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1. Introduction 
For Rel-18 further NR mobility enhancements, the following agreement was made in RAN2#119 for L1/L2 mobility interruption time:
	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).



And there was also one agreement regarding continued L2 during handover as the starting point:
	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.



Furthermore, some further collection of companies views on L1/L2 mobility latency model had been done in post-meeting offline discussion [1]. In this paper, we further discuss the end point of the L1/L2 mobility latency model and the detail of continued L2.
2. Discussion 
2.1 End point of the L1/L2 mobility latency model

In the RAN2 assumption, the handover interruption time of L1/L2-based inter-cell mobility is the time when UE performs the first DL/UL reception/transmission on the indicated beam of the target cell. But this definition is still not crystal clear, e.g., does it refer to the MSG3 if RACH is performed, or does it refer to the first user plane data exchange after RACH, or how to interpret which is the indicated beam (e.g., CSI-RS beam, or SSB beam used for preamble, or SSB beam indicated by TCI-state). Considering the definition of handover interruption time developed in R16 mobility WI, i.e., “Mobility interruption time: the shortest time duration supported by the system during which a user terminal is not able to exchange user plane packets with any base station during transitions”, the end point should be defined from control plane perspective, which should be with a control plane message that means a UE is “able to exchange user plane packets” with the base station again.
Since the starting point is “the time from UE receives the cell switch command”, the corresponding end point should be the time when UE sends the cell switch success indication to target cell. 
Proposal 1: the end point of the L1/L2 mobility interruption time is the time when UE sends the cell switch success indication to target cell.
Regarding whether “the time to use a high-performance beam” is included in handover interruption time, the initial discussion was done in a post-meeting offline discussion [1]. Based on companies’ feedback, the suggested proposal is “Proposal 2:	We assume that TRS tracking and CSI-RS measurement are already included in the fine-tracking and measurement components, respectively, in current HO interruption model”. But we don’t think this assumption is valid, the main concern is that the TRS or CSI-RS that a UE is supposed to measure may not be available before UE transmits preamble, as the gNB doesn’t know which beam should be used for this CSI-RS or TRS if the target cell was not a SCell. Only after target cell receives the preamble, it will know appropriate beams to use for the UE. So we think it is difficult to assume TRS for time/frequency synchronization or CSI-RS measurement for beam management can be done prior to Preamble transmission.
In our view, except for the SSB beam used for RACH preamble transmission in current serving cell, other beams (e.g., CSI-RS beam in serving cell, or neighbour cell SSB beam indicated by TCI-state with additional PCI) can be considered as high-performance beam. Then if we consider to apply the high performance beam, i.e., CSI-RS beam after TRS synchronization, a separate delay after RACH procedure (if RACH is used) should be considered.
Proposal 2: TRS tracking after handover and CSI RS measurement after handover (in order to enable high performance beam) should also be included as part of latency of L1/L2 based mobility.
Based on the initial latency model [1] and the updates according to P1/P2, the revised latency model is illustrated in Figure 1. The two major revisions are:
1. The interruption time includes Tack which is for transmission of Cell switch success indication.
2. The whole latency also includes Tbeam which is for TRS tracking and CSI-RS measurements after RACH in order to apply high performance beam for data exchange
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Figure 1 revised latency model of L1/L2 based mobility

Proposal 3: the end point of the L1/L2 mobility latency model is the time to use a high-performance beam for user plane data exchange.
2.2 Continued L2
Next sub-sections analyse the continued L2 in the L1/L2 based handover for (1) intra-freq-intra-DU case, (2) intra-freq-intra-DU case with unified TCI framework and (3) inter-freq-intra-CU-inter-DU case. For each case, it is provided a latency analysis in a table with a corresponding diagram that highlight which steps of the handover procedure could be skipped or not. During this analysis, for each step of the handover, the expected operation is also explained, as well as any corresponding benefits that could contribute to reduce the associated latency.
2.2.1 Intra-freq-intra-DU handover case without unified TCI framework
According to the discussion in RAN2#119, RAN2 focuses first on intra-freq-intra-DU case. The latency analysis of L1/L2 based handover in this case is shown in Table 1 below:
Table 1 latency analysis of L1/L2 based handover in intra-freq-intra-DU case
	
	Expected operation
	Remarks

	RRC signalling processing
	N/A, as there is only L1/L2 signalling for decoding
	The handover is triggered by L1/L2 signalling. And the configuration of candidate cells has been provided to UE in advance, and it’s likely that the UE has decoded the corresponding configuration before it receives the L1/L2 signalling.

	Layer 2/3 reconfiguration
	Full MAC reset or partial MAC reset (for features related to PHY measurements on target cell) is needed
	In intra-DU case, PDCP, RLC and MAC reconfiguration can remain. PDCP re-establishment/recovery, and RLC re-establishment are not needed.

	RF retuning
	No RF retuning is expected.
	No RF retuning is expected since the carrier frequency is not changed.

	baseband retuning
	UE needs to apply target cell PCI and new C-RNTI for RS sequence generation and scrambling sequence generation.
Beam paring and refinement are also needed.
	Same as legacy handover

	[bookmark: _Hlk111038085]Security related operation
	No need to update security related information as CU does not change.
	Security related operation is skipped.

	DL synchronization
	No latency is foreseen. If the UE has measured on target cell recently, the DL synchronization can be maintained.
	Same as legacy handover

	RACH towards target cell
	Same as legacy handover
	Same as legacy handover



Based on the analysis above, the handover procedure in case of intra-freq-intra-DU is illustrated in Figure 2, where yellow colour means the step can be skipped (i.e., L2 is continued) and green colour means the step is needed. And partial MAC reset may be needed as part of Layer 2/3 reconfiguration, as the high layer related MAC reset operations could be avoided (e.g., logic channel Bj values can be maintained).



Figure 2 L1/L2 based handover procedure in case of intra-freq-intra-DU

2.2.2 Intra-freq-intra-DU handover case with the premise that a unified TCI state associated to the target cell has been used by UE
In intra-freq intra-DU case, when a unified TCI state associated to the target cell has been used by UE, the latency analysis of L1/L2 based handover in this case is shown in Table 2 below. The usage of unified TCI framework means the serving cell TA value can also be used as target cell TA. So the RACH procedure towards target cell can be skipped. Also as it’s quite likely the TCI state is known for UE, the latency of baseband retuning can be shorter.
Table 2 latency analysis of L1/L2 based handover in intra-freq-intra-DU case with unified TCI framework
	
	Expected operation
	Remarks

	RRC signalling processing
	N/A, as there is only L1/L2 signalling for decoding
	The handover is triggered by L1/L2 signalling. And the configuration of candidate cells has been provided to UE in advance, and it’s likely that the UE has decoded the corresponding configuration before it receives the L1/L2 signalling.

	Layer 2/3 reconfiguration
	No latency, as layer 2/3 reconfiguration can remain.
	In intra-DU case, PDCP, RLC and MAC reconfiguration can remain. PDCP re-establishment/recovery, RLC re-establishment and MAC reset are not needed.

	RF retuning
	No RF retuning is expected.
	No RF retuning is expected since the carrier frequency is not changed.

	baseband retuning
	UE needs to apply target cell PCI and new C-RNTI for RS sequence generation and scrambling sequence generation.

	Beam paring and refinement are not needed.

	Security related operation
	No need to update security related information as CU does not change.
	Security related operation is skipped.

	DL synchronization
	No latency is foreseen. If the UE has measured on target cell recently, the DL synchronization can be maintained.
	If the TCI state associated to target cell is activated for UE, the latency of beam refinement can also be saved.

	RACH towards target cell
	No RACH is needed.
	Source cell TA can be reused as it is common for all activated TCI-states.



The handover procedure in case of intra-freq-intra-DU with the unified TCI framework enabled is illustrated in Figure 3. The only left step is baseband retuning, and all other steps can be skipped (i.e., all L2 is continued), which leads to the least handover latency.


Figure 3 L1/L2 based handover procedure in case of intra-freq-intra-DU and a unified TCI state associated to the target cell has been used by UE

2.2.3 Inter-freq-intra-CU-inter-DU handover case

For inter-freq intra-CU inter-DU case, compared to intra-freq intra-DU case, RLC reconfiguration and reestablishment, MAC reconfiguration and reset, RF retuning are needed. The latency analysis of L1/L2 based handover in this case is shown in Table 3 below:
[bookmark: _Hlk110934310]Table 3 latency analysis of L1/L2 based handover in inter-freq-intra-CU-inter-DU case
	
	Expected operation
	Remarks

	RRC signalling processing
	N/A, as there is only L1/L2 signalling for decoding
	The handover is triggered by L1/L2 signalling. And the configuration of candidate cells has been provided to UE in advance, and it’s likely that the UE has decoded the corresponding configuration before it receives the L1/L2 signalling.

	Layer 2/3 reconfiguration
	RLC and MAC reconfiguration are possible.
PDCP recovery is needed for AM bears when RLC re-establishment is performed due to the change of DU. RLC re-establishment and MAC reset are needed.
	In intra-CU case, PDCP reconfiguration is not needed. PDCP re-establishment is not needed.

	RF retuning
	RF retuning is expected.
	Same as legacy handover

	baseband retuning
	UE needs to apply target cell PCI and new C-RNTI for RS sequence generation and scrambling sequence generation.
Beam paring and refinement are also needed.
	Same as legacy handover

	Security related operation
	No need to update security related information as CU does not change.
	Security related operation is skipped.

	DL synchronization
	No latency is foreseen. If the UE has measured on target cell recently, the DL synchronization can be maintained.
	Same as legacy handover

	RACH towards target cell
	Same as legacy handover
	Same as legacy handover



The handover procedure in case of inter-freq-intra-CU-inter-DU is illustrated in Figure 4.


[bookmark: _Hlk110345504]Figure 4 L1/L2 based handover procedure in case of inter-freq-intra-CU-inter-DU

Based on the analysis above, we have the following observations for continued L2:
Observation 1: in intra-CU handover case, PDCP configuration including security algorithm and security key can be unchanged, and hence, PDCP re-establishment is not needed.
Observation 2: in intra-CU inter-DU handover case, it may be necessary to reconfigure RLC and MAC entities due to different DU entities, and hence, RLC re-establishment and MAC reset are needed.
Observation 3: in intra-DU handover case, RLC and MAC configurations can remain, and hence, RLC re-establishment is not needed. Partial MAC reset (for features related to PHY measurements on target cell) may be still needed.
Observation 4: in intra-DU handover case and when ICBM is enabled, PDCP, RLC and MAC reconfiguration can remain. PDCP re-establishment/recovery, RLC re-establishment and MAC reset are not needed.
And we propose:
Proposal 4: RAN2 to confirm the following understanding on continued L2:
1. in intra-CU handover case, PDCP configuration including security algorithm and security key can be unchanged, and hence, PDCP re-establishment is not needed.
2. in intra-CU inter-DU handover case,  it may be necessary to reconfigure RLC and MAC entities due to different DU entities, and hence, RLC re-establishment and MAC reset are needed.
3. in intra-DU handover case, RLC and MAC configurations can remain, and hence, RLC re-establishment is not needed. Partial MAC reset (for features related to PHY measurements on target cell) may be still needed.
4. in intra-DU handover case and when ICBM is enabled, PDCP, RLC and MAC reconfiguration can remain. PDCP re-establishment/recovery, RLC re-establishment and MAC reset are not needed.

3. Conclusion
In this paper, we discuss the latency model of L1/L2 based handover, and we have the following observations:
Observation 1: in intra-CU handover case, PDCP configuration including security algorithm and security key can be unchanged, and hence, PDCP re-establishment is not needed.
Observation 2: in intra-CU inter-DU handover case, it may be necessary to reconfigure RLC and MAC entities due to different DU entities, and hence, RLC re-establishment and MAC reset are needed.
Observation 3: in intra-DU handover case, RLC and MAC configurations can remain, and hence, RLC re-establishment is not needed. Partial MAC reset (for features related to PHY measurements on target cell) may be still needed.
Observation 4: in intra-DU handover case and when ICBM is enabled, PDCP, RLC and MAC reconfiguration can remain. PDCP re-establishment/recovery, RLC re-establishment and MAC reset are not needed.
And we propose:
Proposal 1: the end point of the L1/L2 mobility interruption time is the time when UE sends the cell switch success indication to target cell.
Proposal 2: TRS tracking after handover and CSI RS measurement after handover (in order to enable high performance beam) should also be included as part of latency of L1/L2 based mobility. 
Proposal 3: the end point of the L1/L2 mobility latency model is the time to use a high-performance beam for user plane data exchange.
Proposal 4: RAN2 to confirm the following understanding on continued L2:
1. in intra-CU handover case, PDCP configuration including security algorithm and security key can be unchanged, and hence, PDCP re-establishment is not needed.
2. in intra-CU inter-DU handover case,  it may be necessary to reconfigure RLC and MAC entities due to different DU entities, and hence, RLC re-establishment and MAC reset are needed.
3. in intra-DU handover case, RLC and MAC configurations can remain, and hence, RLC re-establishment is not needed. Partial MAC reset (for features related to PHY measurements on target cell) may be still needed.
4. in intra-DU handover case and when ICBM is enabled, PDCP, RLC and MAC reconfiguration can remain. PDCP re-establishment/recovery, RLC re-establishment and MAC reset are not needed.
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