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[bookmark: OLE_LINK39][bookmark: OLE_LINK38][bookmark: OLE_LINK37]Introduction
[bookmark: OLE_LINK3]In last RAN2 meeting, we discussed target performance improvements and candidate solutions for L1/L2-based inter-cell mobility and following agreements/working assumptions were made:
	· [bookmark: OLE_LINK9][bookmark: OLE_LINK134]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).
· [bookmark: OLE_LINK27][bookmark: OLE_LINK28]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
· [bookmark: OLE_LINK84]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. 


In this contribution, we analyse the key components contributing the mobility latency, discuss what characteristics to enhance and figure out the potential involvements/inputs from other WGs.
Discussion
Based on the above highlighted agreements/working assumptions, a time chart illustrating the mobility latency for the basic L1/L2-based inter-cell mobility mechanism without any enhancement is provided as the output of the email discussion [Post119-e][036][1], which is captured in the endorse running stage-2 CR [2].


Figure 1.	Components of mobility latency for L1/L2-based inter-cell mobility
Just as the working assumption agreed, we should investigate the solutions to reduce the time for UE reconfiguration, downlink and uplink synchronization after handover decision (other parts of dynamic switch not precluded). In the following subsections, we discuss whether/how to reduce the time durations for each component. 
Pre-configuration of the Candidate cells
[bookmark: OLE_LINK19][bookmark: OLE_LINK35][bookmark: OLE_LINK20]TRRC is the processing time for RRCReconfiguration, which is quite fixed and is hard to improve. 
[bookmark: OLE_LINK83][bookmark: OLE_LINK31][bookmark: OLE_LINK21][bookmark: OLE_LINK30][bookmark: OLE_LINK29][bookmark: OLE_LINK36][bookmark: OLE_LINK71][bookmark: OLE_LINK48][bookmark: OLE_LINK32]Tprocessing, is the time for UE processing, which mainly includes ASN.1 decoding and validity checking, the L2/3 reconfiguration, baseband retuning, RF retuning for inter-frequency handover, as well as security update if needed.  It is divided into two parts, Tprocessing,1 and Tprocessing,2. It should be clarified what steps are considered in Tprocessing,1 and Tprocessing,2 respectively. To reduce the time for UE reconfiguration after handover decision, it is desired that UE performs as many steps as possible in Tprocessing,1 and make Tprocessing,2 be shortened. 
[bookmark: OLE_LINK70]ASN.1 decoding and validity checking
[bookmark: OLE_LINK46][bookmark: OLE_LINK41][bookmark: OLE_LINK51][bookmark: OLE_LINK44][bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK42][bookmark: OLE_LINK60]ASN.1 decoding is performed right after reception of RRCReconfiguration message, which is in Tprocessing,1. For normal RRC reconfiguration procedure, UE always performs compliance check as part of reconfiguration procedure. For CHO, the CHO command may be reconfigured before CHO is executed. It is up to UE implementation to perform validity checking upon reception of CHO command or upon CHO execution. Therefore, UE is allowed to perform compliance check when CHO is executed to avoid the unnecessary validity checking. Considering the latency reduction is the optimization target for L1/L2-based mobility, UE should perform validity checking upon reception of RRCReconfiguration.
[bookmark: OLE_LINK54]Observation 1: For CHO, it is up to UE implementation to perform validity checking upon reception of CHO command or upon CHO execution. For L1/L2-based mobility, the handover interruption can be reduced if UE perform validity checking upon reception of RRCReconfiguration. 
[bookmark: OLE_LINK57][bookmark: OLE_LINK62]Proposal 1: UE performs ASN.1 decoding and compliance check for RRCReconfiguration with candidate cell configuration upon reception of the RRC reconfiguration message. 
[bookmark: OLE_LINK73]Security update
[bookmark: OLE_LINK106]For both intra-CU intra-DU and intra-CU inter-DU mobility, it is desired that security update can be avoided since the security domain doesn’t change during mobility. However, it doesn’t mean that security update is forbidden for intra-CU mobility. Network is still allowed to update security when necessary. In this case, it is preferred that security is updated by normal RRC reconfiguration message, but not combined with the pre-configuration for the candidate cell. In this case, security update is not considered as a factor in Tprocessing. Considering the security key will be common for the cells connected to the CU, security update taken by normal RRC reconfiguration message can be provided before or after cell switch.
If security is updated during L1/L2-based inter-cell mobility and provided in pre-configuration message, the only benefit is one RRC message is save. However, there are some issues need to be solved. Currently, we are discussing the RRC modelling for candidate cells. If candidate cell configuration is provided as cell group configuration, the security configuration can’t be provided directly in the cell group configuration. Furthermore, it’s unclear how to perform security update when UE is switched back and forth. 
[bookmark: OLE_LINK107]Observation 2: For intra-CU mobility, security update can be skipped.
Proposal 2: Security is updated by normal RRC reconfiguration message and not combined with the pre-configuration for the candidate cells. Security update is not considered as an element in Tprocessing.
[bookmark: OLE_LINK64]L2/3 reconfiguration 
[bookmark: OLE_LINK55][bookmark: OLE_LINK59]For intra-DU mobility, since PDCP, RLC and MAC entity are not changed, it is possible to skip security update and L2/3 reconfiguration. In order to reduce the mobility latency, it is desired that network should try to avoid L2/3 reconfiguration as much as possible. But it doesn’t mean that L2/3 reconfiguration is forbidden for intra-DU mobility. Network is still allowed to reconfigure L2/3 when necessary. In this case, L2/L3 reconfiguration is performed upon reception of the cell switch command. 
[bookmark: OLE_LINK56][bookmark: OLE_LINK47][bookmark: OLE_LINK49][bookmark: OLE_LINK50]For inter-DU mobility, whether L2/L3 reconfiguration can be performed upon reception of RRCReconfiguration message depends on the detailed solutions to handle inter-DU mobility as well as the required UE capability. If inter-DU mobility is handled by single protocol stack (RLC/MAC), L2/L3 reconfiguration like RLC re-establishment and MAC reset should be performed when cell switch command is received. In this case, L2/3 reconfiguration belongs to Tprocessing,2.
If inter-DU mobility is handled by dual protocol stack (RLC/MAC) just as split bearer, L2/3 reconfiguration e.g., RLC establishment and MAC create can be performed upon reception of RRCReconfiguration message. In this case, L2/3 reconfiguration belongs to Tprocessing,1. It requires UE is capable to support split bearer.
[bookmark: OLE_LINK65][bookmark: OLE_LINK63][bookmark: OLE_LINK58]Observation 3: For intra-DU mobility, L2/L3 reconfiguration can be skipped. For inter-DU mobility, whether L2/L3 reconfiguration can be performed upon reception of RRCReconfiguration message or upon reception of cell switch command depends on the detailed solutions and required UE capability.
[bookmark: OLE_LINK61]Proposal 3: For intra-DU mobility, the network should try to avoid L2/3 reconfiguration. If L2/3 reconfiguration is required, it is performed upon reception of the cell switch command. 
[bookmark: OLE_LINK66]Proposal 4: For inter-DU mobility, RAN2 considers both solutions to perform L2/3 reconfiguration upon reception of RRCReconfiguration message and upon reception of cell switch command.
[bookmark: OLE_LINK79]Baseband retuning 
[bookmark: OLE_LINK68]The latency for UE to apply the physical layer configuration for the target cell can be up to 10ms and should not be neglected in latency analysis. If UE applies the physical layer configuration when the cell switch command is received, the latency due to physical layer reconfiguration should be counted in for the overall mobility latency. In contrast, if UE applies the physical layer configuration right upon receiving RRC reconfiguration for candidate cell(s), the latency due to physical layer reconfiguration is not counted in, and the overall mobility latency can be further reduced. However, this implies additional requirement on UE capability, e.g., additional hardware may be needed for UE to prepare and configure the physical layer configuration of target cell in advance. Whether UE can perform baseband retuning before or after reception of cell switch command needs RAN4 inputs according to different assumptions on UE capabilities.
RF retuning
Same as baseband retuning, UE can perform RF returning upon reception of cell switch command for inter-frequency mobility as a baseline behavior. However, if UE capability allows, UE is able to perform RF retuning upon reception RRCReconfiguration message if another RF chain is prepared for the target cell. Whether UE can perform RF retuning before or after reception of cell switch command needs RAN4 inputs according to different assumptions on UE capabilities.
[bookmark: OLE_LINK67]Observation 4: As baseline, UE applies physical layer configuration, performs baseband retuning and RF retuning (in case of inter-frequency mobility) upon reception of cell switch command. UE may be able to perform physical layer configuration, perform baseband retuning and RF retuning upon reception of RRCReconfiguration message if additional hardware and RF chain are prepared for the target cell. 
[bookmark: OLE_LINK85]Proposal 5: Send LS to RAN4 asking inputs whether UE can apply physical layer configuration, perform baseband retuning, and perform RF returning for inter-frequency mobility upon reception of RRCReconfiguration message or upon reception of cell switch command. 
Table 1 Summary for Tprocessing
	Steps
	[bookmark: OLE_LINK72][bookmark: OLE_LINK78]Belongs to Tprocessing,1 or Tprocessing,2
	Comment

	ASN.1 decoding and validity checking
	[bookmark: OLE_LINK74]Tprocessing,1
	

	[bookmark: _Hlk115024919]Security update

	[bookmark: OLE_LINK80]NA
	Security update is not combined with preconfiguration for candidate cells. 

	L2/3 reconfiguration 
	[bookmark: OLE_LINK77]Intra-DU: Tprocessing,2
Inter-DU: Tprocessing,1 or Tprocessing,2
	For inter-DU, it depends on the detailed solutions and required UE capabilities.

	PHY configuration and Baseband retuning 

	[bookmark: OLE_LINK81]Baseline: Tprocessing,2
FFS whether can belong to Tprocessing,1
	[bookmark: OLE_LINK82]Need RAN4 input, 
Assumptions on UE capabilities

	RF retuning for inter-frequency 
	Baseline: Tprocessing,2
FFS whether can belong to Tprocessing,1
	Need RAN4 input, 
Assumptions on UE capabilities


Measurement Delay
UE starts measuring the candidate cells upon reception of the pre-configuration. The overall measurement delay may comprise of the steps of candidate cell detection, candidate cell measurement and candidate cell report. The time duration for candidate cell detection determines when the candidate cell appears. Since cell detection highly relies on UE implementation, it is not considered as an optimization factor for L1/2-based inter-cell mobility. 
The design target for L1/L2-based inter-cell mobility is to make the overall mobility latency closer to that of intra-cell mobility. In this way, UE can access the resources of different cells more freely. Reducing mobility latency not only reduces data interruption experienced by UE, but also allows UE to access a better cell earlier. Since the UE can always be scheduled with the beams of high quality among different cells adapting to the fast channel variation, mobility robustness and throughput can be improved. Therefore, L3 measurement is in nature not compatible for L1/2-based mobility in terms of adaptivity to channel variations and tight latency requirement. RAN2 agreed in last meeting as working assumption that L1 measurement is relied on to trigger L1/L2 mobility. Such assumption implies that UE performs L1 measurement and sends L1 measurement results to the network, relies on which network triggers L1/2 based mobility. 
For inter-frequency mobility, whether L1 measurement and report are used to trigger L1/L2-based mobility should be discussed. The availability of L1 measurement and report for inter-frequency also depends on the supported scenarios. If the target PCell is an activated SCell, the L1 measurement and report for the ‘inter-frequency’ target cell is available beforehand. If L1 measurement and report are intended to support other inter-frequency mobility scenarios, RAN1/RAN4 should be consulted to study the feasibility and complexity. First, it’s both time and power consuming to perform L1 measurement and report on different frequencies. Second, inter-frequency L1 measurement and report are not supported by both RAN1 and RAN4. Third, there is no criteria to compare the inter-frequency L1 measurement results and trigger cell switch procedure. From RAN2 aspect, it is simple to still rely on L3 measurement and report to trigger inter-frequency mobility, even though the cell switch command can be L1/L2 signalling. 
Proposal 6: For intra-frequency mobility, UE performs L1 measurements and sends L1 measurement results to the network. The network relies on the L1 measurements to trigger L1/2-based inter-cell mobility. 
Observation 5: Inter-frequency mobility based on L1 measurement and report are not supported by current specifications of both RAN1, RAN2 and RAN4. 
Proposal 7: For inter-frequency mobility, ask RAN1/RAN4 to evaluate the feasibility and complexity if L1 measurement and report are intended to be supported for inter-frequency mobility for different scenarios. 
It is FFS whether the measurement for candidate cell preparation is L3. There is no need to utilize L1 measurement/report for candidate cell preparation considering the complexity and power consumption at the UE side. Furthermore, L3 measurements is more suitable for the candidate cells preparation considering the preparation decision should rely on more stable measurements. For inter-DU mobility, candidate cell preparation is controlled by CU. Using L3 measurements/reports for candidate cell preparation is already supported.  For intra-DU mobility, it’s up to network implementation whether to use L1 measurement together with L3 measurement. 
Proposal 8: Candidate preparation relies on L3 measurement and report.  
[bookmark: OLE_LINK88]Handover Interruption
In handover procedure, UE performs DL synchronization towards the indicated target cell; the process includes fine tracking and post-processing of reference signals and takes some 20ms to complete. To allow fast cell switching, UE performs DL synchronization towards candidate (i.e., potential target) cell(s) before cell switch command. This may be: 
· Indicated by network, via mechanism similar to TCI state activation
· Initiated by UE
Proposal 9: UE performs DL synchronization towards candidate cell(s) before reception of cell switch command.
When UE changes its serving cell, it also needs to acquire the timing advance (TA) of target cell before UL transmissions. TA is usually acquired via RACH procedure, which contributes a long and uncertain part of mobility latency. In L1/L2-based mobility, if RACH is needed after inter-cell beam indication, the latency may be much longer than intra-cell case, making our Rel-18 enhancement less attractive. In order to reduce the handover interruption to minimum, it is desired that UE can acquire the UL TA before cell switch is actually performed. 
In LTE, we introduced RACH-less handover, where UE can skip RACH under some conditions (if TA~0 or source TA can be reused). To allow RACH-skipping in more general cases, one solution is to allow UE to maintain TA for candidate cell. If a valid TA is available for the indicated target cell, UE can switch to target cell without performing RACH. Whether UE can obtain TA for candidate cells depends on UE capabilities; higher UE complexity (e.g., additional hardware) is expected. The details for UE to obtain TA for a non-serving cell depends on RAN1 discussions.
Proposal 10: Send LS to RAN1 to study the feasibility and complexity to obtain TA for the candidate cells before reception of cell switch command. 
If UE is unable to acquire TA for the candidate cells, RAN2 may also consider the possibilities to reduce the handover interruption for certain scenarios. For example, UE may be switched back and forth between the source cell and the target cell. In this case, UE may perform RACH towards a target cell at first access and skip RACH in next access if TA timer for the target cell is maintained and not expired. Two TA timers belonging to two TAGs will be associated to the source cell and target cell respectively. 
[bookmark: OLE_LINK135]It is FFS if TRS tracking after HO and CSI-RS measurement should also be included in handover interruption time. In our understanding, L1 measurement and tracking of RS corresponding to the target beam should be done before the cell switch command. Then if UE is to use a CSI-RS (high performance) beam, the CSI-RS measurement is covered by measurement delay, and TRS tracking /post-processing can be covered in TΔ and Tmargin (i.e., DL synchronization).
Proposal 11: CSI-RS measurement is considered as measurement delay, but not included in handover interruption time. TRS tracking is considered as a part of DL synchronization.

Analysis Summary
Based on the observations and proposals above, we elaborate possible enhancement to reduce the overall mobility latency compared to the basic timeline, just as illustrated in Figure 2. 


· [bookmark: _Hlk110588814]Option 1: UE performs DL synchronization before cell switch
· Option 2: UE performs DL synchronization and UL synchronization (or skip RACH when possible) before cell switch
[bookmark: OLE_LINK98]In option 1, UE measurement and report can be performed in parallel with DL synchronization, the overall mobility latency can be reduced. Since DL synchronization is performed before cell switch, Handover interruption can be reduced further compared to the baseline. 
In option 2, UE measurement and report can be performed in parallel with DL synchronization and UL synchronization. Same as option 2, the overall mobility latency can be further reduced. Since both UL and DL synchronization have acquired before cell switch, handover interruption can be largely reduced to only count the time for UE processing. 


Conclusion
We have the following observations:
Observation 1: For CHO, it is up to UE implementation to perform validity checking upon reception of CHO command or upon CHO execution. For L1/L2-based mobility, the handover interruption can be reduced if UE perform validity checking upon reception of RRCReconfiguration. 
Observation 2: For intra-CU mobility, security update can be skipped.
Observation 3: For intra-DU mobility, L2/L3 reconfiguration can be skipped. For inter-DU mobility, whether L2/L3 reconfiguration can be performed upon reception of RRCReconfiguration message or upon reception of cell switch command depends on the detailed solutions and required UE capability.
Observation 4: As baseline, UE applies physical layer configuration, performs baseband retuning and RF retuning (in case of inter-frequency mobility) upon reception of cell switch command. UE may be able to perform physical layer configuration, perform baseband retuning and RF retuning upon reception of RRCReconfiguration message if additional hardware and RF chain are prepared for the target cell. 
Observation 5: Inter-frequency mobility based on L1 measurement and report are not supported by current specifications of both RAN1, RAN2 and RAN4. 
We have the following proposals: 
Proposal 1: UE performs ASN.1 decoding and compliance check for RRCReconfiguration with candidate cell configuration upon reception of the RRC reconfiguration message. 
Proposal 2: Security is updated by normal RRC reconfiguration message and not combined with the pre-configuration for the candidate cells. Security update is not considered as an element in Tprocessing.
Proposal 3: For intra-DU mobility, the network should try to avoid L2/3 reconfiguration. If L2/3 reconfiguration is required, it is performed upon reception of the cell switch command. 
Proposal 4: For inter-DU mobility, RAN2 considers both solutions to perform L2/3 reconfiguration upon reception of RRCReconfiguration message and upon reception of cell switch command.
Proposal 5: Send LS to RAN4 asking inputs whether UE can apply physical layer configuration, perform baseband retuning, and perform RF returning for inter-frequency mobility upon reception of RRCReconfiguration message or upon reception of cell switch command. 
Proposal 6: For intra-frequency mobility, UE performs L1 measurements and sends L1 measurement results to the network. The network relies on the L1 measurements to trigger L1/2-based inter-cell mobility. 
Proposal 7: For inter-frequency mobility, ask RAN1/RAN4 to evaluate the feasibility and complexity if L1 measurement and report are intended to be supported for inter-frequency mobility for different scenarios. 
Proposal 8: Candidate preparation relies on L3 measurement and report.  
Proposal 9: UE performs DL synchronization towards candidate cell(s) before reception of cell switch command.
Proposal 10: Send LS to RAN1 to study the feasibility and complexity to obtain TA for the candidate cells before reception of cell switch command. 
Proposal 11: CSI-RS measurement is considered as measurement delay, but not included in handover interruption time. TRS tracking is considered as a part of DL synchronization.
Reference
[1] R2-2209256, Report of [Post119-e][036][feMob] Time Chart, MediaTek Inc, Aug. 2022
[2] [bookmark: OLE_LINK89]R2-2209255, 38.300 running CR for introduction of NR further mobility enhancements, MediaTek Inc, Aug. 2022
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