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1 Introduction
In RAN2# 119e meeting, Goals of L1/L2 mobility WID and criteria on L1/L2 mobility performance has been discussed in the meeting. Here are some of the agreements achieved in RAN2# 119e meeting [1]:
· 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)

In RAN2# 119e meeting, L1/L2 mobility latency model and delay components have been discussed. RAN2 adopts the delay model of L1/L2 mobility [2]. RAN2 delay model illustrates all the latency contributors including mobility configuration & triggering, DL synchronization and UL synchronization. It is desirable to be more focused on minimizing the delay caused by major delay components.
In this Tdoc, based on RAN2 identified major delay components, we discuss the delay impact to other mobility performance criteria, possible solutions to resolve the major issues.
2 Discussion
2.1 Delay impact to mobility performance
For emerging wireless applications with high data rate and low latency requirements, inter-cell handover (HO) latency is still a major issue that causes service interruption and loss of throughput during mobility at the inter-cell border areas. Especially, in FR2, fast moving UEs can experience significant data throughput drop and service interruption due to frequent intercell/TRP switches.
In RAN2# 119e meeting, RAN2 adopts the delay model of L1/L2 mobility with RRC pre-configuration and conventional mobility mechanism [2]. RAN2 mobility delay model includes all the delay components of the overall mobility latency which includes RRC mobility HO configuration & triggering, DL synchronization and UL synchronization.
With RAN2 assumption of the separation of RRC mobility pre-configuration and low layer signalling mobility triggering, the major part of the HO configuration & switch triggering delay is off the HO time critical path. Since the candidate configuration is pre-configured early, the pre-configuration does not have impact to the on-going service with the source cell. 
After the target cell appears, it will take some time for the UE to reflect it in the measurement and report to the serving cell, and based on the measurement report the serving cell to make the decision and send the cell switch command to the UE. RAN2 defines this time delay as the measurement delay [2]. The delay time from the target appearance to the target connection establishment, including measurement delay and service interruption [2], is critical for mobility performance. It represents how fast L1/L2 mobility mechanism to complete the handover procedure in response to radio condition changes due to mobility. This delay should be minimized such that after the target cell is connected as the serving cell there are enough time left for data transmission before moving out of the serving cell. Otherwise, the HO mechanism with long latency will not be able to handle the mobility in high frequency and small node coverage scenarios, and high HO failure rate will be experienced. 
Observation 1: The handover delay including measurement delay and service interruption, which determines mobility performance, should be minimized.
RAN2 defines the service interruption time from issuing of cell switch command to the establishing of the connection with the target cell. The RAN2 delay model [2] indicates DL and UL synchronization delays are major components of the intercell mobility service interruption. It is desirable to reduce the latency caused by DL and UL synchronizations.

Observation 2: DL and UL synchronizations are major contributors of the intercell mobility latency and service interruption.
HO delay is an essential metric for improving the mobility performance. For delay sensitive and high data rate applications, 0ms interruption mobility is desirable. The mobility mechanism with low latency allows a UE to be more responsive to the channel condition changes due to mobility. It can largely reduce the HO failure rate especially in high frequency and small node coverage scenarios. The low HO latency can also largely reduce the ToS threshold of ping-ponging criterion. In addition, in order to maintain high data throughput during the mobility at the cell border areas, low mobility latency is also required to allow the UE to quickly switch among the cells to get the best channel condition, and to enable the second leg quickly in DC scenario. In general, reducing the mobility latency can improve the mobility performance in most aspects. In Rel-18, we could focus on mobility latency reduction on the major latency contributors, i.e., DL synchronization and UL synchronization.
Observation 3: Mobility latency reduction is essential to reduce the service interruption, to improve the throughput during mobility and to overcome ping-ponging.
Proposal 1: For Rel-18 feMob, RAN2 can focus on latency reduction of the major delay contributors: DL synchronization and UL synchronization.
2.2 Latency reduction on DL synchronization
In RAN2# 119e meeting, RAN2 assumes that L1 measurement triggers cell/TRP switch. The basic assumption on the L1/L2 mobility triggering procedure is: after the L1/L2 mobility pre-configuration, the UE performs the L1 measurement and report to the serving source cell for the pre-configured candidates of reasonable quality. The source cell based on the UE candidate cell L1 measurement report decides the mobility target cell and sends the low layer cell switching command to the UE. After pre-configuration and before the low layer cell switch, the UE already performs L1 measurement on the candidate cells. It is possible, at the measurement phase and before cell switching is triggered, the UE performs full timing information acquisition for DL synchronization of a candidate cell.  
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Figure 2: Early acquisition of a candidate cell’s full DL timing information
Based on the mobility delay chart in [2], we use Figure 2 to illustrate an example of early acquiring the candidate DL timing information. The early candidate timing tracking and full timing information acquiring procedure can be as follows:

1. At the UE when the L1 measurement of a candidate cell is above a threshold, early candidate DL timing acquisition and tracking is triggered for the cell.

2. The UE measures the Reference Signal Time Difference (RSTD) between the source cell reference signal and the candidate cell reference signal.

3. After obtained RSTD, the UE based on the timing of the candidate cell, decodes the MIB of the candidate cell.

4. Before cell switching command is received, the UE stores and updates the timing information of the candidate(s) periodically.

5. Upon received the cell switching command with network determined target cell, the UE uses the stored RSTD to determine the target cell DL reference timing and applies the stored most recent MIB information.

6. The most recent RSTD of the target cell can also be used to facilitate the UL synchronization.

From the above procedure, we can see the most part of the early DL synchronization work is L1 enhancement. RAN1 endorsement and support are required.
Observation 4: It is possible that the UE performs DL timing information acquiring and tracking at the L1 measurement phase before cell switching command issued. 
Observation 5: Early DL timing information acquisition for the qualified candidate cell(s) can largely reduce the DL synchronization delay impact to the service interruption. 
Proposal 2: Support UE acquiring and tracking candidate’s timing information including RSTD and MIB at the L1 measurement phase before cell switch command is received.

Proposal 3: Upon receiving the cell switching command, the UE applies the stored most recent RSTD and MIB to achieve the DL synchronization of the target cell.
2.3 Latency reduction on UL synchronization
As illustrated in [2], the UL synchronization delay includes the delay for acquiring the first available PRACH occasion in the new cell, and RAR delay. It is the delay caused by random access to the target cell. In principle, the access to the target cell has to be performed after cell switch command is issued since the UE need to be closed enough to the target node for good enough radio condition for access. Even in DC enabled situation, after Time Alignment Timer (TAT) is expired with an already connected UL and previously determined TA, random access has to be performed again to obtain a new TA and re-establish the UL synchronization. 

It is obvious that if random access to the target cell can be avoid and RACH-less access can be achieved, the UL synchronization delay can be minimized. Figure 3 illustrates the reduced service interruption with early DL synchronization and eliminated UL synchronization delay via RACH-less access:
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Figure 3: Reducing service interruption with early DL synchronization and UL RACH-less access
It is desirable to achieve RACH-less target access when an inter-cell/inter-TRP switch occurs. 
Observation 6: The most UL synchronization delay is caused by random access. 
Observation 7: If random access can be avoided, UL synchronization delay can be minimized.

Proposal 4: RAN2 support RACH-less access to the target during the mobility whenever it is possible.
In current mobility procedure, one of the most important motivations of random access is to obtain the timing advance (TA) of the target cell. Without random access, alternative solution to obtain target TA and achieve UL synchronization should be developed. Under feMob WID there is RAN1 led sub-objective: “Timing Advance management”. RAN1 support is required for target TA determination without need of RACH.
Proposal 5: RAN2 sends an LS to RAN1 asking for support of early target cell DL synchronization and mobility RACH-less target cell access.
3 Conclusions
Based on the above discussion, we have the following observations and proposals:
Observation 1: The handover delay including measurement delay and service interruption, which determines mobility performance, should be minimized.
Observation 2: DL and UL synchronizations are major contributors of the intercell mobility latency and service interruption.
Observation 3: Mobility latency reduction is essential to reduce the service interruption, to improve the throughput during mobility and to overcome ping-ponging.
Proposal 1: For Rel-18 feMob, RAN2 can focus on latency reduction of the major delay contributors: DL synchronization and UL synchronization.
Observation 4: It is possible that the UE performs DL timing information acquiring and tracking at the L1 measurement phase before cell switching command issued. 
Observation 5: Early DL timing information acquisition for the qualified candidate cell(s) can largely reduce the DL synchronization delay impact to the service interruption. 
Proposal 2: Support UE acquiring and tracking candidate’s timing information including RSTD and MIB at the L1 measurement phase before cell switch command is received.

Proposal 3: Upon receiving the cell switching command, the UE applies the stored most recent RSTD and MIB to achieve the DL synchronization of the target cell.

Observation 6: The most UL synchronization delay is caused by random access. 
Observation 7: If random access can be avoided, UL synchronization delay can be minimized.

Proposal 4: RAN2 support RACH-less access to the target during the mobility whenever it is possible.
Proposal 5: RAN2 sends an LS to RAN1 asking for support of early target cell DL synchronization and mobility RACH-less target cell access.
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