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1 Introduction
Rel-18 mobility enhancement WID has been approved in RAN plenary [1]. The first objective is L1/L2 mobility. The following are the more detailed sub-objectives of L1/L2 mobility:
1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
· Configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells [RAN2, RAN3]

· Dynamic switch mechanism among candidate serving cells (including SpCell and SCell) for the potential applicable scenarios based on L1/L2 signalling [RAN2, RAN1]

· L1 enhancements for inter-cell beam management, including L1 measurement and reporting, and beam indication [RAN1, RAN2]

· Note 1: Early RAN2 involvement is necessary, including the possibility of further clarifying the interaction between this bullet with the previous bullet

· Timing Advance management [RAN1, RAN2]

· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]
Note 2: FR2 specific enhancements are not precluded, if any.

Note 3: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:

· Standalone, CA and NR-DC case with serving cell change within one CG

· Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)

· Both intra-frequency and inter-frequency

· Both FR1 and FR2

· Source and target cells may be synchronized or non-synchronized

In this Tdoc, a comparison between intra-DU and inter-DU mobility is provided. A delay analysis on an inter-DU handover is conducted. Detailed requirements and metrics for this sub-objective are also discussed.
2 Discussion
2.1 Intra-DU vs inter-DU mobility
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Figure 1: Scenarios of an intra-DU TRP switch and an inter-DU TRP switch

Figure 1 illustrates a comparison of intra-DU mobility versus inter-DU mobility with a scenario of an intra-cell cross-TRP switch versus an inter-cell cross-TRP switch when a HO from DU1/cell A to DU2/cell B occurs. The intra-DU/cell cross-TRP switch involves beam management without triggering a HO. TA management may be involved for intra-DU TRP switch. It is clear that intra-DU mobility is mainly handled by L1 mechanism. An inter-cell TRP switch is a result of an inter-cell HO which introduces much more delay than beam management. Therefore, an intra-DU TRP switch has much less delay and less impact on UE data throughput than an inter-DU/intercell TRP switch. From the delay and service interruption perspective, inter-DU HO is of bigger concern and RAN2 should be more focused on inter-DU mobility issues. It is desirable to minimize the HO delay such that service interruption can be minimized and the on-going data throughput during the HO can be maximized. Our goal for mobility enhancement is to achieve that a UE experiences during a TRP switch of intercell HO is the same as or comparable to the intra-cell TRP switch which does not involve a HO.
Observation 1: An intra-DU/cell mobility introduces much less delay and impact to the UE data throughput than an inter-DU/cell mobility.
Observation 2: It is desirable to minimize the user experience difference between intra-DU mobility and inter-DU mobility.

Proposal 1: RAN2 would spend sufficient time and efforts on inter-DU mobility in Rel-18.

2.2 Delay analysis on an inter-DU handover
Figure 2 shows a normal HO procedure in an intra-CU inter-DU scenario, which includes 3 phases: HO preparation, HO execution and HO completion. Since HO preparation process is in parallel with the date transmission between the UE and the Source-DU, and HO completion process is also in parallel with the data transmission between the UE and the target-DU, both HO preparation and HO completion are not on the delay critical path of a HO. They do not have impact on the service interruption during a HO. Only the HO execution is on the time critical path of a HO and has impact to the service interruption. Therefore, we should be focused on the delay of each step in the HO execution phase. Table 1 illustrates the delay introduced by each step in HO execution phase based on [2][3][4].
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Figure 2: Major steps in an intra-CU inter-DU HO procedure 
Table 1 the latency during conventional handover execution 
	Component/ Step
	Description
	Time (ms)

	4
	RRC Connection Reconfiguration Incl. mobilityControlInfo
	16

	4.1
	SN Status Transfer
	0

	5.1
	Target cell search
	0

	5.2
	UE processing time for RF/baseband re-tuning, security update
	20

	5.3
	Delay to acquire first available PRACH in target gNB
	5

	5.4
	PRACH preamble transmission
	1

	        5.5
	UL Allocation + TA for UE
	3/5

	5.6
	Time for SSB post-processing
	2

	5.7
	Time for fine time tracking and acquiring full timing information of the target cell
	5

	6
	UE sends RRC Connection Reconfiguration Complete
	6

	
	Typical Total delay [ms] 
	58/60


Per [3][4], at the step 4, the UE shall be ready to perform PRACH transmission within 16 ms from the end of the last TTI of the RRC HO command. The step 4.1 is in parallel with step 5, we consider its delay impact to the time critical path is 0ms. Here the target cell is known and the search time is considered 0. Step 5.2 in Table 1 is UE processing time mainly due to security update. The delay due to steps 5.3 ~ 5.5 is contributed by random access. Per [4] a typical average case is that the step 5.3 takes 5ms. From Table 1, the total HO delay is mainly contributed from the upper layer signalling exchanges using RRC (steps 4, 5.2 and 6 ( 42ms), and random access (steps 5.3 ~5.5 ( 11ms). 
Observation 3: In conventional HO, upper layer signalling exchange/RRC configuration, and random access are major contributors of HO delay.
Based on the above delay analysis for normal HO, RAN2 could work on delay reduction on RRC configuration and random access which contribute most part of HO delay.
Proposal 2: RAN2 consider to work on avoiding the delay caused by RRC configuration and random access during the HO.
2.3 The goals for R18 mobility enhancement
HO delay is a basic metric for improving the mobility performance. For delay sensitive and high data rate applications, 0ms interruption mobility is desirable. In addition, maintaining high data throughput during the mobility at the cell border areas would also be a goal for R18 mobility enhancement. Under the R18 of intra-CU scope, we would like to achieve that a UE experiences during a TRP switch of intercell HO is comparable to the intra-cell TRP switch which does not involve a HO.
3 Conclusions
Based on the above discussion, we have the following observations and proposals:
Observation 1: An intra-DU/cell mobility introduces much less delay and impact to the UE data throughput than an inter-DU/cell mobility.

Observation 2: It is desirable to minimize the user experience difference between intra-DU mobility and inter-DU mobility.

 Proposal 1: RAN2 would spend sufficient time and efforts on inter-DU mobility in Rel-18.
Observation 3: In conventional HO, upper layer signalling exchange/RRC configuration, and random access are major contributors of HO delay.

Proposal 2: RAN2 consider to work on avoiding the delay caused by RRC configuration and random access during the HO.
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