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1 Introduction
[bookmark: OLE_LINK6]In RAN#96e meeting, the work item [1] on study on on further NR mobility enhancements was approved as one of Rel-18 RAN4 package. During last RAN4 meeting, we have lot reached lots of consensus on L1/L2 inter-cell mobility delay requirements in [2] for inter-cell mobility. In this contribution, we want to share further considerations on these issues. 
2 Discussion
Issue 1-3-1: L1/L2 cell switch delay 
	·  Option 1 (Xiaomi, Intel): The timeline 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.
·  Option 2 (Apple): 
· For RACH-less case (if supported), it is defined as the time UE receives the cell switch command to UE performs the first DL/UL reception/transmission on the indicated beam of the target cell.
· For RACH-based case (if supported), it is defined as the time UE receives the cell switch command to UE starts transmission of the new uplink PRACH channel to the target cell.
·  Option 3 (CMCC): taking RAN2 agreements on HO interruption time for L1/L2-based inter-cell mobility into account, and discuss following issues 
· For the RAN2 agreements that end point of HO interruption is when UE performs the first UL transmission on the indicated beam of the target cell, it is proposed to further discuss whether first UL transmission refer to PRACH transmission or UL data? If it refers to UL data, how to reflect this in RAN4 HO interruption requirements
· For the RAN2 agreements that end point of HO interruption is when UE performs the first DL reception on the indicated beam of the target cell, it is proposed to further discuss how to reflect this in RAN4 HO interruption requirements
·  Option 4 (Huawei, MTK): For RACH-based case, the start point is UE receiving the cell switch command, the end point is UE transmitting PRACH to the target cell.
·  Option 5 (QC, Intel, Ericsson, vivo, OPPO, Nokia, CTC): wait for RAN2 progress. 


In last RAN4 meeting, companies have made some discussions on L1/L2 switch cell delay time and have some different views on it. In this paper, we would like to share some comments on this. In our understanding, HO interruption time is defined the time between the end of the last TTI containing the RRC command on the old PDSCH and the time UE starts transmission of the new PRACH, excluding the RRC procedure delay in RAN4 perspective as shown in Eq(1). And from RAN2 perspective as shown in Figure 1, the definition of HO interruption time is different from RAN4 which UE performs the first DL/UL reception/transmission on the indicated beam of the target cell. From RAN4 and RAN2 definitions, it has a difference between HO interruption time. Based on our understanding, the reason for this difference is that RAN2 and RAN4 in this problem from different perspectives. The definition of interruption time is from the user plane in RAN2 which includes the time of UE and target cell to establish the whole random access and the time of first DL/UL reception/transmission and other time. Actually, UE has established contact with target cell and transmit information (e.g. Msg 2 and Msg 4). But in RAN4, interruption is defined as UE can not reception or transmission. Therefore, we prefer to use the RAN4 definition, the start point is UE receiving the cell switch command, the end point is UE transmitting PRACH to the target cell.
Proposal 1. Proposal to use the RAN4 definition, the start point is UE receiving the cell switch command, the end point is UE transmitting PRACH to the target cell.
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Figure 1. Components of mobility latency for L1/L2-based inter-cell mobility (from RAN2)

[bookmark: _Ref115422423]Table 1. RAN2 interruption time delay component
	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
	



 Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin ms							(1)

Table 2. RAN4 interruption time delay component
	Components
	Meaning

	Tcmd
	Time for processing L1/L2-command (HARQ and parsing)

	Tprocessing
	Time for UE processing. This may include L2/3 reconfiguration, RF retuning, baseband retuning, security update if needed, etc.

	Tsearch
	Time required to search the target cell

	TΔ
	Time for fine tracking and acquiring full timing information

	Tmargin
	Time for SSB or CSI-RS post-processing

	TIU
	interruption uncertainty in acquiring the first available PRACH occasion in the new cell



Issue 1-3-2: Components of L1/L2 inter-cell mobility delay
	·  Option 1 (Huawei, Intel, xiaomi): TCI state switching time is needed
·  Option 2 (Apple): L1/L2 inter-cell mobility execution time is needed.
·  Option 3 (MTK):
· FFS to add TCI state switching time in L1/L2 mobility delay
· Not add L1/L2 inter-cell mobility execution time in L1/L2 mobility delay
·  Option 4 (OPPO)
· FFS to add TCI state switching time in L1/L2 mobility delay
· FFS to add L1/L2 inter-cell mobility execution time in L1/L2 mobility delay
·  Option 5 (Nokia): Use “Tswitch-cmd processing” to replace “Tcmd and Tprocessing,2” 
·  Option 6 (QC, Intel, Ericsson, vivo, OPPO, Nokia): wait for RAN1/2 progress


[bookmark: OLE_LINK42][bookmark: OLE_LINK23][bookmark: OLE_LINK30][bookmark: OLE_LINK66]As specified in RP-221799, the goal of L1/L2 mobility enhancements is to enable a serving cell change via L1/L2 signalling, in order to reduce the latency, overhead and interruption time. In legacy RRM, handover delay is defined UE receives a RRC message implying handover the UE shall be ready to start the transmission of the new uplink PRACH channel within Dhandover msec from the end of the last TTI containing the RRC command. So handover delay includes two parts, one is RRC procedure delay and other part is interruption time. Firstly, we know the RRC procedure needs high layer information indication so that it has longer processing delay and larger signalling overhead. Interruption time is composed of components in Table 2. For L1/L2 mobility, legacy RRC signalling may can be replaced by MAC CE or DCI commands to trigger HO command. And for TCI state switching time, in our understanding, it still related to the definition of interruption time. TCI state can make sure UE performs the DL reception on indicated beam of the target cell. But from RAN4 definition is shown in Eq(1) and Table 2, we just consider Tsearch, TIU, Tprocessing, T∆ and Tmargin for interruption time. TCI state switching time is not require. Thus, we suggest companies should check the difference between RAN2 and RAN4, and then discuss the delay requirements in L1/L2 mobility.
Observation 1. TCI state switching time is not included in interruption from RAN4 definition.
Proposal 2. Reuse legacy mobility delay time for L1/L2 mobility.
Issue 1-3-3: Components of L1/L2 cell switch interruption Tinterruption
	·  Modified Option 1 (Huawei, CMCC, Apple): further discussion
·  Option 2 (QC, Ericsson): all the other components in L1/L2 inter-cell mobility delay except Tcmd.
·  Option 3 (MTK, CTC): Focus on the delay requirement at first. 
·  Option 4 (QC, Ericsson, Apple, vivo, Nokia): wait for RAN1/2 progress


For the components of L1/L2 cell switch interruption time Tinterruption, in our understanding, it is same as issue 1-3-2. Firstly, we need to clarify components of L1/L2 inter-cell mobility delay and then we can discussion the details of interruption time.
Proposal 3. Reuse legacy interruption time for L1/L2 cell switch interruption.
Issue 1-3-4: On each component 
	·  Option 1 (MTK): further consider the possibility of reducing Tprocessing,2, Tsearch and TΔ
·  Option 2 (Huawei): further analyze each component of L1/L2 inter-cell mobility delay: 
· Handover command processing delay: processing of L1 or L2 (MAC CE) is faster than RRC
· Tsearch=0
· FFS TCI state switching time
· FFS reduction on Tprocessing,2
· reuse legacy value for TIU for RACH-based L1/L2 mobility, FFS for RACH-less
·  Option 3 (Xiaomi): For L1/L2 based inter-cell mobility,
· the MAC/DCI decoding delay instead of RRC processing delay should be defined in HO delay requirement;
· the delay of cell search is not needed in HO delay requirement;
· the UE processing time can be reduced in HO delay requirement;
· fine timing tracking and RACH uncertainty delay need to be considered in HO delay requirement
·  Option 4 (Nokia): 
· LLM (low layer mobility) cell switch interruption time should be minimized, and upper limit should be agreed not to exceed the existing L3 HO interruption time
· RAN4 is to review the delay components of the existing definition for L3 handover and discuss the adaptability of such definition in LLM
·  Option 5 (QC, Intel, Ericsson, Apple, vivo, OPPO): wait for RAN1/2 progress


For each component of L1/L2 inter-cell mobility delay, we want to discuss delay components from RAN4 perspective. From TS 38.133, the handover delay is defined as the sum of RRC procedure delay and interruption time. As mentioned earlier, the longer delay time of RRC procedure can be replaced by MAC CE or DCI. Also need more discuss. For interruption time, as shown in Eq(1), Tsearch is the time required to search the target cell, if target cell is know to UE, thus Tsearch =0. Tprccessing is time for UE processing which can be reduced in L1/L2 mobility delay. T∆ is time for fine time tracking and acquiring full timing information of the target cell and T∆ = Trs which Trs is the SMTC periodicity of the target NR cell. And now T∆ should be same as SSB periodicity. And for TIU and Tmargin, we can reuse legacy value of mobility in TS 38.133. 
Proposal 4.  For L1/L2 mobility delay
· the longer delay time of RRC procedure can be replaced by MAC CE or DCI
· if target cell is known to UE, thus Tsearch =0
· Tprccessing can be reduced in L1/L2 mobility
· T∆ can be same as SSB periodicity, not SMTC periodicity anymore.
· TIU and Tmargin can reuse legacy value of mobility in TS 38.133
3 Conclusion
In this contribution, we give some initial discussion on L1/L2 inter-cell mobility delay requirements mobility, The conclusions are:
Proposal 1. Proposal to use the RAN4 definition, the start point is UE receiving the cell switch command, the end point is UE transmitting PRACH to the target cell.
Observation 1. TCI state switching time is not included in interruption from RAN4 definition.
Proposal 2. Reuse legacy mobility delay time for L1/L2 mobility.
Proposal 3. Reuse legacy interruption time for L1/L2 cell switch interruption.
Proposal 4.  For L1/L2 mobility delay
· the longer delay time of RRC procedure can be replaced by MAC CE or DCI
· if target cell is known to UE, thus Tsearch =0
· Tprccessing can be reduced in L1/L2 mobility
· T∆ can be same as SSB periodicity, not SMTC periodicity anymore.
· TIU and Tmargin can reuse legacy value of mobility in TS 38.133
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