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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
In the last meeting, RAN3 has made the following agreements and WAs,

	Scenarios, use cases, principles, and general concepts:
· Both intra- DU and intra-CU inter-DU scenarios are supported for L1/L2 mobility.
· 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) 
· 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.
· RAN3 focuses on the network-controlled procedure for L1/L2 based inter-cell mobility.
Intra-DU L1/L2 mobility procedure:
Handover preparation:
· WA: For intra-DU L1/L2 mobility, the existing F1AP procedure (e.g., F1AP UE CONTEXT MODIFICATION) is reused for handover configuration for inter-cell mobility.
· The gNB-CU initiates the L1/L2 mobility configuration procedure. FFS on whether gNB-DU can also initiate the L1/L2 mobility configuration procedure.
· The configuration of candidate target cell(s) for L1/L2 mobility is initiated by the gNB-CU. Details are FFS.
Handover execution:
· WA: RAN3 assumes that the UE sends the L1 measurement report to the gNB-DU and the gNB-DU triggers UE mobility to a target candidate cell. All details are up to RAN1 and RAN2 discussion.
· FFS on how the gNB/gNB-DU detects the UE access and whether there is an F1 impact.
Handover completion:
· For intra-DU L1/L2 handover, whether and how to release the source cell/prepared cells’ resources in the gNB-DU is FFS.



RAN2 has also made a similar agreement as RAN3 for the design of both scenarios in last meeting,
	Agreements 
· The design for intra-DU and inter-DU L1/L2-based mobility should share as much commonality as reasonable. FFS which aspects need to be different.


In this contribution, we will discuss the above FFS issues. And then we will discuss the procedures of L1/L2 based inter-cell mobility for both intra-DU and intra-CU inter-DU scenarios, and try to figure out how to design a single solution for both scenarios.
2. Discussion
Issue 1: Whether gNB-DU can initiate the L1/L2 mobility configuration procedure.
During the discussion of last meeting, there are two options for L1/L2 mobility initiation:
	Option 1: CU initiates the L1/L2 mobility configuration procedure based on L3 measurement results.
	Option 2: DU initiates the L1/L2 mobility configuration procedure based on L1 measurement results.
For option 1, CU selects candidate target cells for L1/L2 mobility based on L3 measurement results. After preparion of candidate target cells, the configurations of candidate target cells are sent to serving DU. The serving DU may accept or reject (part of) the candidate cells recommended by CU. After that, CU configures the concerned UE with the configurations of candidate cells accepted by serving DU, along with the L1 measurement configurations for candidates cells, via RRC message.
For option 2, CU needs to send L1 measurement configuration related to potential candidate target cells(e.g. SSB configurations) to UE firstly. Based on L1 measurement results reported by UE ,the serving DU or CU selects and triggers candidate cells to perform handover preparion . With the configurations provided by target DUs, the CU configures the concerned UE with the configurations of candidate cells via RRC message.
When L1 measurement result is received, the serving DU in option1 can indicate the concerned UE to perform cell switch immediately, while the serving DU in option2 has to perform handover preparation before it can indicate the concerned UE to perform cell switch. In other words, option 2 leads to more latency for L1/L2 mobility than option 1.
Therefore, we think that both options can be supported by the network, but option 1 is better because of lower latency.
Proposal 1 gNB-DU does not allowed to initiate L1/L2 mobility configuration procedure, since compared with gNB-CU initiating L1/L2 mobility, gNB-DU initiating L1/L2 mobility leads to no gain but longer latency.
Issue 2: How the gNB/gNB-DU detects the UE access and whether there is an F1 impact.

In the legacy handover procedure, one gNB/gNB-DU detects the access of handover UE during the RACH procedure. In our view, RAN3 can keep the RACH based detection solution as working assumption now, and no F1 impact is expected. In case RAN1/2 agrees to apply rach-less and early-rach in L1/L2 mobility, enhancements on F1 interface for supporting rach-less and early-rach can be considered.
Proposal 2 RAN3 assumes gNB/gNB-DU can detect the handover UE access during rach procedure in L1/L2 mobility, i.e. legacy mechanism is reused and no F1 impact is expected. Enhancements on F1 interface for supporting rach-less and early-rach can be considered later if RAN1/2 agrees to apply rach-less and early-rach.
Issue 3: For intra-DU L1/L2 handover, whether and how to release the source cell/prepared cells’ resources in the gNB-DU.

After one handover UE accesses to the target cell successfully, the serving CU may indicate the source cell and prepared cell other than the target cell to release the resources reserved for the concerned UE. We think the current F1 procedures such as UE Context Release procedure (gNB-CU initiated) and UE Context Release Request procedure (gNB-DU initiated) can be reused to release the resources and no new F1 interface procedure is needed.
Proposal 3 UE Context Release procedure (gNB-CU initiated) and UE Context Release Request procedure (gNB-DU initiated) can be reused to release the source cell/prepared cells’ resources.
About the issue of whether to release the source cell/prepared cells’ resources in the gNB-DU, we think the resources may not be released if the source cell/ prepared cells can be used as candidate cells for the following L1/L2 handover. Since whether continuous L1/L2 handover is supported is up to RAN2 discussion, we can just wait for RAN2’s progress.
Proposal 4 Whether to release the source cell/prepared cells’ resources after handover completion depends on whether continuous L1/L2 handover is supported. RAN3 can wait for RAN2’s discussion on this issue.
3. L1/L2 mobility procedures
3.1 Intra DU L1/L2 mobility
Figure 1 shows the flow chart of intra-DU L1/L2 mobility. 

 
[bookmark: _Ref61456335]Figure 1: Intra-DU L1/L2 mobility

Handover Preparation:
Step 1：The gNB-CU sends an UE CONTEXT MODIFICATION REQUEST message to gNB-DU to create an UE context and setup one or more data bearers. The message is sent for each candidate cell and includes a HandoverPreparationInformation (L1/L2 handover) or a CG-ConfigInfo (L1/L2 PSCell change). Target cell ID is included in L1/L2 intra-DU Mobility Information in UE CONTEXT MODIFICATION REQUEST message.
Step 2: The gNB-DU responds to the gNB-CU with an UE CONTEXT MODIFICATION RESPONSE message including the target cell ID that was requested from the gNB-CU. The response message is sent for each requested candidate cell.
Step 3: The gNB-CU sends a DL RRC MESSAGE TRANSFER message to gNB-DU, which includes a generated RRCReconfiguration message. L1 measurement configuration and candidate cells configuration are included in the RRCReconfiguration message.
Step 4~6: The gNB-DU forwards the received RRCReconfiguration message to the UE. Then the UE responds to the gNB-DU with an RRCReconfigurationComplete message, for which the gNB-DU forwards to the gNB-CU via an UL RRC MESSAGE TRANSFER message.
Handover Execution:
Step 7~8: Based on L1 measurement report received from the UE, DU decides to initiate L1/L2 HO and sends L1/L2 HO command to UE.
Step 9: UE performs RACH in the target cell.
Step 10: DU informs CU of which cell the UE has successfully accessed during L1/L2 handover by ACCESS SUCCESS message. Upon the reception of ACCESS SUCCESS message, CU applies the RRC configuration of target cell which was pre-configured to UE in step 4.
Handover Complete:
Step 11~12: The gNB-CU sends a UE CONTEXT RELEASE COMMAND message to the source gNB-DU, the source gNB-DU releases the source cell/prepared cells’ resources and responds to the gNB-CU with a UE CONTEXT RELEASE COMPLETE message.
3.2 Intra-CU inter-DU L1/L2 mobility
Figure 2 below describes the procedure of L1/L2 mobility in intra-CU inter-DU case. Generally speaking, the procedures of intra-CU inter-DU L1/L2 mobility are almost the same as intra-DU L1/L2 mobility. Except that some enhancements for data transfer from CU to T-DU may be introduced in inter-DU case which requires enhancement on F1 interface. We explain how the enhancements for data transfer impact the procedure following:


Figure 2: Intra-CU inter-DU L1/L2 mobility
Handover Preparation:
Step 1~6：Same as step 1~6 in intra-DU case. Except that candidate cells are prepared by candidate T-DU, not S-DU.
Handover Execution:
Step 7~8: Same as step 7~8 in intra-DU case.
Step 9: If option 2 data transfer is used, S-DU informs CU that L1/L2 handover has been initiated and the target cell id. Details are discussed in the Data Transfer section below.
Step 10~11: Same as step 9~10 in intra-DU case. Except that RACH is performed in T-DU, not S-DU.
Handover Completion:
Step 12~13: Same as step 11~12 of intra-DU case. Prepared cells’ resources in candidate T-DU should also be released if needed. 
Data Transfer:
In the flow chart above, one opening issue to discuss is when and how to tirgger the CU to start data transfer to T-DU, there are 3 options:
	Option 1: Data transfer during handover preparation.
	Option 2: Data transfer during handover execution.
	Option 3: Data transfer during handover completion.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]For option 1, CU starts to transfer data to candidate T-DU(s) before handover command is sent to UE, due to the early start of data transfer and the existence of multiple candidate T-DUs, the middlehaul load for option1 is very large. The advantage is that T-DU can transfer data to UE immediately after detection of UE access, therefore data interruption can be reduced.
For option 2, after handover command is sent to UE, S-DU informs CU that L1/L2 handover has been initiated and the target cell id. Then CU starts to transfer data to T-DU. Since the data transfer is started after the T-DU is determined and before the handover is completed, the middlehaul load for option 2 is less than option 1 and the data interruption for option 2 is shorter than option 3.
For option 3, data transfer from CU to T-DU is started after handover completion. Since the start time for data transfer of option 3 is the latest between the 3 options and CU only needs to transfer data to one DU, the middlehaul load is the smallest among the 3 options. In contrast, the data interruption of option 3 is the longest among the 3 options, because there’s no data in T-DU when UE accesses to the target cell successfully.
It can be seen that if the data transfer starts later, the network overhead is less but the time data interruption is longer. So we propose to use option 2 to balance network overhead and data interruption.
Proposal 5 To balance network overhead and data interruption, S-DU should inform CU that L1/L2 handover is initiated and the target cell id after handover command is sent from S-DU to UE. And Data transfer from CU to T-DU should start as soon as CU knows the T-DU that UE will access later. 
3.3 Summary for both scenarios
From the above analysis, most of the designs for intra-DU and intra-CU inter DU cases are the same, which means a single solution can be used for both scenarios.
For intra-CU inter-DU case, there are some additional data transfer issues to consider. In order to balance the data transfer middlehaul load for network and the data interruption for UE, Some enhancements for data transfer from CU to T-DU are needed as discussed above.
4. Conclusion
In this contribution, we discuss the potential impacts on F1 interface for L1/L2 based mobility in intra-DU and intra-CU inter-DU cases. We have the following proposals.
Proposal 1 gNB-DU does not allowed to initiate L1/L2 mobility configuration procedure, since compared with gNB-CU initiating L1/L2 mobility, gNB-DU initiating L1/L2 mobility leads to no gain but longer latency .
Proposal 2 RAN3 assumes gNB/gNB-DU can detect the handover UE access during rach procedure in L1/L2 mobility, i.e. legacy mechanism is reused and no F1 impact is expected. Enhancements on F1 interface for supporting rach-less and early-rach can be considered later if RAN1/2 agrees to apply rach-less and early-rach.
Proposal 3 [bookmark: _GoBack]UE Context Release procedure (gNB-CU initiated) and UE Context Release Request procedure (gNB-DU initiated) can be reused to release the source cell/prepared cells’ resources.
Proposal 4 Whether to release the source cell/prepared cells’ resources after handover completion depends on whether continuous L1/L2 handover is supported. RAN3 can wait for RAN2’s discussion on this issue .
Proposal 5 To balance network overhead and data interruption, S-DU should inform CU that L1/L2 handover is initiated and the target cell id after handover command is sent from S-DU to UE. And Data transfer from CU to T-DU should start as soon as CU knows the T-DU that UE will access later.
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