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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 for L1/L2-triggered mobility (LTM), and made the following agreements and assumptions:
	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. 


In this contribution, we continue the discussion on what latency components to be enhanced and identify potential involvements or inputs from other WGs. The discussion is based on the time chart captured in the endorsed running stage-2 CR [1], also copied below.


Figure 1.	Components of mobility latency for L1/L2-based inter-cell mobility
Discussion
UE processing
[bookmark: OLE_LINK70][bookmark: OLE_LINK73][bookmark: OLE_LINK83]As a part of “UE reconfiguration” in baseline time chart, Tprocessing, represents the time for UE processing, which is further divided into two parts, Tprocessing,1 and Tprocessing,2, representing UE processing before and after cell switch command, respectively. UE processing consists of many steps. Based on RAN2 discussion in last meeting, RAN2 already has clear views on security update, L2 reset /reconfiguration, RF retuning, and baseband retuning. The major remaining issue is when UE should perform ASN.1 decoding and validity/compliance check (upon candidate configuration or upon cell switch).
[bookmark: OLE_LINK51][bookmark: OLE_LINK44][bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK42][bookmark: OLE_LINK60]In normal RRC reconfiguration procedure, UE always performs ASN.1 decoding and compliance check as part of reconfiguration procedure. In 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/compliance check upon reception of CHO command or upon CHO execution. For LTM, the handover interruption can be reduced if UE perform validity checking upon reception of RRCReconfiguration. 
[bookmark: OLE_LINK57]Therefore, we have the following proposal:
Proposal 1: In LTM, UE performs ASN.1 decoding and validity/compliance check for candidate configurations upon reception of the corresponding RRC reconfiguration message. 
One major concern about UE performing early ASN.1 decoding and validity checking is that UE may need to perform RRC re-establishment when UE is unable to comply with the candidate configurations. In CHO, we left this problem for UE implementation. In LTM, however, this can be resolved by adding a rule that UE needs not to perform RRC reestablishment if it finds an incompatible candidate cell configuration before cell switch command to that candidate. UE can handle incompatible candidate configurations in different ways, for example,
· UE continues to use the configuration prior to the detection of inability to comply with the configuration.
· UE excludes the configuration which it can’t comply with from the candidate list, and optionally UE sends complete message to indicate such error.
We think RAN2 can make the choice later.
Proposal 2: In LTM, if UE is unable to comply with a candidate configuration, UE needs not to perform RRC re-establishment. FFS how to handle the incompatible candidate configuration.
The UE processing steps are summarized in the table below.
Table 1.	Summary for Tprocessing for LTM
	Steps
	[bookmark: OLE_LINK72][bookmark: OLE_LINK78]Tprocessing,1 or Tprocessing,2
	Comment

	ASN.1 decoding and validity checking
	[bookmark: OLE_LINK74]Tprocessing,1
	Our proposal, to be discussed in RAN2

	[bookmark: _Hlk115024919]Security update

	[bookmark: OLE_LINK80]N/A
	Security update is not combined with pre-configuration for candidate cells. Separate RRC message is used if key change is needed.

	L2/3 reconfiguration 
	[bookmark: OLE_LINK77]Baseline: Tprocessing,2
	For inter-DU, enhanced UE may perform L2/3 reconfiguration before cell switch command.

	PHY configuration and Baseband retuning 

	[bookmark: OLE_LINK81]Tprocessing,2

	

	RF retuning for inter-frequency 
	Tprocessing,2
	


[bookmark: OLE_LINK88]DL and UL synchronization
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, LTM-capable UE may perform DL synchronization towards candidate (i.e., potential target) cell(s) before cell switch command. This may be: 
· Indicated by network, via mechanisms like TCI state activation
· Initiated by UE
As RAN2 assumption, we may need RAN1/4 input to decide whether UE can perform DL synchronization towards candidate cell(s) before cell switch command. Our understanding is this is likely to be supported, otherwise LTM does not really reduce mobility latency. Therefore, we suggest that RAN2 discuss how DL synchronization towards candidate cell(s) can be initiated before cell switch command. 
In fact, with Rel-17 inter-cell beam management, UE already performs DL synchronization towards another cell when a TCI state QCLed with reference signal from another cell (i.e., marked with additionalPCI) is activated by the network. For Rel-18 LTM, even if the details of TCI framework require further RAN1 discussion, we can assume that such DL synchronization is initiated by the network, and FFS whether UE initiation is supported.
Proposal 3: DL synchronization towards candidate cell(s) is initiated by network, if RAN1/4 confirms that LTM-capable UE can performs it before reception of cell switch command. FFS whether UE initiation is supported.
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 minimize the handover interruption, 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 4: Send LS to RAN1, suggesting RAN1 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. 
Proposal 5: RAN2 consider reducing the need of RACH by keeping the TAG/TAT for the source cell after cell switch. 
RAN2 assumes that it is up to RAN1 whether to support TRS tracking and CSI measurement of candidate/target cell before cell switch command. In our understanding, L1 measurement 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 (if RAN1 agrees to support CSI-RS measurement for candidate cell(s)), is covered by measurement delay. Moreover, TRS tracking and its post-processing can be covered in TΔ and Tmargin (i.e., DL synchronization). It is up to RAN1/4 if TRS tracking needs to be done before cell switch command.
Proposal 6: CSI-RS measurement for candidate cell(s), if supported, is considered as measurement delay, but not included in handover interruption time. TRS tracking, if performed, 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/compliance check upon reception of CHO command or upon CHO execution. For LTM, the handover interruption can be reduced if UE perform validity checking upon reception of RRCReconfiguration. 
We have the following proposals: 
Proposal 1: In LTM, UE performs ASN.1 decoding and validity/compliance check for candidate configurations upon reception of the corresponding RRC reconfiguration message. 
Proposal 2: In LTM, if UE is unable to comply with a candidate configuration, UE needs not to perform RRC re-establishment. FFS how to handle the incompatible candidate configuration.
Proposal 3: DL synchronization towards candidate cells is initiated by network if RAN1/4 confirms that LTM-capable UE can performs this before reception of cell switch command. FFS whether UE initiation is supported.
Proposal 4: Send LS to RAN1, suggesting that RAN1 study the feasibility and complexity to obtain TA for the candidate cells before reception of cell switch command. 
Proposal 5: RAN2 consider reducing the need of RACH by keeping the TAG/TAT for the source cell after cell switch. 
Proposal 6: CSI-RS measurement for candidate cell(s), if supported, is considered as measurement delay, but not included in handover interruption time. TRS tracking, if performed, is considered as a part of DL synchronization. 
Reference
[1] [bookmark: OLE_LINK89]R2-2209255, 38.300 running CR for introduction of NR further mobility enhancements, MediaTek Inc, Aug. 2022
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