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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The signalling support for L1/L2 based inter-cell mobility was discussed in RAN3#117bis-e with the following achievements. The summary of offline discussion could be found in [1].
	Both intra- DU and intra-CU inter-DU scenarios are supported for L1/L2 mobility.
During L1/L2 handover configuration, the gNB-CU sends the suggested candidate cell(s) to the gNB-DU in UE Context Modification Request procedure, FFS in one message or multiple messages. 
The gNB-DU may accept the target cells of L1/L2 handover and responds to the gNB-CU with the access control result in UE Context Modification Response message(s). gNB-DU may accept all or part of the target candidate cells.
gNB-DU initiated L1/L2 handover configuration is not allowed.
The UE sends the lower-layer measurement report to the gNB-DU and the gNB-DU triggers UE mobility to a target candidate cell.
FFS on whether the gNB-DU can suggest candidate cells after the gNB-CU initiates the L1/L2 inter-cell mobility configuration. Three Options are left for further discussion: Opt 1. DU cannot suggest any candidate cells. Opt 2. DU suggest candidate cells within the list provided by CU. Opt 3. DU suggest candidate cells outside the list provided by CU.
WA: The gNB-DU indicates the gNB-CU about the UE successful access to the target cell by Access Success message. 
FFS on the need and when the gNB-DU indicates the gNB-CU about the initiation of L1/L2 handover command.
FFS For intra-DU L1/L2 mobility, the gNB-CU may use the UE Context Modification procedure to modify or release the prepared cells resources in the gNB-DU (incl. the source cell). Details are pending to RAN2.
The following open issues on user plane handling in intra-DU L1/L2 mobility as well as inter-DU case are raised for further study:
a)	F1-U UL/DL TEID handling as in intra-DU legacy HO.
b)	DDDS on F1-U
c)	E1 impact, such as setup, update or remove resources at gNB-CU-UP
d)	Data forwarding
The following previous agreements for intra-DU case are confirmed to be also applicable for inter-DU case:
1.Both intra- DU and intra-CU inter-DU scenarios are supported for L1/L2 mobility.
2.RAN3 will study the signaling impacts on below use cases following to RAN2 prioritization:
-	Stand alone
-	Carrier Aggregation (Change of PCell)
-	NR-DC (Change of PCell at MN, Change of PScell at SN) 
3.RAN3 will aim for a single solution for network signaling design on L1/L2 based inter-cell mobility to support all agreed scenarios. The details of solution are FFS.
5.RAN3 focuses on the network-controlled procedure for L1/L2 based inter-cell mobility.
7.The configuration of candidate target cell(s) for L1/L2 mobility is initiated by the gNB-CU. Details are FFS.
For inter-DU inter-cell mobility, the UE Context Setup procedure is reused for handover configuration. 



In this contribution, we will further discuss the remaining issues of L1/L2 based inter-cell mobility related to RAN3 impact.
2. Discussion
In the last RAN2#119bis-e meeting, RAN2 made the following agreements and assumptions [2]:
	
Terminology
RAN2 to use “LTM” as term for the L1/L2-triggered mobility. 
Use the term “cell switch” for the procedure of triggering change of cells via the LTM feature
Use the term “Subsequent” LTM for the case when cell switch between L1/L2 mobility candidates is done without RRC reconfiguration in between.

Target performance enhancements
No security update support in Rel-18 with L1/L2 based mobility.
FFS whether ASN.1 decoding and validity/compliance check of candidate cell configuration are performed upon reception of the candidate cells configuration. FFS if this need to be specified. 
For UE processing, the following (not exhaustive) is assumed to be performed after receiving the cell switch command:
MAC/RLC reset (when configured) 
RF retuning (e.g. needed for inter-frequency), baseband retuning 
R2 assumes that the following items may be discussed by RAN1 and RAN4 (and may be scenario specific): 
- Whether to perform DL synchronization to candidate/target cell before receiving the cell switch command. R2 assumes this is feasible at least for the case that the target cell is already an active serving cell.
- Whether to support of performing TRS tracking and CSI measurement of candidate/target cell before/by cell switch command
L1L2 based mobility supports the following CA scenarios:
PCell change without SCell change
PCell change with SCell change
Support NR-DC scenario in L1L2 based mobility, at least for the PSCell change without MN involvement case, i.e. intra-SN. 

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. 
Inter-freq L1L2 mobility: R2 Confirms that For L1L2 mobility inter-freq scenarios in general should be supported (including mobility to inter-frequency cell that is not a current serving cell), including the support of inter-frequency L1 measurements, if feasible by R4 and R1.
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). 

RRC
A L1/L2 inter-cell mobility candidate (target) configuration is received within an RRC message before the L1/L2 dynamic switch is triggered.
For L1L2 mobility, Target Pcell/SCell can be current SCell/PCell, i.e., current SCell/PCell can be configured as candidates.
RAN2 assumes that sequential L1L2 cell change between Candidates without RRC reconfiguration can be supported. 

Dynamic cell switching
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.



According to the RAN2 agreements and assumptions, RAN2 assumes the candidate configuration is received within an RRC message before the L1/L2 dynamic switch is triggered.
Observation 1: RAN2 assumed that the candidate configuration is received within an RRC message.
It is reasonable to assume that the UE may be configured with more than one candidate configuration within an RRC message. Otherwise, there are many RRC signalling messages to add the candidate target cells for L1/L2-triggered mobility as the UE moves within a certain coverage area.
One argument to use the parallel configuration is to follow the principle for CHO, where one UE Context Modification Request message is used for only one candidate target cell. However, the reason why parallel configuration is adopted for CHO is to align with the Xn interface design, where the target node can choose only one cell and send the respective RRC HandoverCommand message in the Handover Request Acknowledge message.
For L1/L2-triggered mobility, there is only impact on F1 interface. In addition, DU can accept more than one candidate cells and prepare the related candidate cell configurations. Therefore, we don’t need to follow the CHO principle, and we propose to contain multiple candidate cells in one message to reduce the signalling overhead.
Proposal 1: CU sends the suggested candidate cell(s) to DU in one UE Context Modification Request message.
Considering whether the DU can suggest candidate cells after the CU initiate the L1/L2 inter-cell mobility configuration, there are three options were proposed for further discussion in last meeting: 
· Option 1: DU cannot suggest any candidate cells.
· Option 2: DU suggests candidate cells within the list provided by CU.
· Option 3: DU suggests candidate cells outside the list provided by CU.
For option 2, both CU and DU have to store the suggested candidate cells received in previous UE context modification procedure, which may cause complicated implementation. For example, DU has to keep track of original cells requested for configuration, which may result in unnecessary RAN capacity wastes. 
For option 3, DU doesn’t have the measurement results of the new candidate cells before the L1/L2 configuration. Therefore, DU cannot suggest candidate cells outside the list provided by CU.
In our view, it is the responsibility for CU to provide the suggested candidate cell list, e.g., based on the L3 measurement results. DU can only accept or reject some of the candidate cells, but it cannot suggest candidate cells.
Proposal 2: DU cannot suggest any candidate cells within or outside the list provide by CU.
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.
Observation 2: DU sends serving cell change success to CU including the target cell ID.
There are two options proposed for further discussion in last meeting:
· Option 1: DU indicates to gNB-CU after it detects the UE appeared in the target cell.
· Option 2: DU indicates to CU once it receives the successful ACK for the L1/2 handover command.
For option 2, even DU receives the ACK for the lower layer mobility command, UE may also fail to access the target cell. Therefore, option 2 can’t guarantee the successful access.
Proposal 3: Turn the WA into agreement: The gNB-DU indicates the gNB-CU about the UE successful access to the target cell by Access Success message.
With the goal to reduce the mobility latency, it is beneficial for CU to know that the cell switch has been triggered to UE by DU (or source DU in inter-DU scenario). For example, it will prevent CU to send additional RRC Reconfiguration message to UE via the source cell which will become unavailable link soon. Therefore, CU knows the latest cell configuration used by UE and then performs the delta configuration for legacy L3 handover procedure.
In addition, CU can start early data forwarding in inter-DU scenario if CU knows the cell switch has been triggered to UE by source DU.
Proposal 4: DU indicates CU about the L1/L2 cell switch has been triggered.
Although RAN2 assumes that sequential L1/L2 cell change between candidates without RRC reconfiguration can be supported, it is also possible that CU decides to update or release one of cell in the candidate cell list. For example, if CU decides that candidate cell A is not suitable anymore for UE based on L3 measurement result, it indicates DU to release the configuration of candidate cell A.
So that the suggested candidate cell list update and release should be supported by the UE Context Modification Request message.
Proposal 5: The suggested candidate cell list update and release should be supported by the UE Context Modification Request message.
Since the L1/L2 based inter-cell mobility is triggered by DU based on the L1 measurements while the traditional L3 based inter-cell mobility is triggered by CU based on L3 measurements, it is possible that both L1/L2 handover command and L3 handover command are sent to UE if there is no CU-DU coordination on L1/L2 handover and L3 handover decision, which results in the handover collision. For example, if L1/L2 handover command is sent to UE firstly and then L3 handover command is sent to UE during the L1/L2 handover execution period (e.g., leaving the source cell but not connecting target cell), the L3 handover command cannot be performed rightly because of serving cell change. Therefore, the resource reserved by the target cell for the UE L3 handover are wasted.
Proposal 6: RAN3 should discuss how to avoid HO collision between L1/L2 based inter-cell mobility and L3 based inter-cell mobility.
There is also one specific issue: in case multiple candidate cell configurations are prepared for UE, a unique identifier should be introduced to indicate which candidate cell configuration is referred to. In addition, RAN2 assumes the MAC CE for L1/2 mobility trigger contains at least a candidate configuration index. Since the candidate cell configurations could be from multiple candidate DUs, how does the unique identifier related to the candidate cell configuration is generated to avoid the identifier conflict or identifier confusion? How do the source DU and UE have common understanding of the unique identifier?
Proposal 7: RAN3 should discuss the unique identifier used to indicate which candidate cell configuration is referred to.
[bookmark: _Hlk117762285]In the last, RAN2 agreed to use some terminologies for the L1/L2 based inter-cell mobility, to avoid very long strings of words and spending excess time due to time spent writing, reading and pronouncing the terms over and over. Therefore, it’s better to keep align with RAN2 terminologies to ensure everyone is talking about the same thing. Some examples of the terminologies are: LTM as term for the L1/L2-triggered mobility, cell switch as term for the procedure of triggering change of cells via the LTM feature.
Proposal 8: Use LTM as term for the L1/L2-triggered mobility, cell switch as term for the procedure of triggering change of cells via the LTM feature, to keep align with RAN2.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
Based on the discussion in this paper, we have the following observations and proposals.
Observation 1: RAN2 assumed that the candidate configuration is received within an RRC message.
Proposal 1: CU sends the suggested candidate cell(s) to DU in one UE Context Modification Request message.
Proposal 2: DU cannot suggest any candidate cells within or outside the list provide by CU.
Observation 2: DU sends serving cell change success to CU including the target cell ID.
Proposal 3: Turn the WA into agreement: The gNB-DU indicates the gNB-CU about the UE successful access to the target cell by Access Success message.
Proposal 4: DU indicates CU about the L1/L2 cell switch has been triggered.
Proposal 5: The suggested candidate cell list update and release should be supported by the UE Context Modification Request message.
Proposal 6: RAN3 should discuss how to avoid HO collision between L1/L2 based inter-cell mobility and L3 based inter-cell mobility.
Proposal 7: RAN3 should discuss the unique identifier used to indicate which candidate cell configuration is referred to.
Proposal 8: Use LTM as term for the L1/L2-triggered mobility, cell switch as term for the procedure of triggering change of cells via the LTM feature, to keep align with RAN2.
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