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[bookmark: OLE_LINK39][bookmark: OLE_LINK38][bookmark: OLE_LINK37]Introduction
In last RAN2 meeting, the following 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 RACH-less Handover for intra gNB-DU and intra gNB-CU inter gNB-DU LTM.
Discussion
The timing advance (TA) of a UE could be different in different cells of the network. Hence whenever UE undergoes mobility and performs serving cell change, the UE must acquire the TA of the target cell before it can start data transmission. In the legacy baseline NR L3 mobility, the UE obtains the timing advance (TA) of the target cell and completes the UL synchronization via the RACH procedure. This delay is included in the overall Handover latency and user-service interruption.
Hence, RAN2 has agreed to investigate solutions to improve HO latency and reduce user-service interruption during L1/L2 triggered mobility (LTM).  In the previous RAN2 meeting, a working assumption was made, which is highlighted in sec 1. This supports RACH-less HO for LTM. 
RACH-less Handover
[bookmark: OLE_LINK79]RACH-less solutions were studied and specified by RAN2 for LTE to reduce the interruption time during handover. Two cases were agreed: 
· First, when the TA of the target cell equals to 0, and 
· Second, when the target cell has the same TA with the source cell.
So, even for NR, in the context of LTM, we can start with these two scenarios as the basis for RACH-less HO.
RACH-less L1/L2 triggered mobility
Both intra-CU intra-DU and intra-CU inter-DU scenarios are considered for LTM, as mentioned in the highlighted text of sec 1. Another aspect that we would want to emphasize is that the target cell preparation for LTM is performed by the gNB-CU, based on the L3 measurements. 
To prepare a target cell configuration corresponding to RACH-less HO, the gNB-CU needs to be aware when it can request such a target cell configuration from the target gNB-DU.  
In the intra-DU scenario, the source and target gNB-DU are the same and the target cell belongs to the serving gNB-DU. In this case, even if the gNB-CU does not explicitly indicate the need for a target cell configuration corresponding to RACH-less HO, the gNB-DU(serving as both source and target) can determine the feasibility of a RACH-less HO and provide a RACH-less configuration to the gNB-CU, eventually delivered to the UE. Meanwhile, the gNB-DU can help the UE to perform TA adjustments and enable RACH-less HO to the target gNB-DU cell.
However, in the inter-DU scenario, the source and target gNB-DU are different and hence, the gNB-CU needs to decide whether or not to request a RACH-less target cell configuration from the target gNB-DU. For this, the CU needs to be aware of the feasibility of a RACH-less HO at the target cell in order to request a configuration corresponding to that. There are a few options possible here.
Option 1: At the time of an inter-DU LTM target cell preparation, the gNB-CU fetches the timing advance of the UE in serving gNB-DU and shares this with the target gNB-DU. The target gNB-DU may also be indicated to provide a RACH-less target cell configuration whenever feasible, based on the UE’s TA in serving cell. Subsequently, depending on the kind of target cell configuration prepared, the CU may indicate to the serving DU to trigger UL sync procedure with the UE to address TA adjustments due to UE mobility. 
Option 2: The CU configures each DU to report periodically, an averaged Timing Advance for a given RSRP value or range for each beam/beam-group. This information may be used at the CU to determine feasibility of a RACH-less HO at the target DU. When preparing an inter-DU LTM target cell, the CU requests the target gNB-DU to provide a RACH-less target cell configuration for the UE. Subsequently, the CU may indicate to the serving DU to trigger UL sync procedure with the UE to address TA adjustments due to UE mobility.
NOTE: The averaged TA could be a value generated at the gNB-DU based on the TA of multiple individual UEs reporting a given RSRP value or range for a given beam/beam-group.
Option 3: Based on the received L1 measurements and feedback reports of the UL sync procedure by the UE, the serving gNB-DU continuously identifies potential inter gNB-DU target cells that are eligible for RACH-less HO. The serving gNB-DU periodically reports such a list to the gNB-CU, provided the cells satisfy an internal RRM criteria, eg: L1 RSRP threshold reported by the UE. The gNB-CU could use this information when preparing an inter-DU LTM target cell. Subsequently, the CU may indicate to the serving DU to trigger UL sync procedure with the UE to address TA adjustments due to UE mobility. 
Option 4: The gNB-CU blindly requests the target gNB-DU to prepare a RACH-less inter gNB-DU target cell configuration. In such a scenario, if either the UL sync cannot be executed or is unsuccessful, the UE may have to perform a contention-based RACH procedure when the LTM serving cell change is executed.
Observation 1: In Inter gNB-DU LTM, RACH-less HO needs additional information from serving gNB-DU at the gNB-CU. Enabling a RACH-less LTM HO in the inter gNB-DU needs interworking with RAN3

Proposal 1: RAN2 discusses and agrees a solution to enable RACH-less LTM HO in the inter gNB-DU scenario and sends LS to RAN3 for further signaling support, discussion and decision relevant to RAN3.


Prioritization of RACH-less L1/L2 triggered mobility
As per agreements in previous RAN2 meetings, a UE can be configured with multiple LTM target cells beforehand. These target cells could belong to the same or different gNB-DUs within the same gNB. Each of these target cells may have prepared different configurations depending on the capability of gNB-DU, resource availability at the time of target cell preparation, explicit request from gNB-CU etc. 

However, whenever there are multiple target cells configured for a UE, there may be scenarios where more than one target cell is eligible for a LTM HO. For eg: when at least two cells satisfy the HO criteria. In such scenarios, we propose to prioritize RACH-less LTM HO over RACH-based LTM HO. This implies that the serving gNB-DU could select a target cell with RACH-less HO configuration, even if it is not the best target cell, as long as it satisfies the LTM HO criteria. For this, the gNB-CU could indicate to the serving gNB-DU, the kind of LTM HO configuration (RACH-based or RACH-less) prepared by the target gNB-DU.

In fact, the same concept can be extended to other target cell configurable RRM aspects like slice re-mapping, DRB configuration, carrier configuration for carrier aggregation etc. i.e depending on the changes to cell configuration at the target DU compared to the serving DU, the gNB-CU could allocate different priorities for each target cell. This LTM HO priority could be delivered to the serving gNB-DU and configured to be used whenever there are two or more target cells satisfying LTM HO criteria.

Proposal 2: gNB-CU assigns LTM HO priority to each prepared target cell and communicates it to serving gNB-DU to be used when there are multiple target cells satisfying LTM HO criteria.


 Conclusion
We have the following observations:
Observation 1: In Inter gNB-DU LTM, RACH-less HO needs additional information from serving gNB-DU at the gNB-CU. Enabling a RACH-less LTM HO in the inter gNB-DU needs interworking with RAN3

We have the following proposals: 
Proposal 1: RAN2 discusses and agrees a solution to enable RACH-less LTM HO in the inter gNB-DU scenario and sends LS to RAN3 for further signaling support, discussion and decision relevant to RAN3.
 
Proposal 2: gNB-CU assigns LTM HO priority to each prepared target cell and communicates it to serving gNB-DU to be used when there are multiple target cells satisfying LTM HO criteria.
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