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1. Introduction
According to the WID of Further NR mobility enhancements [1], one of the objectives is L1/L2 based inter-cell mobility to reduce the mobility latency as below:

	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 contribution, we analyse the overall latency of legacy L3 handover procedure to identify which step can be enhanced by L1/L2 based mobility, and propose the potential enhancements for latency reduction.
2. Discussion
2.1. Basic model for legacy L3 mobility
Serving cell change (Handover, HO) may happen when UE moves around, and current L3 HO are controlled by the network which includes the HO preparation, HO execution, and HO completion. The detailed handover model is shown in Figure 1 as below.
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Figure 1: L3 handover model

Figure1 illustrates the detailed L3 handover procedure as follows:

1. Before HO preparation, the network could configure UE to perform L3 measurement and corresponding measurement report, and the UE performs measurement and report based on the configuration.

2. [Based on the UE measurement report], the network could make the decision for HO. When the network decides to perform HO, it requests the target cell to prepare, including creating UE context and setting up SRBs and DRBs.

3. After handover preparation, the network triggers HO by sending the HO command to the UE, including the RRC configuration for the target cell. 

4. After receiving HO command, the UE decodes and processes the received HO command.

5. After that, the UE performs DL synchronization to the target cell:

· If the cell is unknown (it has not met the relevant cell identification requirements during the last 5s), the UE will perform cell search on this cell and then processes the SSB of the target cell; if the cell is known, the UE acquires and processes the corresponding SSB. 

· Meanwhile, the UE performs L2 process, including MAC reset, re-establishment of RLC, refresh of security and re-establishment of PDCP or PDCP data recovery (for AM DRB or AM MRB).

6. Then, the UE performs UL synchronization to the target cell. If UE performs UL synchronization via RACH, UE sends the preamble on the first available PRACH occasion in the target cell. After RACH toward the target cell is completed successfully, the HO procedure is completed.

7. After accessing the target cell, the UE needs to perform fine time tracking to acquire accurate timing information and perform CSI measurement to improve the data transmission performance.

After this procedure, the UE could perform normal data transmission/reception. In general, the interruption of handover is completed after HO completion phase. However, before TRS tracking, there is only default QCL associated with default SSB. UE cannot perform data transmission/reception well. Thus, we think it is reasonable to take this step into consideration for HO latency optimization. 
Table 1 below provides the detailed latency for L3 based HO based on the above modeling:

Table1: Latency of L3 based HO
	step
	Involved Procedure 
	Latency

	1
	UE performs measurement and corresponding report. This step will not impact the interruption, as it is before HO
	In TS38.133 Section 9.2.5/9.2.6/9.3.4

Related to SSB and CSI-RS periodicity

	2
	HO decision at network, and handover preparation
	Up to network implementation

	3
	Network sends HO command to UE
	Up to network implementation

	4
	UE decodes and processes HO command: TRRC_delay + Tprocessing
	TRRC_delay = 10ms in TS 38.331
Tprocessing = 20ms for same FR
Tprocessing = 40ms for different FRs

	5
	5-1: UE performs DL synchronization to target cell: Tsearch +Tmargin

5-2: L2 process: TL2-Process
	Tsearch: 

0ms if known cell.

Otherwise:

FR1-FR1 intra-freq. HO: Trs
FR1-FR1 inter-freq. HO: 3*Trs
FR1-FR2 HO: 8*3*Trs
FR2-FR2 intra-freq. HO: 8*Trs
FR2-FR2 inter-freq. HO: 8*3*Trs
FR2-FR1 HO: 3*Trs
Tmargin = 2ms

Trs = [20ms], up to NW configuration

TL2-Process= 0 ms

	6
	UE performs UL synchronization to target cell:
· UE send the msg1/a: TIU
· Other RACH procedure: Tother
	TIU = 10+TSSB_to_PRACH, TSSB_to_PRACH is the SSB to PRACH occasion association period defined in the table 8.1-1 of TS 38.213, can be {10, 20, 40, 80, 160} ms

Tother ~ 4 ms for CFRA and 11ms for CBRA;

T304 could be up to be 10s 



	7
	UE performs TRS tracking and CSI measurement and report: T∆ 


	~20ms (up to network configuration)  


It could be observed that the HO latency may need at least 56ms, and could be up to several seconds, which is a long latency and expected to be reduced. Besides, as mentioned above, the latency for TRS tracking and CSI measurement / report before normal data tx/rx could also be taken into consideration for L1/L2 HO.
Based on the latency model summarized above, we think RAN2 could consider further enhancements on latency reduction including below steps.

Observation 1: Current L3 HO procedure including below steps could be enhanced:

· Decoding and processing RRC reconfiguration signalling

· DL synchronization to target cell

· UL synchronization to target cell

· TRS tracking and CSI measurement/reporting

2.2. Latency enhancement for L1/L2 mobility
In order to reduce the latency of L3 HO above, L1/L2 based HO could be considered with the following enhancements based on the latency model above.

Regarding the step 4, i.e. UE decodes and processes RRC signalling, with L1/L2 signalling for HO rather than the L3 RRC signalling, the latency for step 4 could be reduced, because the decoding and processing of L1/L2 signalling is much faster than RRC signalling. 
Besides, since the serving cell is changed in L1/L2 HO, the necessary RRC configuration, including the common and dedicated serving cell configuration, e.g. configuration for PUCCH/ PUSCH/ PDCCH/ PDCH, the C-RNTI, RACH configuration, target gNB security algorithm associated information, etc. of the target cell, needs to be transmitted to UE. If all these RRC configuration is transmitted during HO execution, the latency of decoding and processing the RRC message cannot be reduced. Thus, the mechanism of pre-configuration for candidate cells could be applied to L1/L2 HO, in which UE could decode and process the configurations of candidate cells before HO is triggered and apply the configurations of the target cell directly upon the reception of L1/L2 handover command.

Regarding the step 5, i.e. DL synchronization, in legacy L3 HO, UE needs to monitor SSB of target cell after handover command is received, which may bring large latency especially when the target cell is unknown. However, for L1/L2 HO, L1 measurement may require accurate time information, hence the DL synchronization could be performed during or before L1 measurement. In this way, the latency for DL synchronization could be reduced by L1/L2 HO.

Regarding the step 6, i.e. UL synchronization, RACH is performed in this step normally. To reduce the latency for this step, there would be two potential approaches: skipping the RACH procedure and perform RACH earlier. In order to skip the RACH procedure, UE needs to acquire the TA of the candidate cells e.g. via uplink reference signal during or before L1/L2 HO. In this approach, the L1 measurement could be performed at gNB by UL RS sent from UE. Then, the TA of the candidate cell could be acquired simultaneously during the L1 measurement phase. For early RACH, UE could perform RACH to target cell before L1/L2 HO is initiated, which could be triggered by network or UE. In this way, the latency for UL synchronization could enhanced.
Regarding the step 7, i.e. TRS tracking and CSI measurement/reporting, instead of performing data transmission/ reception based on rough time and channel estimate information acquired by default SSB, UE usually starts data transmission/ reception after getting fine time tracking, ACG adjustment, and CSI information measurement and report based on dedicated RS to achieve better performance. Hence, step 7 will bring extra latency/performance degradation. This step could be also performed before L1/L2 HO initiation or during L1/L2 HO. In this way, UE would have better performance after L1/L2 HO completion. 
More detailed solutions for all these steps enhancements are provided in our contribution [2]. We could further discuss it step by step. 
Proposal 1: The following steps are expected to be enhanced to reduce the latency / data interruption with L1/L2 HO:

· Decoding and processing of RRC reconfigWithSync message, e.g. L1/L2 signalling based HO command, and the RRC configuration of candidate cells could be pre-configured before HO.
· DL synchronization to the target cell, e.g. before or during L1/L2 HO
· UL synchronization to the target cell, e.g. RACH-less or early RACH 

· TRS tracking and CSI measurement, e.g. before or during L1/L2 HO
For all these 4 steps, there are several issues need RAN1’s involvement, e.g. L1 measurement, L1/L2 HO command, TA maintenance of the target cell, TRS tracking and CSI measurement. It is better to inform RAN1 once we have conclusion on the latency enhancement for L1/L2 HO. 
Proposal 2: Send an LS to inform RAN1 that the above steps are expected to be enhanced to reduce the latency / data interruption with L1/L2 HO. 
2.3. Scenarios for L1/L2 HO 

According to the WID [1], the L1/L2 HO mechanism is applicable to various cases, including the SA, CA and NR-DC cases, both intra-DU and intra-CU inter-DU cases, both intra-frequency and inter-frequency cases, and both FR1 and FR2 cases.  

	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 Rel-17, ICBM was discussed and specified. It is simpler to use Rel-17 ICBM framework as the starting point. 

Regarding different scenarios, we could start from the simple case, e.g. intra-frequency and intra-DU. But we think a common design should be targeted to be applicable for all scenarios, including intra-DU/inter-DU and intra-frequency/inter-frequency. Some enhancements or delta design for different cases could be considered during the design. 
At least from RAN2 perspective, there is no strong motivation to deprioritize any scenario or case. It is up to RAN4 to discuss whether deprioritize any inter-/intra-frequency case or FR1/FR2 cases, and it is up to RAN3 to discuss whether deprioritize any inter-/intra-DU case. 
Proposal 3: RAN2 should target a common design applied to all scenarios (i.e. both intra-DU and intra-CU inter-DU cases, both intra-frequency and inter-frequency cases, and both FR1 and FR2 cases).

3. Conclusion

In this contribution, we discuss the latency model for network controlled handover, and the potential enhancement based on L1/L2 HO. Based on the discussion, we have the following observation and proposals:
Observation 1: Current L3 HO procedure including below steps could be enhanced:

· Decoding and processing RRC reconfiguration signalling

· DL synchronization to target cell

· UL synchronization to target cell

· TRS tracking and CSI measurement/reporting
Proposal 1: The following steps are expected to be enhanced to reduce the latency / data interruption with L1/L2 HO:

· Decoding and processing of RRC reconfigWithSync message, e.g. L1/L2 signalling based HO command, and the RRC configuration of candidate cells could be pre-configured before HO.
· DL synchronization to the target cell, e.g. before or during L1/L2 HO
· UL synchronization to the target cell, e.g. RACH-less or early RACH 

· TRS tracking and CSI measurement, e.g. before or during L1/L2 HO
Proposal 2: Send an LS to inform RAN1 that the above steps are expected to be enhanced to reduce the latency / data interruption with L1/L2 HO.
Proposal 3: RAN2 should target a common design applied to all scenarios (i.e. both intra-DU and intra-CU inter-DU cases, both intra-frequency and inter-frequency cases, and both FR1 and FR2 cases).
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