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1. Introduction
The WI on further NR mobility enhancements [1] includes the following objectives for L1/2 based inter-cell mobility: 

	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 the previous meetings, the following agreements were made: 
	RAN2#119bis-e
· RAN2 assumes L1/2 mobility trigger information is conveyed in a MAC CE, FFS if the MAC CE or a DCI is used for the actual triggering. 
· RAN2 assumes the MAC CE for L1/2 mobility trigger contains at least a candidate configuration index. 
· FFS if it should be possible to perform SCell activation/deactivation (amongst SCells associated with the candidate configuration) simultaneously with L1 L2 mobility trigger MAC CE (if so, FFS how this is determined).
· RAN2 assumes that both RACH-based (CFRA, CBRA) and RACH-less procedures for L1 L2 mobility switch may be supported. RACH-less if the UE doesn’t need to acquire TA during the cell switch. RAN2 understands that the feasibility of RACH-less may depend on RAN1, and expect that RAN1 is working on this. 
· RAN2 assumes RACH resource for CFRA for L1 L2 dynamic switch may be provided in RRC configuration (or potentially by MAC CE FFS). 
· FFS if the MAC CE can indicate TCI state(s) (or other beam info) to activate for the target Cell(s), dep on RAN1 progress.
· R2 assumes that at L1L2 cell switch: Whether the UE performs partial or full MAC reset (FFS what partial reset is, e.g. to avoid data loss), re-establish RLC, perform data recovery with PDCP is explicitly controlled by the network. R2 assumes that this can be configured by RRC. FFS if MAC CE indication(s) is/are needed. 

RAN2#120
· The MAC CE agreed to carry LTM related information for cell switch is used for LTM triggering of the cell switch.
· LTM cell switch is supervised by a timer
· UE arrival in the target cell need to be indicated (somehow)
· RAN2 to have the mindset to have a common design for partial MAC reset for different cell change cases in intra-DU scenario (as far as reasonable)
· Permanent Identities such as PCI will not be used in L1 L2 signalling, instead L1 L2 signalling will use temporary identities configured by RRC.





The main aim of this objective is to introduce L1/2 triggered cell change, for mobility latency reduction. In this contribution we provide our view on the trigger mechanism.
2. Discussion

[bookmark: _Hlk110871457]
In addition, we already perform SCell activation/deactivation using MAC. We assume that it needs to be possible to activate/deactivate SCells at the same time as performing SpCell change. Otherwise, we would need to send a first MAC CE in order to activate the candidate configuration, then send a second one to activate the configured SCells. Performing this in a single step would significantly improve latency in terms of being able to perform handover directly to a CA configuration.  

It was argued in the previous meeting that this may not be possible for the case of inter-DU cell switch because the source may not know the situation at the target DU. While it may be possible to solve this, we think that this should be supported for at least the intra-DU scenario. If it is supported for the intra-DU scenario, there is perhaps no need to write any limit in the specification – the network can utilise simultaneous SpCell change with SCell activation/deactivation by choice.

One possibility would be to re-use the existing SCell activation/deactivation. However, the current MAC CE refers to current serving cells. Some additional indication such as using the spare bit may be needed in order to indicate that the existing MAC CE is to be applied to the not yet configured serving cells.

Another possibility would be to define a new MAC CE. Similar to the existing SCell activation/deactivation, the MAC CE could contain a bitmap referring to the indexes of SCells associated with the candidate configuration, for example if we follow option A (see proposal 2 in [3]) where every possible SpCell has a candidate configuration then a candidate index can be signalled, with an SCell activation/deactivation bitmap, similar to the following:

[image: ]


Proposal 1: It should be possible, at least for the intra-DU case, to indicate a new SpCell candidate configuration index and perform SCell activation/deactivation (amongst SCells associated with the candidate configuration) simultaneously.
With the Option B (see proposal 2 in [3]) it can be possible to provide a CellGroupConfig (for example per DU) with multiple SpCell and SCell combination options. In this case one extra octet might be needed to signal this in MAC CE. The candidate configuration index would need to be provided, the SpCell index (within the list of possible SpCells in that candidate configuration) would be provided, and finally the SCell activation/deactivation bitmap. This would look similar to the following:
[image: ]
 
Proposal 2: RAN2 to consider the option where a candidate configuration is provided, along with an SpCell index pointing to one of multiple possible SpCells in that candidate configuration. 
(A new candidate configuration index could imply an inter-DU handover and the same candidate configuration index as the current one with a new SpCell index could imply intra-DU handover.)
Any new mechanism needs to be backwards compatible and co-exist with existing procedures, for example, to support inter-CU handover via a L3 mobility (i.e., RRC Reconfiguration). 

If a cell is indicated to become an SpCell, for example when the MAC CE indicates the associated candidate configuration, then the stored SpCellConfig associated with this cell can be applied, and the existing RRC procedure can be re-used in the same way as if an RRC Reconfiguration had been received (e.g. re-initialise security, release current configuration, apply new configuration, reset MAC if needed, etc). This would be the most straightforward approach both in terms of re-using the existing functionality and in terms of co-existence with the existing functionality. 

Of course, there may need to be some changes to RRC procedures, for example in the intra-DU case it may be possible to avoid performing MAC reset provided that the sources and target MAC configurations are the same and some procedural impact is expected for this. Some procedural impact is also expected in order to describe pre-configuring and selecting the correct configuration when a L1/2 trigger is received. However, most of the current RRC procedures for applying the configurations and performing RRC reconfiguration can and should be re-used.

Proposal 3: When the MAC CE triggers an SpCell and/or SCell change, the existing RRC procedures should be re-used as much as possible.
One issue discussed in the previous meeting was whether MAC reset needs to be explicitly indicated in the MAC CE triggering cell switch. In our view, this is unnecessary provided that the design of RRC candidate configurations is done in a way that allows the UE to determine whether the source and target are using the same MAC configuration or not. Whether a MAC reset needs to be performed between 2 specific cells is not expected to be a dynamic condition that the NW needs to determine for every cell switch, but rather it depends on static factors such as whether the cells belong to the same DU or not. This type of information can be provided to the UE as part of RRC configuration – for examples cells 1, 2 might use MACConfig 1, and cells 3, 4 might use MACConfig 2. A cell switch between cells 1 and 2, or between cells 3 and 4 would therefore not require a MAC reset (because MACConfig does not change) but a cell switch requiring a change between MACConfig 1 and 2 does imply a MAC reset. Alternatively, if proposal 2 is agreeable, then the RRC configuration combination would indicate whether to perform cell switch (e.g. same candidate configuration ID with different SpCell ID implies no MAC reset, and a different candidate configuration ID implies MAC reset).

Proposal 4: When the MAC CE triggers a cell switch, UE determines from RRC configuration of the source and target whether MAC reset shall be performed. 

The procedures which are performed when the cell switch MAC CE is received depends on the current state of RRC configuration and early sync. For example, if a TA has not been acquired before the cell switch MAC CE, then UE needs to perform RACH on the target cell but if the TA has already been acquired (Either through RA or explicitly provided) then RACHless could be performed, etc. In general, the contents of the cell switch MAC CE should be limited as much as possible assuming that most of the configuration and procedures have already been provided or performed, and the UE has the necessary information to determine what to perform as part of cell switch.

Proposal 5: The content of the cell switch MAC CE consists of:
1. Candidate configuration ID (already agreed)
2. SCell activation IDs
3. FFS BWP indication
4. FFS RA resource indication
5. FFS TA value
6. FFS other
 
Depending on the overall solution, some further information may need to be conveyed in a separate MAC CE. For example, there may be procedures to be performed before the final cell switch command MAC CE can be issued. This needs further discussion in both RAN1 and RAN2, for example depending on when and how L1 measurement reporting is activated, when DL and/or UL sync is performed, whether and when RLM and BFD are enabled on target cells, whether and when the target beam is indicated, and whether the BWP or RA resource of the target is preconfigured by RRC or indicated by MAC CE.

For example, a MAC CE may be issued in order to trigger the L1 measurements, RLM/BFD, and DL/UL sync of a candidate cell that was detected and reported by the UE, then another MAC CE may be issued (after suitable L1 report) to perform the cell switch itself, and this subsequent MAC CE may include the target configuration ID, beam indication and BWP indication.

Proposal 6: In addition to the cell switch MAC CE a separate MAC CE is needed for triggering early sync/preparation on target cell(s), and the content consists of:
1. Enabling L1/CSI measurements (e.g. configuration IDs of RRC configured report configs)
2. Trigger DL synch (e.g. candidate configuration ID to trigger sync)
3. FFS TCI state indication
4. FFS Trigger RA 
5. FFS Enabling RLM of target candidate cells 
6. FFS Enabling BFD of target candidate cells 
7. FFS other


3. Conclusion
In this paper we provide the following proposals regarding potential solution directions to consider in the design of L1/2 triggered handover in Release-18.

Proposal 1: It should be possible, at least for the intra-DU case, to indicate a new SpCell candidate configuration index and perform SCell activation/deactivation (amongst SCells associated with the candidate configuration) simultaneously.
Proposal 2: RAN2 to consider the option where a candidate configuration is provided, along with an SpCell index pointing to one of multiple possible SpCells in that candidate configuration. 
(A new candidate configuration index could imply an inter-DU handover and the same candidate configuration index as the current one with a new SpCell index could imply intra-DU handover.)
Proposal 3: When the MAC CE triggers an SpCell and/or SCell change, the existing RRC procedures should be re-used as much as possible.
Proposal 4: When the MAC CE triggers a cell switch, UE determines from RRC configuration of the source and target whether MAC reset shall be performed. 
Proposal 5: The content of the cell switch MAC CE consists of:
1. Candidate configuration ID (already agreed)
2. SCell activation IDs
3. FFS BWP indication
4. FFS RA resource indication
5. FFS TA value
6. FFS other

Proposal 6: In addition to the cell switch MAC CE a separate MAC CE is needed for triggering early sync/preparation on target cell(s), and the content consists of:
1. Enabling L1/CSI measurements (e.g. configuration IDs of RRC configured report configs)
2. Trigger DL synch (e.g. candidate configuration ID to trigger sync)
3. FFS TCI state indication
4. FFS Trigger RA 
5. FFS Enabling RLM of target candidate cells 
6. FFS Enabling BFD of target candidate cells 
7. FFS other
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