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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: _Hlk110923768]In this contribution, we provide our views on the delay aspects to support L1/L2 triggered inter-cell mobility (LTM) for mobility latency reduction. 
Discussion
[bookmark: _Toc5952573]In previous meeting RAN2 sent a LS to inform the progress in RAN2. Following are the RAN2 agreements.
Terminology
RAN2 to use “LTM” as term for the L1/L2-triggered mobility. 
Use the term “cell switch” for the procedure of triggering change of cells via the LTM feature
Use the term “Subsequent” LTM for the case when cell switch between L1/L2 mobility candidates is done without RRC reconfiguration in between.

Target performance enhancements
No security update support in Rel-18 with L1/L2 based mobility.
FFS whether ASN.1 decoding and validity/compliance check of candidate cell configuration are performed upon reception of the candidate cells configuration. FFS if this need to be specified. 
For UE processing, the following (not exhaustive) is assumed to be performed after receiving the cell switch command:
MAC/RLC reset (when configured) 
RF retuning (e.g. needed for inter-frequency), baseband retuning 
R2 assumes that the following items may be discussed by RAN1 and RAN4 (and may be scenario specific): 
- Whether to perform DL synchronization to candidate/target cell before receiving the cell switch command. R2 assumes this is feasible at least for the case that the target cell is already an active serving cell.
- Whether to support of performing TRS tracking and CSI measurement of candidate/target cell before/by cell switch command
L1L2 based mobility supports the following CA scenarios:
PCell change without SCell change
PCell change with SCell change
Support NR-DC scenario in L1L2 based mobility, at least for the PSCell change without MN involvement case, i.e. intra-SN. 

L1 measurements and beam indication
RAN2 assumes that RAN1 will drive discussions on L1 measurement enhancements, if any. If RAN1 identifies the need for e.g. event reporting, filtering etc, RAN2 can then be involved if needed. 
Inter-freq L1L2 mobility: R2 Confirms that For L1L2 mobility inter-freq scenarios in general should be supported (including mobility to inter-frequency cell that is not a current serving cell), including the support of inter-frequency L1 measurements, if feasible by R4 and R1.
RAN2 assumes that whether to use the unified TCI framework as the baseline for beam indication for L1L2 mobility is up to RAN1 (RAN2 observes that L1/L2 mobility need to support inter-freq cases). 

RRC
A L1/L2 inter-cell mobility candidate (target) configuration is received within an RRC message before the L1/L2 dynamic switch is triggered.
For L1L2 mobility, Target Pcell/SCell can be current SCell/PCell, i.e., current SCell/PCell can be configured as candidates.
RAN2 assumes that sequential L1L2 cell change between Candidates without RRC reconfiguration can be supported. 

Dynamic cell switching
RAN2 assumes L1/2 mobility trigger information is conveyed in a MAC CE, FFS if the MAC CE or a DCI is used for the actual triggering. 
RAN2 assumes the MAC CE for L1/2 mobility trigger contains at least a candidate configuration index. 
FFS if it should be possible to perform SCell activation/deactivation (amongst SCells associated with the candidate configuration) simultaneously with L1 L2 mobility trigger MAC CE (if so, FFS how this is determined).
RAN2 assumes that both RACH-based (CFRA, CBRA) and RACH-less procedures for L1 L2 mobility switch may be supported. RACH-less if the UE doesn’t need to acquire TA during the cell switch. RAN2 understands that the feasibility of RACH-less may depend on RAN1, and expect that RAN1 is working on this. 
RAN2 assumes RACH resource for CFRA for L1 L2 dynamic switch may be provided in RRC configuration (or potentially by MAC CE FFS). 
FFS if the MAC CE can indicate TCI state(s) (or other beam info) to activate for the target Cell(s), dep on RAN1 progress.
R2 assumes that at L1L2 cell switch: Whether the UE performs partial or full MAC reset (FFS what partial reset is, e.g. to avoid data loss), re-establish RLC, perform data recovery with PDCP is explicitly controlled by the network. R2 assumes that this can be configured by RRC. FFS if MAC CE indication(s) is/are needed.
 
Scenarios 
From the RAN2 LS, we think following scenarios are possible from RAN2 perspective.
L1L2 based mobility supports the following CA scenarios:
PCell change without SCell change
PCell change with SCell change
Support NR-DC scenario in L1L2 based mobility, at least for the PSCell change without MN involvement case, i.e., intra-SN. 

In NR SA, PCell change with and with SCell change are possible. RAN4 needs to define requirements for only PCell change and PCell change with SCell change. We understand that PCell change with SCell change may be conveyed in same MAC CE or different MAC CE, but they are sent at the same time. Moreover, though the SCell activation MAC CE is not received, in the RRC reconfiguration for the target cell, NW may have indicated SCell set to activate. That means upon HO, SCells are also needs to be activated. That means we need to specify requirements for LTM with direct SCell activation too.
In summary, we think RAN4 need to specify requirements for following cases
· LTM HO 
· LTM HO with SCell change 
· LTM HO with direct SCell activation

Proposal 1:  RAN4 to agree to specify HO and SCell change requirements for following case
a. LTM HO
b. LTM HO with SCell change
c. LTM HO with direct SCell activation
We think we need to first agree on the components that contribute to delay requirement of LTM HO and once it is agreed, RAN4 can start discussing requirements for the other two cases.
Proposal 2:    RAN4 to define LTM HO with SCell change and LTM HO with direct SCell activation after defining the requirements of LTM HO.

Requirements for LTM HO 
HO delay of L3 HO can be represented as Dhandover and Dhandover equals the RRC processing delay of the HO command plus the interruption time. Where the interruption delay includes following components.
· Component 1: Delay for UE SW and HW processing
· Component 2: Delay for Cell search
· Component 3: Delay for obtaining fine timing 
· Component 4: Delay uncertainty in obtaining PRACH preamble 
We understand that RAN2 had some discussion on the timeline of the HO and had some basic level of timeline assumption. Which is copied below for reference. 
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Figure 1: RAN2 agreed baseline timeline for L1/L2 inter-cell mobility.

Figure 1 shows the RAN2 agreed baseline timeline for L1/L2 inter-cell mobility. Unlike traditional L3 HO, in the LTM framework, network has prepared a set of candidate configurations, and have given the candidate configuration to the UE before the cell switch command. Since NW has provided configuration to the UE may have processed the message before receiving the actual cell switch command and the processing delay can be divided as two processing delays (Tprocessing,1, Tprocessing,2).  
Assuming the cell switch comamnd is sent after sufficiently lomg time after the NW provides candidate configurations, UE processing delay for the HO (Tprocessing,2 in the figure 1) can be small compared to actual UE processing delay of L3 HO. We think Tprocessing,1 may be deifned by RAN2 and RAN4 may need to define Tprocessing,2. 
From the below RAN2 agreement we understand that UE may or may not have to perform L2 reset always and that means UE processing delay for performing L2 reset may not always be required. Having said that, L2 reset delay may be covered in the Tcmd (described in the figure 1). Though UE received target configuration earlier, UE need to perform RF retuning and baseband returning after receiving the cell switch command and it shall be included in the Tprocessing,2
For UE processing, the following (not exhaustive) is assumed to be performed after receiving the cell switch command:
MAC/RLC reset (when configured) 
RF retuning (e.g., needed for inter-frequency), baseband retuning 
We also understand that RAN1 is discussing RACH less handover or performing RACH before the cell switch command is triggered. RAN1 agreements regarding the same are copied below.
Agreement
· Regarding the potential RAN1 enhancements to reduce the handover delay / interruption for Rel-18 LTM
· Support at least DL synchronization for candidate cell(s) based on at least SSB before cell switch command
· Further study the necessary mechanism, e.g. signaling and UE capability

Agreement
On mechanism to acquire TA of the candidate cell(s) in Rel-18 LTM, at least support PDCCH ordered RACH.
· The PDCCH order is only triggered by source cell
· FFS: the details including content of DCI, RACH resource configuration, RAR transmission mechanism, etc.
· Note: any other RACH-based solutions are for discussion separately

Agreement (Made in RAN1#110b-e)
Support TA acquisition of candidate cell(s) before cell switch command is received in L1/L2 based mobility.
· FFS: whether this can be applied to candidate cell when it is deactivated SCell (if defined in RAN2)


Agreement
For PDCCH ordered RACH in LTM, at least the following enhancements are supported
· Introduce indication of candidate cell and/or RO of candidate cell in DCI
· configuration of RACH resource for candidate cell(s) is provided prior to the PDCCH order
· FFS: whether/how to transmit RAR
 
 Agreement
On whether RAR is needed for PDCCH ordered RACH for a candidate cell in LTM, the following alternatives are considered for further study
· Alt 1: RAR is needed
· Alt 2: RAR is not needed
· Note: If Alt 2 is supported, TA value of candidate cell is indicated in cell switch command
· Alt 3: whether RAR is needed can be configured

Agreement
· TA updating (i.e. re-acquisition of TA) for candidate cell can be triggered by NW. 
· same triggering mechanism reuse the initial TA acquisition, i.e., PDCCH order triggered RACH in a candidate cell

One example where UE can trigger RACH before the cell switch command can be found in the figure 2. 
[image: ]
Figure 2: Timeline for L1/L2 inter-cell mobility with TA acquisition before cell switch command.

RAN1 agreed on performing RACH before the cell switch command. With this agreement, we need to specify two set of requirements 
· With RACH after cell switch command and 
· Without RACH after cell switch command
If the RACH is considered, DLTMHO can be represented as 
Tcmd + Tprocessing,2 + Tsearch + T∆ + Tmargin+ TIU 
If the RACH is not considered preliminary components of the delay are as follows.
Tcmd + Tprocessing,2 
Proposal 3:  If UE need to perform RACH after receiving cell switch command, delay requirement for the LTM HO is Tcmd + Tprocessing,2 + Tsearch + T∆ + Tmargin+ TIU. Where the individual components are for FFS.

Proposal 4:  If UE need not perform RACH after receiving cell switch command, delay requirement for the LTM HO is Tcmd + Tprocessing,2. Where the Tcmd and Tprocessing,2 are FFS.

When the RACH is performed before receving the cell switch comamnd, if UE do not support simultaneous transmission of PRACH preamble and other signals (PUCCH/PUSCH/SRS), UE may cause interruption on other cells. RAN4 should study the interruption requirements. 
Proposal 5:  RAN4 to study interruption requirements due to PRACH transmission 
RAN1/2 agreed to acquire UL synchronisation before the cell switch comamnd, and RAN4 may need to dsicuss the requirements associated with UL synchronisation before cell switch command. However, the detail of the procedure is not clear from RAN1/2. Due to that we think it may be early to disucss the requirements in RAN4. Having said that number of cells for which UE can keep the UL synchronization before receiving the HO command may be a RAN4 disucssion and we can start discussing that. To perform random access on the candidate cell before receiving the cell switch command requires UE to acquire and maintain the DL synchronization. Since it may be difficult for UE to acquire DL sync for all the candidate cells, RAN4 need to discuss how many number of cells UE can acquire the DL pre-synchronization. 
Proposal 6:  RAN4 to discuss the DL synchronization requirements and the number of cells for which DL pre-synchronization can be maintained at the UE.    
Summary and Conclusion
In this contribution we have analysed RAN4 aspects for L1/L2 based inter-cell mobility and made following proposals. 
Proposal 1:  RAN4 to agree to specify HO and SCell change requirements for following case
a. LTM HO
b. LTM HO with SCell change
c. LTM HO with direct SCell activation
Proposal 2:  RAN4 to define LTM HO with SCell change and LTM HO with direct SCell activation after defining the requirements of LTM HO.
Proposal 3:  If UE need to perform RACH after receiving cell switch command, delay requirement for the LTM HO is Tcmd + Tprocessing,2 + Tsearch + T∆ + Tmargin+ TIU. Where the individual components are for FFS.

Proposal 4:  If UE need not perform RACH after receiving cell switch command, delay requirement for the LTM HO is Tcmd + Tprocessing,2. Where the Tcmd and Tprocessing,2 are FFS.
Proposal 5:  RAN4 to study interruption requirements due to PRACH transmission 
Proposal 6:  RAN4 to discuss the DL synchronization requirements and the number of cells for which DL pre-synchronization can be maintained at the UE.    
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