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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The signalling support for L1/L2 based inter-cell mobility was initially discussed in RAN3#117 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.
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.
The gNB-CU initiates the L1/L2 mobility preparation procedure. It is FFS on whether the gNB-CU or the gNB-DU decides the final candidate cell list.
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.
RAN3 focuses on the network-controlled procedure for L1/L2 based 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.
It is not precluded gNB-DU initiates the L1/L2 mobility configuration procedure.
[bookmark: OLE_LINK4]The configuration of candidate target cell(s) for L1/L2 mobility is initiated by the gNB-CU. Details are FFS.
It is not precluded the DU can suggest candidate target cell(s), etc. 
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.
For intra-DU L1/L2 handover, whether and how to release the source cell/prepared cells’ resources in the gNB DU is FFS.




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#119 meeting, RAN2 made the following agreements and assumptions [2]:
	Assumption: HO interruption time for L1/L2-based inter-cell mobility is the time from UE receives the cell switch command to UE performs the first DL/UL reception/transmission on the indicated beam of the target cell. FFS if TRS tracking after HO and CSI RS measurement should also be included, i.e. the time to use a high-performance beam (can be clarified further).
Assumption: To reduce HO interruption time, investigate e.g. solutions to reduce the time for UE reconfiguration (already in the WID), downlink and uplink synchronization after handover decision (other parts of dynamic switch not precluded).
Confirm to Support L1/L2-based inter-cell mobility for inter-DU scenario (as well as intra-DU scenarios).  
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.
R2 assumes that L2 is continued whenever possible (e.g. intra-DU), without Reset, with the target to avoid data loss, and the additional delay of data recovery.
ICBM is one scenario considered for L1L2 mobility, but is not the only one, and is not a prerequisite for using L1L2 mobility.
RAN2 to consider preparation of target cell configurations capable of dynamic switching without need for full configuration.
Measurement delay can/may be considered in this work
Assume that we rely on L1 measurements to trigger L1L2 mobility (still measurement for preparation could be L3, FFS)
R2 will initially focus on PCell mobility. 
R2 assumption: Rel-18 L1/L2 mobility includes both non-CA (PCell only) and CA scenarios (PCell and SCell). This includes the following cases
a) the target PCell/target SCell(s) is not a current serving cell (CA  CA scenario with PCell change)
b) FFS the target PCell is a current SCell
c) FFS the target SCell is the current PCell.
DC scenarios are FFS (e.g. PSCell mobility may be a low hanging fruit FFS). 
Current options on the table: to configure a L1/L2 inter-cell mobility candidate cell:
a.	One RRCReconfiguration message for candidate target cell
b.	One CellGroupConfig IE for each candidate target cell
c.	One SpCellConfig IE for each candidate target cell
Will send an LS to RAN1 and RAN3 on the progress of this meeting. 




According to the RAN2 agreements and assumptions, RAN2 will initially focus on PCell mobility, and the R18 L1/L2 mobility includes the SA and CA scenarios, while the DC scenario may be down prioritized.
Observation 1: RAN2 will initially focus on PCell mobility, and the R18 L1/L2 mobility includes the SA and CA scenarios, while the DC scenarios are FFS.
Although RAN3 made the agreements that the SA, CA and DC are supported in the L1/L2 mobility, all companies agreed the detail scenarios and prioritization shall be defined by RAN2. In order to align with the RAN2 agreements, it is suggested that RAN3 should initially focus on the network signalling design to support SA and CA scenarios.
Proposal 1: RAN3 should initially focus on network signalling design on L1/L2 based inter-cell mobility to support SA and CA scenarios.
RAN2 also assumed that we rely on L1 measurements to trigger L1/L2 mobility, while L3 measurements are FFS. 
Observation 2: RAN2 assumed that the L1 measurements are used to trigger L1/L2 mobility.
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. 
Observation 3: It is up to DU to trigger the serving cell change by L1/L2 signalling to UE in intra-DU case.
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.
Observation 4: 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 last meeting, RAN3 assumed that the UE sends the L1 measurement report to the gNB-DU and the gNB-DU triggers UE mobility to a candidate target cell, and all details are up to RAN1 and RAN2 discussion. Therefore, based on the RAN2 assumptions, we propose:
[bookmark: OLE_LINK3]Proposal 2: RAN3 confirms that UE sends the L1 measurement reports to DU, and DU triggers the UE mobility to a candidate target cell in intra-DU case.
Proposal 3: RAN3 confirms that UE sends the L1 measurement reports to source DU, and source DU triggers the UE mobility to a candidate target cell in intra-CU inter-DU case.
In last meeting, RAN3 agreed that:
· The configuration of candidate target cell(s) for L1/L2 mobility is initiated by gNB-CU. 
· The gNB-CU initiates the L1/L2 mobility configuration procedure.
It seems there isn’t too much difference between these two agreements. During the preparation phase, when CU generates the configuration of candidate target cell(s) for L1/L2 mobility by itself or CU receives the configuration of candidate target cell(s) for L1/L2 mobility from DU, CU should send the configuration to UE via RRC message, e.g., RRC Reconfiguration message, the same way as legacy. The configuration of candidate target cell(s) for L1/L2 mobility includes the configuration of prepared candidate target cell(s) which UE needs to execute, and the measurement reporting configuration on how to report L1 measurements of candidate target cell(s) to DU by UE. 
Proposal 4: Same as legacy, the RRC message containing the configuration of candidate target cell(s) for L1/L2 mobility for UE is provided by CU.
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 5: 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.
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 1.


Figure 1. 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 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 2.


Figure 2. L1/L2 based inter-cell mobility for intra-CU inter-DU case
[bookmark: OLE_LINK5]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.
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 10: 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. For example, the unique identifier could be used in L1/L2 handover command to indicate which candidate cell configuration should be applied /used /activated by UE when the UE receives the L1/L2 handover command. In addition, 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 11: RAN3 should discuss the unique identifier used to indicate which candidate cell configuration is referred to.
[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 will initially focus on PCell mobility, and the R18 L1/L2 mobility includes the SA and CA scenarios, while the DC scenarios are FFS.
Proposal 1: RAN3 should initially focus on network signalling design on L1/L2 based inter-cell mobility to support SA and CA scenarios.
Observation 2: RAN2 assumed that the L1 measurements are used to trigger L1/L2 mobility.
Observation 3: It is up to DU to trigger the serving cell change by L1/L2 signalling to UE in intra-DU case.
Observation 4: 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 2: RAN3 confirms that UE sends the L1 measurement reports to DU, and DU triggers the UE mobility to a candidate target cell in intra-DU case.
Proposal 3: RAN3 confirms that UE sends the L1 measurement reports to source DU, and source DU triggers the UE mobility to a candidate target cell in intra-CU inter-DU case.
Proposal 4: Same as legacy, the RRC message containing the configuration of candidate target cell(s) for L1/L2 mobility for UE is provided by CU.
Proposal 5: 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 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.
Proposal 10: RAN3 should discuss how to avoid HO collision between L1/L2 based inter-cell mobility and L3 based inter-cell mobility.
Proposal 11: RAN3 should discuss the unique identifier used to indicate which candidate cell configuration is referred to.
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