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Introduction
According to objective 5 of NR_Mob_enh2 WI, RAN4 should:
	5. To specify RRM core requirements for the following, as necessary [RAN4]:
· L1/L2-based inter-cell mobility
· Enhanced CHO configurations addressed by this WI




LS From RAN2 [1]: 
	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).
Confirm to Support L1/L2-based inter-cell mobility for inter-DU scenario (as well as intra-DU scenarios).  
The design for intra-DU and inter-DU L1/L2-based mobility should share as much commonality as reasonable. FFS which aspects need to be different.
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.
ICBM is one scenario considered for L1L2 mobility, but is not the only one, and is not a prerequisite for using L1L2 mobility.
RAN2 to consider preparation of target cell configurations capable of dynamic switching without need for full configuration.
Measurement delay can/may be considered in this work
Assume that we rely on L1 measurements to trigger L1L2 mobility (still measurement for preparation could be L3, FFS)
R2 will initially focus on PCell mobility. 
R2 assumption: Rel-18 L1/L2 mobility includes both non-CA (PCell only) and CA scenarios (PCell and SCell). This includes the following cases
a) the target PCell/target SCell(s) is not a current serving cell (CA  CA scenario with PCell change)
b) FFS the target PCell is a current SCell
c) FFS the target SCell is the current PCell.
DC scenarios are FFS (e.g. PSCell mobility may be a low hanging fruit FFS). 
Current options on the table: to configure a L1/L2 inter-cell mobility candidate cell:
a.	One RRCReconfiguration message for candidate target cell
b.	One CellGroupConfig IE for each candidate target cell
c.	One SpCellConfig IE for each candidate target cell
Will send an LS to RAN1 and RAN3 on the progress of this meeting. 



Discussion
In this contribution, we refer the “L1/L2-based inter-cell mobility” simply as Lower Layer Mobility, or LLM, as it is less ambiguous than “L1/L2-based inter-cell mobility”. Therefore, in this contribution LLM is used to describe L1/L2-based inter cell mobility interchangeably. 
L1/L2-based inter-cell mobility can be referred as Lower Layer Mobility or LLM 
Delay components of LLM interruption
Compared to Inter Cell Beam Management, LLM assumes the change of serving cell. It is a complete change of cell and can be described as serving cell change via lower layer L1/L2 signalling. RAN2 has agreed that the HO interruption time for LLM 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.  The timing diagram in Figure 1 which shows the components that contribute to the HO interruption for LLM is used in RAN2 as their delay analysis. 



[bookmark: _Ref115112846]Figure 1 RAN2 Timing diagram
The meaning of each component is illustrated in the Table 1: 
	Time association
	Description
	RAN2 discussed Value
	Expected value for RAN4 LLM

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

	Tprocessing_1/2
	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
	FFS

	Tmeas
	Measurement delay (from target appears to cell switch command)
	N/A
	FFS

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

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

	TΔ
	TΔ is time for fine time tracking and acquiring full timing information of the target cell. 
	SMTC periodicity (typ. [20] ms)
	FFS

	Tmargin
	Tmargin is the time for SSB post-processing and can be up to 2 ms.

	Up to [2] ms

	FFS

	TIU
	TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. In addition, there are the interruptions of sending PRACH preamble and receiving the RACH response (RAR).

	Typ. [15] ms
	FFS

	TRAR
	Time for RAR delay
	Typ. [4] ms
	FFS

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


[bookmark: _Ref115422423]Table 1: RAN2 interruption time delay component analysis
In RAN4, we have defined the interruption time for L3 handover in section 6.1.1 as the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH, excluding the RRC procedure delay. It is represented in the Equation 1: 

	
Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin ms
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The explanation of each component in the Equation 1 is illustrated in the Table 2: 
	Time association
	Description

	Tprocessing
	Tprocessing is the time for UE processing. 

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

	Tsearch
	Tsearch is the time required to search the target cell, depending on if the target cell is known/unknown

	TΔ
	TΔ is time for fine time tracking and acquiring full timing information of the target cell. 


	Tmargin
	Tmargin is the time for SSB post-processing and can be up to 2 ms.
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The service interruption time is defined differently between RAN2 and RAN4. The main difference is the ending point which marks the end of service interruption.
We expect that LLM will cover many different scenarios and deployments. Based on such assumption we also believe that in some scenarios the UE may be able to perform RACH-less LLM while in other scenarios RACH-based LLM will be needed.
LLM will need to support both, RACH, and RACH-less procedures
RAN4 is to review the delay components of the existing definition for L3 handover and discuss the adaptability of such definition in LLM. 
To distinguish from Cell Switch command in LLM from L3, we should call it LLM switch command 


  
Figure 2: Expected RAN4 scope, LLM delay values are for FFS
Exact time values displayed in the Table 2 for LLM are for FFS
To enable full benefit of LLM handover, we expect that a cell switch interrupt (if any) related to a cell change performed by use of the LLM procedure should be significantly shorter than the existing L3 Handover interrupt time. Otherwise, this will negatively impact the gain from LLM feature. In our view the existing HO interruption time would set a maximum limit for any interrupt time for LLM cell change. However, the target of the limit should be to minimise the delay. 
Cell change interrupt related to a cell change by LLM should aim at being significantly shorter than existing interrupt due to L3 handover to enable gains from LLM over existing L3 mobility.
We think that the overall principle should be that the LLM cell switch time should be minimised as much as possible. In any given case, the LLM cell switch time should not exceed the minimum time of L3 handover. 
LLM cell switch interruption time should be minimized, and upper limit should be agreed not to exceed the existing L3 HO interruption time
L1 measurement core requirements
Recent RAN2 agreement bases the design on L1 measurements to trigger LLM. 
	Assume that we rely on L1 measurements to trigger L1L2 mobility (still measurement for preparation could be L3, FFS)




RAN4 has defined RSRP intra-frequency and inter-frequency measurement accuracies in section 10. We note that already in Rel-17 RAN4 defined requirements for L1-RSRP measurement for a cell with different PCI than serving cell in section 9.13. 
RAN4 has defined requirements for L1-RSRP measurement for a cell with different PCI than serving cell.
Using these existing measurements requirements as a baseline is feasible way to define measurement requirements for LLM measurements. We expect that RAN4 could use existing L1-RSRP measurement for a cell with different PCI than serving cell at least as base for LLM measurement and reporting requirements. 
Existing L1-RSRP measurement requirements for a cell with different PCI than serving cell can applied for LLM.
However, the L1-RSRP measurement accuracy requirement for non-serving cell is missing in RAN4. We also notice that the current measurement accuracies for SSB-based measurements is rather relaxed especially for FR2. Hence, we propose to discuss the L1-RSRP measurement accuracies and whether they can be improved now when they are to be used for LLM.
Discuss the L1-RSRP measurement accuracies and whether they can be improved for LLM.
RAN4 to define L1-RSRP measurement accuracy requirement for non-serving cell.  
2.3 Inter-frequency aspects
According to the WI Description both Intra and Inter frequency requirements have to be considered in LLM. 
	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



The intra-frequency requirements in FR1 and FR2 for L1-RSRP measurement and reporting have been defined in the latest TS 38.133 specification, which covers L1 measurement from a cell with different PCI than serving cell. As mentioned, these could be used as the baseline for L1/L2 mobility intra-frequency requirements. However, inter-frequency measurement on non-serving neighbour cells seems not considered. We see that such requirements would be needed for L1/L2 mobility as inter-frequency scenario is considered in L1/2 mobility as shown above. 
Inter-frequency L1-RSRP measurement requirements on non-serving cell need to be defined.
Intra- and Inter-frequency are clearly both within the WID scope. 
Intra-frequency is included in the WID scope and ready for RAN4 work
Uplink timing and timing management requirements
RAN1 and RAN2 are currently discussing about UL timing management scenarios. The assumption in RAN4 should be that uplink timing and timing management requirements follow the existing requirements as a starting point. 
Transmit timing accuracy requirements for any uplink transmission should follow existing requirements as a starting point
Scenarios
In the last meeting, companies were opposing simultaneous Rx/Tx with both source cell and target cell. Whether this scenario is supported should be left FFS. 
Whether to consider simultaneous Rx/Tx with both source cell and target is FFS
The discussion around multi-rx, and LLM are very much related. As this study is release-18 study, we should already consider, and define requirements for multi-panel operation in parallel. 
Consider multi-panel requirements impact in LLM study item
L1/L2 mobility is to replace L3 mobility for some scenarios we should have same scenarios considered.
Conclusion
This contribution analysed various aspects of NR_Mob_enh2-core requirements for Lower Layer Mobility.
The following observations and proposals were made: 
Observation 1: The service interruption time is defined differently between RAN2 and RAN4. The main difference is the ending point which mark the end of service interruption.

Observation 2: LLM will need to support both, RACH, and RACH-less procedures

Observation 3: Cell change interrupt related to a cell change by LLM should aim at being significantly shorter than existing interrupt due to L3 handover to enable gains from LLM over existing L3 mobility.

Observation 4: RAN4 has defined requirements for L1-RSRP measurement for a cell with different PCI than serving cell.

Observation 5: Inter-frequency L1-RSRP measurement requirements on non-serving cell need to be defined.

Observation 6: Intra- and Inter-frequency are clearly both within the WID scope. 

Observation 7: Intra-frequency is included and RAN4 can start to work on it.


Proposal 1: L1/L2-based inter-cell mobility can be referred as Lower Layer Mobility or LLM 
Proposal 2: RAN4 is to review the delay components of the existing definition for L3 handover and discuss the adaptability of such definition in LLM. 
Proposal 3: To distinguish from Cell Switch command in LLM from L3, we should call it LLM switch command 
Proposal 4: Exact time values displayed in the Table 2 for LLM are for FFS
Proposal 5: LLM cell switch interruption time should be minimized, and upper limit should be agreed not to exceed the existing L3 HO interruption time
Proposal 6: Existing L1-RSRP measurement requirements for a cell with different PCI than serving cell can applied for LLM.
Proposal 7: Discuss the L1-RSRP measurement accuracies and whether they can be improved for LLM.
Proposal 8: RAN4 to define L1-RSRP measurement accuracy requirement for non-serving cell.  
Proposal 9: Intra-frequency is included in the WID scope and ready for RAN4 work
Proposal 10: Transmit timing accuracy requirements for any uplink transmission should follow existing requirements as a starting point 
Proposal 11: Whether to consider simultaneous Rx/Tx with both source cell and target is FFS 
Proposal 12: Consider multi-panel requirements impact in LLM study item 
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