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1. Introduction
In RAN2#119e meeting, the target performance enhancements for L1/L2 mobility in Rel-18 further NR mobility enhancements WI [1] were discussed, with the below agreements [2]:

	· 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)


In this contribution, we will discuss the potential target performance enhancements for L1/L2 mobility and try to elaborate the expectation of what characteristics may be addressed by RAN1.
2. Discussion
2.1. Background 
In legacy L3 handover, the data interruption time is the time duration starting from the UE receiving the Handover command to the time UE sends RRCReconfigurationComplete message to the target cell. The L3 handover involves complete L2 and L1 reconfiguration/reset, and RACH procedure towards target cell.Obviously, L3 handover leads to large overhead and long interruption time. Besides, with the blooming of 5G deployment, the denser cells will also results in frequent handover of UEs. Hence, the main goal of L1/L2 based mobility is to reduce the latency, overhead and interruption time.
For L1/L2 based mobility, companies discussed the definition of HO interruption time in RAN2 #119-e meeting [2], besides, companies discussed the mobility latency model in the post-email discussion [3] and reached the following common understanding:
	· 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).


The components of mobility latency are illustrated in Figure 1.  
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Figure 1: Components of Mobility Latency
Each component of mobility latency is described in table Table 1.

Table 1: Components of Mobility Latency
	Component
	Meaning
	Value

	TRRC
	Processing time for RRCReconfiguration carrying candidate configurations
	Up to Xms

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 Yms

Up to [20] ms for same FR

Up to [40] ms for different FR

	Tmeas
	The time UE measures target cell (from target appears to cell switch command)
	

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

Up to [5] ms

	Tsearch
	Time required to search the target cell
	0ms (if cell is known)

Up to 15ms (if cell is unknown)

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
	-


To reduce the HO interruption time, we could consider the aspects including UE reconfiguration, downlink and uplink synchronization, TRS tracking after HO and CSI RS measurement.
2.2. Target Performance Enhancements 
2.2.1 RACH enhancement
According to the mobility latency model shown in Figure 1, after receiving the L1/L2 signalling for handover and performing downlink synchronization, UE will perform RACH toward the target cell to obtain the uplink synchronization to the target cell/cell group. During the RACH procedure, UE cannot perform data reception/ transmission in source cell. Hence, one of the performance enhancements for L1/L2 mobility is to enhance the latency for RACH procedure.

The main purpose of RACH procedure here is to acquire the timing advance in the target cell, if the UE could acquire such information before HO execution or during the time receiving HO command, the interruption caused by RACH procedure could be eliminated. In this way, early RACH before HO execution or RACH-less could be considered as the enhancements for L1/L2 mobility. 
The RACH-Less handover was introduced in LTE, in which RACH procedure can be avoided only when the TA for both source and target cells is the same or assuming TA=0 when the target cell is small. Hence, for L1/L2 mobility enhancement, if it could be assumed that the TA for both source and target cells are the same or TA=0 for the target cell, the RACH-less handover mechanism in LTE could be reused as a baseline. 
In other cases where LTE RACH-less mechanism can not be reused, the following two potential approaches could be studied:
· Early RACH, i.e UE performs RACH toward the target gNB before the HO execution.
· Enhanced RACH-less, i.e., the target cell measures uplink RS from UE and forwards the obtained TA value to source gNB. Then the source gNB sends the TA to UE before sending HO command or in the HO command. 

Detailed design of early RACH and enhanced RACH-less solutions may need other working group involvement, e.g. how to measure the timing advance of the target cells could be further studied in RAN1 and RAN4. Besides, how the target gNB informs the TA value to source gNB should be further studied in RAN3.
Proposal 1:  Early RACH before HO command or RACH-less is considered as the enhancements for L1/L2 mobility.
Proposal 2:  If it is assumed that the TA for both source and target cells is the same or TA=0 for the target cell, the RACH-less handover in LTE could be reused as a baseline.

Proposal 3: Send an LS to RAN1/3/4 if proposal 1 is agreeable. 
2.2.2 L2 reset

In RAN2#119e meeting, whether L2 is continued or reset was discussed with the below conclusion:

	· 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.


According to the agreement above, L2 is expected to be continued whenever possible to reduce the handover delay and target to data recovery. Hence whether L2 is continued or reset is one of target performance enhancements for L1/L2 mobility. 
Regarding the PDCP,  as L1/L2 based inter-cell mobility applies to both intra-DU and intra-CU inter-DU cases according to the WID [1], the PDCP will not be changed after cell switch.  Thus, the security key doesn’t need to be refreshed and there is no need to re-establish PDCP for L1/L2 based inter-cell mobility. 
Observation 1: In L1/L2 mobility, the PDCP location in network side will not change after cell switch, then, there is no need to re-establish PDCP after cell switch.
For intra-CU inter-DU case, the DU will be changed for L1/L2 mobility. The MAC and RLC entity are different after HO, hence the MAC reset, RLC re-establishment should be performed by the UE as legacy. Besides, the PDCP data recovery (e.g., for AM DRB) also needs to be initiated by the UE as legacy. 
Observation 2: In L1/L2 mobility, the MAC reset, RLC re-establishment and PDCP data recovery (e.g. for AM DRB) are needed for intra-CU inter-DU case.
For intra-DU case, the UE could continue to use the same PDCP entity , RLC entity, MAC entity, and radio bearers in the source cell after cell switch. In this case, there is no need for UE to re-establish the PDCP/RLC entity nor initialize the total MAC reset. The UE will keep the L2 continuation during L1/L2 based mobility, i.e, the UE keeps all L2 buffer in PDCP and RLC upon receiving the HO command and continues the data transfer after the HO. In this way, the L2 continuation is kept as much as possible. Besides, the PDCP data recovery is also not needed since the data won’t be discarded in the RLC layer during the HO. 
Observation 3: For intra-DU case, there is no need for UE to re-establish PDCP and RLC, nor to perform PDCP data recovery, but only partially reset is needed in MAC. The L2 continuation is kept as much as possible.
According to observation 3 and 4, UE behaviors are different in inter-DU(intra-CU) and intra-DU cases for L1/L2 based mobility. And the interruption in intra-DU case is expected to be shorter than that in inter-DU(intra-CU)  case. Hence, UE needs to be indicated whether a L1/L2 based HO to perform is an inter-DU(intra-CU) HO or intra-DU HO. 
If inter-DU(intra-CU) HO is indicated, UE needs to perform MAC reset, RLC re-establishment and PDCP data recovery after L1/L2 mobility. If intra-DU HO is indicated, there is no need to re-establish PDCP and RLC, nor to perform PDCP data recovery, but only partially reset is needed in MAC. 

The above behaviour is applicable at least for AM DRB case. While for UM DRB(s), it is always reset after legacy L3 HO. Whether it could be enhanced needs further study. 
Proposal 4:  UE needs to be indicated whether a L1/L2 HO to perform is an inter-DU(intra-CU) or intra-DU HO, at least for AM DRB (FFS UM DRB). Then the UE can take proper actions to kept HO interruption as short as possible. 
· If inter-DU(intra-CU) HO is indicated, the UE needs to perform MAC reset, RLC re-establishment and PDCP data recovery after L1/L2 mobility;
· If intra-DU HO is indicated, there is no need to re-establish PDCP and RLC, nor to perform PDCP data recovery, but only partially reset is needed in MAC.
2.3. Characteristics to be addressed in RAN1
2.2.3 TRS tracking and CSI measurmeent
According to the mobility latency model shown in Figure 1, there is a latency Tfirst-data for UE to perform the normal DL/UL reception/ transmission on the indicated beam of the target cell, after HO completion. In our understanding, after UE performs L1 measurement on the target cell, the UE could only acquire the rough time and channel estimate information by the RS for L1 measurement. However, the UE usually starts normal data transmission/ reception after getting finer time tracking, AGC adjustment, and CSI acquisition and reporting based on dedicated RS to achieve better performance. Hence, during the period of Tfirst-data, the UE will perform TRS tracking and CSI measurement for high-performance beam. To reduce the latency of Tfirst-data, the UE can perform TRS tracking and CSI measurement before or during L1/L2 HO execution. Anyway, the detailed design for the early TRS tracking and CSI measurement should be up to RAN1 discussion.
Proposal 5: Inform RAN1 that early TRS tracking and CSI measurement for target cell (e.g. before or during L1/L2 HO execution) should be considered to reduce the interruption for L1/L2 mobility.
2.2.4 L1 Measurement
One of the main directions for L1/L2 based inter-cell mobility is the L1 enhancements for Rel-17 inter-cell beam management. In legacy (i.e. DL RS based) L1 measurement procedure, the UE performs L1 measurement based on DL RS(s) from different cells and then reports the measurement result to network. The reported measurement results is to be used for source cell to determine whether to initiate a handover. 
In order to enhance the L1 measurement for L1/L2 based inter-cell mobility, one solution for source cell to obtain measurement results is based on UL signal. In this solution, the UE is configured to send a UL RS. Both source and target cells measure the UL RS from UE and exchange the measurement results via Xn/F1 interfaces. Compared with the legacy DL RS based L1 measurement, UL measurement requires no measurement reporting. In this way, UL based measurement would be more suitable than DL RS based L1 measurement as the UL based measurement can enable fast handover to fit the frequent vary of link quality.
Proposal 6: Inform RAN1 that L1 measurement based on UL RS would be helpful to enable fast handover to fit the frequent vary of link quality.
3. Conclusion

In this contribution, we discuss the potential enhancements for L1/L2 mobility, and propose the expectation of what characteristics may be addressed by RAN1. Based on the discussion, we have the following observation and proposals:
Observation 1: In L1/L2 mobility, the PDCP location in network side will not change after cell switch, then, there is no need to re-establish PDCP after cell switch.
Observation 2: In L1/L2 mobility, the MAC reset, RLC re-establishment and PDCP data recovery (e.g. for AM DRB) are needed for intra-CU inter-DU case.
Observation 3: For intra-DU case, there is no need for UE to re-establish PDCP and RLC, nor to perform PDCP data recovery, but only partially reset is needed in MAC. The L2 continuation is kept as much as possible.
Proposal 1:  Early RACH before HO command or RACH-less is considered as the enhancements for L1/L2 mobility.
Proposal 2:  If it is assumed that the TA for both source and target cells is the same or TA=0 for the target cell, the RACH-less handover in LTE could be reused as a baseline.

Proposal 3: Send an LS to RAN1/3/4 if proposal 1 is agreeable. 
Proposal 4:  UE needs to be indicated whether a L1/L2 HO to perform is an inter-DU(intra-CU) or intra-DU HO, at least for AM DRB (FFS UM DRB). Then the UE can take proper actions to kept HO interruption as short as possible. 
· If inter-DU(intra-CU) HO is indicated, the UE needs to perform MAC reset, RLC re-establishment and PDCP data recovery after L1/L2 mobility;
· If intra-DU HO is indicated, there is no need to re-establish PDCP and RLC, nor to perform PDCP data recovery, but only partially reset is needed in MAC.
Proposal 5: Inform RAN1 that early TRS tracking and CSI measurement for target cell (e.g. before or during L1/L2 HO execution) should be considered to reduce the interruption for L1/L2 mobility.
Proposal 6: Inform RAN1 that L1 measurement based on UL RS would be helpful to enable fast handover to fit the frequent vary of link quality.
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