[bookmark: _Ref399006623][bookmark: _Toc92513360]3GPP TSG-RAN2 Meeting #119bis          	          R2-2209525
Electronic meeting, 10th - 29th October, 2022

Agenda Item:	8.4.2.3
Source: 	Huawei, HiSilicon
Title: 	Solutions for dynamic cell switch in L1/L2 mobility
Document for:	Discussion and decision
Introduction
In the WID [1] on further NR mobility enhancements, one of the objectives is to specify mechanism and procedures of L1/L2 based inter-cell mobility. To reduce the latency of L1/L2 mobility, the network can provide the configurations of multiple candidate cells to the UE in the pre-configuration, and the UE can be switched to one of the candidate cells dynamically via L1/L2 handover command. In the remaining part of the contribution, we discuss the dynamic switch mechanism among the candidate cells for L1/L2 mobility.
Discussion
Handover decision
In the last meeting, we have made an assumption that L1/L2 mobility is triggered based on L1 measurements. It will be further studied whether L3 measurement is used to determine the candidate cells in the preparation phase.
· Assume that we rely on L1 measurements to trigger L1L2 mobility (still measurement for preparation could be L3, FFS)
The below work assumption was agreed the last meeting of RAN3, which was consistent with the assumption made by RAN2.
· 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.
Compared with L3 measurement, using L1 measurement to determine the target cell can further decrease the delay of L1/L2 mobility. After receiving the L1 measurement reports of the candidate cells, the gNB-DU can decide when to trigger the L1/L2 handover and which is the target cell among the candidate cells.
Proposal 1: RAN2 confirms that the L1/L2 handover decision (i.e. when to switch and which cell to switch) is made by the gNB-DU in intra-DU handover scenario and by the source gNB-DU in inter-DU handover scenario.
Handover command content
After determining the target cell, the gNB-DU can indicate the target configuration to the UE using L1/L2 signalling (i.e. L1/L2 handover command). The target configuration indicated in the L1/L2 handover command should be one of the configurations of the candidate cells in the pre-configuration, then the UE can apply the target configuration quickly. In addition to the target cell, the beam information (e.g. TCI state) to be used can also be included in the L1/L2 handover command. The beam information can help the UE to complete the beam alignment in advance, especially when the RACH procedure is avoided to reduce the latency.
Proposal 2a: In the L1/L2 handover command, the network indicates the target configuration to apply among the previously received candidate configurations list, by the index of the candidate configuration.
Proposal 2b: In the L1/L2 handover command, the network can also optionally indicate the target beam (at least for intra-DU case).
Considering the compact format of DCI, the MAC CE is more suitable to be used to carry the L1/L2 handover command, considering at least the candidate index and target beam to be included. We can extend the contents of the L1/L2 handover command in the further study or based on the enhancements of the future releases. If the MAC CE is used to carry the L1/L2 handover, there is no need to send to LS to RAN1 for confirming the flexibility.
Proposal 3: RAN2 assumes MAC CE is used to carry the L1/L2 handover command.
Handover execution, incl. RACH-less
When receiving the L1/L2 handover command, the UE should detach from the source cell and attempt to synchronise to the target cell, just as in the legacy L3 handover. The UE can trigger RACH procedure to synchronise to the target cell, but eliminating the RACH delay during a handover procedure can significantly reduce the handover delay. There is already one scenario where the target PCell is a current SCell with UL, in which the TA towards the current SCell is already available for the UE. 
Proposal 4: Support the procedures/solutions to avoid RACH during R18 L1/L2 mobility, at least when the UL TA towards the target cell is available before handover.
In LTE with RACH-less HO procedure, only timing adjustment indication that TA of the target cell equals to 0 or reusing the TA from the source cell is allowed. However, if only the RACH-less TA obtain mechanism of LTE is considered, the usage of RACH-less is limited. Therefore, further enhancement is needed in RAN1.
Proposal 5: Ask RAN1 to work on solutions to obtain the TA towards the candidate target cell before L1/L2 handover.
The next issue will be how the NW detects the UE’s success access at the target cell.
In the case that the UE accesses the target cell using RACH procedure, the gNB-DU naturally knows the UE access upon the completion of the RACH procedure. In the RACH-avoiding case above, the gNB-DU should know the UE access when the RACH-avoiding procedure completes. For RACH-less procedure, some UL grant/UL data from the UE to target DU can realize this. Therefore, it is more reasonable that the gNB-DU detects the UE access upon the completion of the RACH or RACH-avoiding procedure, instead of the indication from the gNB-CU, so there is no F1 impact.
Observation 1: The target DU will know the UE successful access directly, via RACH procedure or the UL data.
Upon the UE accesses to the target cell, the gNB-CU needs to know that the access to the target cell has been completed. For example, when receiving in the RRCReconfigurationComplete message, the gNB-CU can stop the data or RRC transmission to the source gNB-DU in the case of inter-DU handover. Furthermore, the gNB-CU can determine when to switch the traffic path from the source gNB-DU to the target gNB-DU for the new arrived data packets (including stopping the data transmission to source DU), when the target cell is informed to the gNB-CU (e.g. in the ACCESS SUCCESS message). The gNB-CU also needs to know the newest UE’s position, i.e. the new PCell the UE is newly switched to.
Proposal 6: In R18 L1/L2 mobility, the CU needs to know that UE has successfully accessed the target cell.
Subsequent L1/L2 handover
After the UE accesses to the target cell successfully, the UE can continue maintain the configurations of L1/L2 mobility (i.e. the pre-configuration of the candidate cells) instead of releasing them. In this case, the network can switch the UE dynamically without any new RRC reconfiguration, especially in the case of frequent cell changes. Supporting the subsequent L1/L2 mobility can also help to reduce the signalling overhead. The network can update or release the L1/L2 mobility configurations via RRCReconfiguration message, as shown in the below figure.
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Figure 1. The procedure of intra-DU L1/L2 subsequent handover
First time handover procedure:
1. Handover preparation phase of the first handover procedure. 
2. Handover execution phase of the first handover procedure. After completing the access to the target cell, the UE and the gNB maintain the configuration of the candidate cells and previous source cells, instead of releasing them to support the subsequent L1/L2 handover.
Subsequent handover procedure:
3. The UE performs L1 measurements and transmits the L1 measurement report to the gNB-DU. The UE may perform this step according to the stored L1 measurement configuration.
4. The gNB-DU decides to trigger the subsequent L1/L2 handover based on the L1 measurement reports. For the subsequent L1/L2 handover, the handover preparation phase does not need to be performed again.
5. The network triggers the UE to execute the subsequent L1/L2 handover via L1/L2 handover command. 
6. The UE performs subsequent handover to the target cell using the L1/L2 mobility configurations received in step 1 or configuration of the previous source cell.
7. The gNB-CU can instruct the UE to update or release the L1/L2 handover configuration via the RRCReconfiguration message. 
From the above procedure, it is noted that if the UE supports subsequent L1/L2 handover, the UE does not need to perform the handover preparation phase in the subsequent handover procedure. Based on the analysis of [Tdoc0001], this saves above 20ms of latency. Therefore, we think that subsequent L1/L2 HO can be supported to further improve the mobility performance. 
Proposal 7: L1/L2 mobility supports the “subsequent L1/L2 handover”, i.e. the network can send a subsequent L1/L2 handover command to execute a subsequent L1/L2 handover after a first L1/L2 handover, without any RRC reconfiguration between the first and the subsequent handover.
Conclusion
Observation 1: The target DU will know the UE successful access directly, via RACH procedure or the UL data.
HO decision
Proposal 1: RAN2 confirms that the L1/L2 handover decision (i.e. when to switch and which cell to switch) is made by the gNB-DU in intra-DU handover scenario and by the source gNB-DU in inter-DU handover scenario.
HO cmd
Proposal 2a: In the L1/L2 handover command, the network indicates the target configuration to apply among the previously received candidate configurations list, by the index of the candidate configuration.
Proposal 2b: In the L1/L2 handover command, the network can also optionally indicate the target beam (at least for intra-DU case).
Proposal 3: RAN2 assumes MAC CE is used to carry the L1/L2 handover command.
RACH-less
Proposal 4: Support the procedures/solutions to avoid RACH during R18 L1/L2 mobility, at least when the UL TA towards the target cell is available before handover.
Proposal 5: Ask RAN1 to work on solutions to obtain the TA towards the candidate target cell before L1/L2 handover.
HO complete
Proposal 6: In R18 L1/L2 mobility, the CU needs to know that UE has successfully accessed the target cell.
Subsequent HO
[bookmark: _GoBack]Proposal 7: L1/L2 mobility supports the “subsequent L1/L2 handover”, i.e. the network can send a subsequent L1/L2 handover command to execute a subsequent L1/L2 handover after a first L1/L2 handover, without any RRC reconfiguration between the first and the subsequent handover.
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