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1. Introduction
[bookmark: OLE_LINK110][bookmark: OLE_LINK111]In the last RAN4 meeting, WF [1] on further NR Mobility Enhancements RRM requirements was approved. In this contribution, some issues on improvement on L1/L2 based inter-cell mobility are further discussed.
2. Discussion
RRM requirements to specify
Issue 3-1-1: L1/L2 inter-cell mobility delay requirements
In the RAN4#104-e meeting, the following agreement has been reached for L1/L2 inter-cell mobility delay requirements [1]:
	< Agreement>:
Specify L1/L2 inter-cell mobility delay and analyze each component of L1/L2 inter-cell mobility delay.


Previously, because the discussion of RAN2 is still in progress, RAN4 has not yet discussed this issue in detail, but it has been determined that it is necessary to specify L1/L2 inter cell mobility delay, and analyzing each component of L1/L2 inter cell mobility delay needs to wait for the relevant conclusions of RAN2 [2].
In the RAN2 #119-e, RAN2 clarified the definition of HO interruption time for L1/L2-based inter-cell mobility [3].
· 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).
The components of mobility latency are clarified and analyzed, as shown in the Figure 1 below:
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Figure 1: Components of Mobility Latency
Each component of mobility latency is described in Table 1.
Table 1: Components of Mobility Latency
	Component
	Meaning
	Value

	TRRC
	Processing time for RRCReconfiguration carrying candidate configurations
	Up to [10] ms

	Tprocessing,1 /
Tprocessing,2
	Time for UE processing, before and after cell switch command, respectively. This may include L2/3 reconfiguration, RF retuning, baseband retuning, security update if needed, etc.
	Up to [20] ms for same FR
Up to [40] ms for different FR

	Tmeas
	Measurement delay (from target appears to cell switch command)
	-

	Tcmd
	Time for processing L1/L2-command (HARQ and parsing)
	Up to [5] ms

	Tsearch
	Time required to search the target cell
	0ms (if cell is known)
Up to [60] ms (if cell is unknown)

	TΔ
	Time for fine tracking and acquiring full timing information
	SMTC periodicity (typ. [20] ms)

	Tmargin
	Time for SSB or CSI-RS post-processing
	Up to [2] ms

	TIU
	interruption uncertainty in acquiring the first available PRACH occasion in the new cell
	Typ. [15] ms

	TRAR
	Time for RAR delay
	Typ. [4] ms

	Tfirst-data
	Time for UE performs the first DL/UL reception/ transmission on the indicated beam of the target cell, after RAR
	-


According the RAN2’s conclusion, to reduce HO interruption time, we can study solutions to reduce the time of UE reconfiguration, downlink and uplink synchronization after the handover decision. According to the Figure 1 above, 
Tinterrupt = Tcmd + Tprocessing,2 + Tsearch + TΔ + Tmargin + TIU + TRAR + Tfirst-data
The components that can be reduced involve Tcmd ,Tprocessing,2 , Tsearch , TΔ , Tmargin , TIU and TRAR. where Tcmd is the time for processing L1/L2 command (HARQ and parsing), which is different from L3 baseline handover of NR Rel-17. We believe that RAN4 can further consider the possibility of reducing Tprocessing,2, Tsearch and TΔ .
Observation 1: According the RAN2’s conclusion, to reduce HO interruption time, we can study solutions to reduce the time of UE reconfiguration, downlink and uplink synchronization after the handover decision.
Observation 2: The components that can be reduced involve Tcmd,Tprocessing,2, Tsearch, TΔ, Tmargin, TIU and TRAR. where Tcmd is the time for processing L1/L2 command (HARQ and parsing), which is different from L3 baseline handover of NR Rel-17.
Proposal 1: To reduce HO interruption time, RAN4 can further consider the possibility of reducing Tprocessing,2, Tsearch and TΔ.
[bookmark: OLE_LINK108][bookmark: OLE_LINK109]Scenarios
Issue 3-2-5: Whether to cover non-synchronous scenarios
In the last meeting, companies had different views on whether to cover non-synchronous scenarios. The Way forward during the last meeting is duplicated as below [1]:
	[bookmark: OLE_LINK4][bookmark: OLE_LINK5]<Way forward >:
· [bookmark: OLE_LINK16][bookmark: OLE_LINK17]Option 1: Not consider non-synchronous scenarios.
· Option 2 (Ericsson, Nokia): Consider non-synchronous scenarios.
· Option 3 (Ericsson, HW): FFS
· Option 3a (Apple, MTK, vivo): discuss the definition of synchronous and non-synchronous
· Option 3b (Apple, QC, vivo, Nokia): wait for RAN2’s progress


According to the discussion in the last meeting, we believe that the key to this issue is how to define synchronous and non-synchronous scenarios and whether the same scenario should be considered for L1/L2 mobility and L3 mobility [2]. Therefore, we are willing to further discuss the network synchronization assignment for this WI.
Because the definitions of L1-RSRP measurement and cell switch delay may be different, for L1-RSRP measurement, the understanding for synchronous/ non-synchronous is that the time offset between the serving cell and the adjacent cell under test is within/without CP. This is also a potential option of the network synchronization assumption. However, from the perspective of cell switching, another possible differentiation method is based on whether the UE needs to do RACH to obtain TA in the target cell, that is, whether the TA is the same between the source cell and target cell. In addition, it is also understood that whether some information is synchronized between the source cell and target cell in the interface.
Observation 3: The key to the issue is how to define synchronous and non-synchronous scenarios and whether the same scenario should be considered for L1/L2 mobility and L3 mobility.
Proposal 2: The following options could be studied for distinguishing network synchronization and non-synchronization:
· Whether the time offset between the serving cell and the adjacent cell under test is within CP?
· Whether the time offset between the serving cell and the adjacent cell under test is within MRTD/MTTD?
· Whether the UE needs to do RACH to obtain TA in the target cell?
· Whether some information is synchronized between the source cell and target cell in the interface?
3. Summary
[bookmark: OLE_LINK51]In this paper, we provide our views on L1/L2 based inter-cell mobility. From this discussion we have derived the following observations and proposals: 
Observation 1: According the RAN2’s conclusion, to reduce HO interruption time, we can study solutions to reduce the time of UE reconfiguration, downlink and uplink synchronization after the handover decision.
Observation 2: The components that can be reduced involve Tcmd,Tprocessing,2, Tsearch, TΔ, Tmargin, TIU and TRAR. where Tcmd is the time for processing L1/L2 command (HARQ and parsing), which is different from L3 baseline handover of NR Rel-17.
Proposal 1: To reduce HO interruption time, RAN4 can further consider the possibility of reducing Tprocessing,2, Tsearch and TΔ.
Observation 3: The key to the issue is how to define synchronous and non-synchronous scenarios and whether the same scenario should be considered for L1/L2 mobility and L3 mobility.
Proposal 2: The following options could be studied for distinguishing network synchronization and non-synchronization:
· Whether the time offset between the serving cell and the adjacent cell under test is within CP?
· Whether the time offset between the serving cell and the adjacent cell under test is within MRTD/MTTD?
· Whether the UE needs to do RACH to obtain TA in the target cell?
· Whether some information is synchronized between the source cell and target cell in the interface?
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