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[bookmark: OLE_LINK39][bookmark: OLE_LINK38][bookmark: OLE_LINK37]Introduction
[bookmark: OLE_LINK3]In last couple of RAN2 meetings, we discussed target performance improvements and candidate solutions for L1/L2 triggered mobility and following agreements/working assumptions were made:
	· [bookmark: OLE_LINK9][bookmark: OLE_LINK134]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).
· [bookmark: OLE_LINK27][bookmark: OLE_LINK28]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
· [bookmark: OLE_LINK84]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. 

#119-bis-e
· 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.



In this contribution, we analyse a couple of key factors that influence the mobility latency, discuss how they can be addressed.
Discussion
Based on the above highlighted agreements/working assumptions, we consider the possibility of the UE performing UL sync before execution of L1/L2 triggered mobility (LTM) to realize RACH-less HO and its implications on the network and UE.  
UL synchronization before LTM execution
[image: ]
Figure 1: A UE performing UL sync procedure with a candidate/target gNB-DU, while connected to serving gNB-DU

A UE is expected to perform RACH to an indicated target cell whenever the timing advance (TA) of the UE in target cell is different from that of the source cell. The UE acquiring TA of the target cell any time before the execution of LTM has latency gains during LTM execution. Hence it was agreed to investigate solutions to perform UL sync after the handover decision has been made. A UE can have multiple LTM target cells at any point of time and all of them may not be eligible for handover simultaneously. So, it is sensible for the network to indicate to the UE, the candidate target cell(s) to which UL sync needs to be performed, regardless of the HO decision. 
We think that the UE performing UL sync with the indicated target cell need not be tightly coupled with the handover decision. It could also be made slightly ahead of time, based on the decision at gNB-DU. This could be indicated using a DL MAC CE based on a radio quality threshold slightly ahead of the handover threshold.
[bookmark: OLE_LINK54]Observation 1: For LTM, the handover latency can be reduced, if network (gNB-DU) decides that the UE may perform UL sync to a target cell in advance of the LTM SCC and indicates using a DL MAC CE, the target cell(s) to which the UL sync is to be performed. 
[bookmark: OLE_LINK57]Proposal 1: gNB-DU uses a DL MAC CE to indicate to the UE, the target cell(s) to which UL sync is to be performed, in advance to a LTM serving cell change. 
[bookmark: OLE_LINK73]Impacts to the UE
For both intra-CU intra-DU and intra-CU inter-DU scenarios, performing UL sync consumes latency for the UE during handover. Since the proposal here is for the UE to perform UL sync while still being connected to serving cell, it may impact downlink scheduling of the UE in the serving cell. The UE may not be able to receive DL data while performing UL sync with the target cell.  
[bookmark: OLE_LINK107]Observation 2: DL data transmission at the serving cell is impacted if the UE performs UL sync with a target cell, while still being connected to serving cell.
[bookmark: OLE_LINK64]
DL MAC-PS scheduling 
[bookmark: OLE_LINK65]Based on the service(s) accessed by a UE, the MAC packet scheduler algorithm determines how often to schedule UE’s data packets in the downlink. This DL scheduling involves repetitive gaps, as a UE cannot be scheduled continuously in all TTIs, regardless of the accessed service(s). If the UL sync with the candidate target cell is performed during this scheduling gap, the impacts to DL data transmission at the serving cell can be reduced or avoided. This gap can be identified per UE at the serving gNB-DU and indicated to the UE using a MAC CE whenever UL sync needs to be performed. Since this gap is dynamic in nature and can change with the addition and removal of services/DRBs, this must be indicated each time UL sync needs to be performed by the UE. This indication of scheduling gap could be optional and utilized whenever available.
This information also helps the UE to avoid UL scheduling during the DL scheduling gap.  
Each scheduling gap time duration value could be represented by an index and indicated in the MAC CE.
In fact, a single MAC CE can be used to indicate both the target cell identification and the scheduling gap available to the UE to perform UL sync with the candidate target cell. The reception of the DL MAC CE at the UE can be an implicit indication of the start time.
Observation 3: The same DL MAC CE command can be used by the gNB-DU to indicate to the UE the target cell identity and the available time duration to perform UL sync.
Proposal 2: The DL MAC CE syntax used by the gNB-DU to indicate the UE to perform UL sync may include both target cell identity and the time duration available to perform UL sync with the target cell. 
[bookmark: OLE_LINK79]
Report findings back to Serving DU
The UE may attempt UL sync with the indicated target cell(s) during the scheduling gap. In case there is no scheduling gap indicated to the UE, the UE may start UL sync at the reception of DL MAC CE indicating the target cell identity.

The outcome of the UL sync procedure i.e success or failure and the acquired target cell Timing Advance may be of interest to serving DU, for eg: to stop UL sync retries or to realize RACH-less HO. Hence, we propose that the UE sends an UL MAC CE to the serving gNB-DU to report the findings of the UL sync procedure. 
The UE may also send an aperiodic L1 measurement report for the indicated target cells.
Proposal 3: The UE reports the outcome and findings of the UL sync procedure to the serving gNB-DU.
Security for LTM execution
[bookmark: OLE_LINK68]Several companies have expressed security concerns since the execution of LTM is agreed to be performed using a DL MAC CE which is not encrypted and hence unsecured. 
A UE can have multiple LTM target cells configured at any point and since the target cell configuration is indicated to the UE using RRC, we think each target cell can be assigned an index by the gNB-CU, which can be further signalled to both UE and the gNB-DU. By including only the index of the target cell in the DL MAC CE command, the LTM HO command can be secured. 
Observation 4: Indexing the candidate LTM target cells for each individual UE and using the target cell Index rather than the cell identity during LTM execution addresses security concerns.
In fact, this indexing can be extended to Proposal 2, where the MAC CE is used to indicate the target cell identity and gap duration, to perform UL sync. A similar principle could be used to indicate the different time duration values available to the UE based on its scheduling gap. This ensures that the information carried over a DL MAC CE for LTM is not unsecure.
Observation 5: Together with the target cell identity in the DL MAC CE used to send LTM serving cell change command, other information which are exhaustive in nature such as scheduling gap duration, can also be signalled using indexes to secure them. 
Proposal 4: LTM candidate target cells are assigned indexes by the gNB-CU and signalled to the UE and gNB-DU. The gNB-DU indicates the index of the LTM target cell in all the LTM related MAC CE commands that use target cell ID.
The index to a LTM target cell could be allocated as and when a new LTM target cell is configured for the UE. Removal of a target cell will imply freeing up the index as well. Index allocation can be done till the max number of LTM target cells and subsequently re-used.  
Proposal 5: Index allocation to LTM target cells can be on a first-cum-first-serve basis till the max number of target cells and subsequently re-used. 
The index of target cells of the UE at a serving gNB-DU can be transferred to the target gNB-DU by the CU-CP, if one or more target cells can be retained for the UE. This is feasible and useful when target cell configurations are prepared as delta configuration on top of a base configuration. The base configuration could belong to the UE’s first serving cell.

Proposal 6: The indexes of target cell configurations of a UE could be re-used at a new serving cell, if target cell configurations are re-used at the new serving cell.

Conclusion
We have the following observations:
Observation 1: For LTM, the handover latency can be reduced, if network (gNB-DU) decides that the UE may perform UL sync to a target cell in advance of the LTM SCC and indicates using a DL MAC CE, the target cell(s) to which the UL sync is to be performed.
Observation 2: DL data transmission at the serving cell is impacted if the UE performs UL sync with a target cell, while still being connected to serving cell.
Observation 3: The same DL MAC CE command can be used by the gNB-DU to indicate to the UE the target cell identity and the available time duration to perform UL sync.
Observation 4: Indexing the candidate LTM target cells for each individual UE and using the target cell Index rather than the cell identity during LTM execution addresses security concerns.
Observation 5: Together with the target cell identity in the DL MAC CE used to send LTM serving cell change command, other information which are exhaustive in nature such as scheduling gap duration, can also be signalled using indexes to secure them.
We have the following proposals: 
Proposal 1: gNB-DU uses a DL MAC CE to indicate to the UE, the target cell(s) to which UL sync is to be performed, in advance to a LTM serving cell change.
Proposal 2: The DL MAC CE syntax used by the gNB-DU to indicate the UE to perform UL sync may include both target cell identity and the time duration available to perform UL sync with the target cell. 
Proposal 3: The UE reports the outcome and findings of the UL sync procedure to the serving gNB-DU.
Proposal 4: LTM candidate target cells are assigned indexes by the gNB-CU and signalled to the UE and gNB-DU. The gNB-DU indicates the index of the LTM target cell in all the LTM related MAC CE commands that use target cell ID.
Proposal 5: Index allocation to LTM target cells can be on a first-cum-first-serve basis till the max number of target cells and subsequently re-used. 
Proposal 6: The indexes of target cell configurations of a UE could be re-used at a new serving cell, if target cell configurations are re-used at the new serving cell.
Reference
[1] RP-222332, “Revised WID on Further NR mobility enhancements,” MediaTek
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