target MCG and candidate SCGs for CPC/CPA in NR-DC [RAN3, RAN2]
· CHO including target MCG and target SCG is used as the baseline

1. To specify RRM core requirements for the following, as necessary [RAN4]:
1. L1/L2-based inter-cell mobility
1. Enhanced CHO configurations addressed by this WI

1. To specify RF requirements to cover inter-frequency L1/L2-based mobility, as necessary [RAN4].

1. To study the following, with completion targeted by RAN#98 meeting [RAN4]:
1. The impact of FR2 RRM mobility measurement acquisition and reporting on FR2 SCell/SCG setup/resume delay for a UE connecting from idle/inactive mode. 
1. The level of feasible improvement in FR2 SCell/SCG setup delay from defining new UE measurement procedures and RRM core requirements, and whether additional information from the network would help the UE to perform those measurements effectively. The following sequence of events should be assumed.
0. The UE initiates and performs improved measurements when it requests RRC connection setup/resume.
0. After acquiring those improved measurements, the UE subsequently reports those measurements to the network to support SCell/SCG setup.




In this contribution, we will discuss the L1/L2 based inter-cell mobility related to RAN3 impact.
2. Discussion
According to the objectives listed above, the goal of L1/L2 based inter-cell mobility is to make inter-cell mobility as fast as intra-cell case for mobility latency reduction. It can be observed that the intra-DU case and intra-CU inter-DU case should be supported in L1/L2 based inter-cell mobility, as shown in Figure 1.
· Intra-DU: UE moves between different cells within a DU.
· Intra-CU inter-DU: UE moves between different cells belonging to different DUs but within a CU.


Figure 1. L1/L2 based inter-cell mobility scenarios: a) Intra-DU mobility; b) Intra-CU inter-DU mobility
The benefits and complexity of intra-CU inter-DU L1/L2 based inter-cell mobility needs more investigation in RAN2 e.g., whether RLC reestablishment, MAC reset should be performed. But from RAN3 F1AP signalling point of view, there is not much difference between intra-DU and intra-CU inter-DU L1/L2 based inter-cell mobility.
Proposal 1: Both intra-DU case and intra-CU inter-DU case are feasible in L1/L2 based inter-cell mobility from RAN3 signalling’s point of view.
With the goal to reduce the mobility latency, the L1/L2 based inter-cell mobility aims to replace RRC handover signalling with L1/L2 signals. For example, UE reports the L1 measurements, and the handover command becomes L1/L2 signalling, e.g., TCI state activation. Obviously, it is up to DU to trigger the serving cell change to UE. In addition, if the TCI state activation can be applied to the target cell when UE is served by the source cell, UE can skip the DL synchronization and/or RACH procedures to reduce the mobility latency. Therefore, in intra-CU inter-DU case, it is up to the source DU to trigger the serving cell change to UE.
Proposal 2: It is up to DU to trigger the serving cell change by L1/L2 signalling to UE in intra-DU case.
Proposal 3: It is up to source DU to trigger the serving cell change by L1/L2 signalling to UE in intra-CU inter-DU case.
In L1/L2 based inter-cell mobility, the important issue is the configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells. Just as the serving cell change, it is quite obviously that DU determines the activation and deactivation of the candidate cells based on the L1 measurement.
Then the remaining issue is how to obtain the candidate cells by DU. There are two options:
· Option 1: DU obtains candidate cells from CU.
· Option 2: CU provides suggested candidate cell list to DU, and DU determines selected candidate cells for L1/L2 mobility from the list.
As discussed in proposal 2 and proposal 3, DU triggers the serving cell change in both intra-DU and intra-CU inter-DU cases. With this method, it is better for DU to determine the candidate cells based on the L1 measurement, to reduce the mobility latency. 
Since different DU will be configured as separate cell group in RRC signalling, and CU has the information of cells from different DUs, e.g., based on L3 measurement, CU could provide suggested candidate cell list to DU, to reduce the range of candidate cells. It could help DU to reduce the complexity in candidate cells selection.
Proposal 4: CU provides suggested candidate cell list to DU, and DU determines selected candidate cells from the list for L1/L2 mobility, for both intra-DU and intra-CU inter-DU cases.
Of course, the detailed RRC modelling of configuration of candidate cell should be discussed in RAN2 first. For example, RAN2 will decide whether the configuration should be based on source cell using full configuration or delta configuration.
Proposal 5: The detailed RRC modelling of candidate cell configuration should be discussed in RAN2.
Since the serving cell change is triggered by DU, DU should inform CU of which cell the UE has successfully accessed during the L1/L2 based inter-cell mobility. CU can use this information for future purpose, e.g., whether to perform normal handover based on L3 measurement further.
Proposal 6: DU sends serving cell change success to CU including the target cell ID.
With the above proposals, a typical L1/L2 based inter-cell mobility procedure for intra-DU case is shown in Figure 2.


Figure 2. L1/L2 based inter-cell mobility for intra-DU case
Proposal 7: CU provides the suggested candidate cell list to DU in UE Context Modification Request message, and DU provides the selected candidate cells to CU in UE Context Modification Response message.
It is also possible that the CU decides to update or release one of cell in the candidate cell list. So that the suggested candidate cell list update and release should be supported by the UE Context Modification Request message.
Proposal 8: The suggested candidate cell list update and release should be supported by the UE Context Modification Request message.
A typical L1/L2 based inter-cell mobility procedure for intra-CU inter-DU case is shown in Figure 3.


Figure 3. L1/L2 based inter-cell mobility for intra-CU inter-DU case
Proposal 9: For intra-CU inter-DU L1/L2 inter-cell mobility, CU provides the suggested candidate cell list to candidate DU in UE Context Setup Request message, and candidate DU provides the selected candidate cells to CU in UE Context Setup Response message.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
Based on the discussion in this paper, we have the following observations and proposals.
Proposal 1: Both intra-DU case and intra-CU inter-DU case are feasible in L1/L2 based inter-cell mobility from RAN3 signalling’s point of view.
Proposal 2: It is up to DU to trigger the serving cell change by L1/L2 signalling to UE in intra-DU case.
Proposal 3: It is up to source DU to trigger the serving cell change by L1/L2 signalling to UE in intra-CU inter-DU case.
Proposal 4: CU provides suggested candidate cell list to DU, and DU determines selected candidate cells from the list for L1/L2 mobility, for both intra-DU and intra-CU inter-DU cases.
Proposal 5: The detailed RRC modelling of candidate cell configuration should be discussed in RAN2.
Proposal 6: DU sends serving cell change success to CU including the target cell ID.
Proposal 7: CU provides the suggested candidate cell list to DU in UE Context Modification Request message, and DU provides the selected candidate cells to CU in UE Context Modification Response message.
Proposal 8: The suggested candidate cell list update and release should be supported by the UE Context Modification Request message.
Proposal 9: For intra-CU inter-DU L1/L2 inter-cell mobility, CU provides the suggested candidate cell list to candidate DU in UE Context Setup Request message, and candidate DU provides the selected candidate cells to CU in UE Context Setup Response message.
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