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[bookmark: _Toc116995841]Introduction
RAN2 has agreed the following: 
	
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.



Table 1: Summary of the RAN2 LTM agreements 
This contribution discusses the above agreements from RAN4 point of view.  
[bookmark: _Toc116995842]Discussion
LTM HO Upper and Lower delay limits
To enable full benefit of LTM handover, we expect that a cell switch interrupt (if any) related to a cell change performed by use of the LTM procedure should be significantly shorter than the existing L3 Handover interrupt time. Otherwise, this will negatively impact the gain from LTM feature. In our view the existing HO interruption time would set a maximum limit for any interrupt time for LTM cell change. However, the target of the limit should be to minimise the delay. As guideline, the LTM should aim to be as close to a beam switch delay as possible.
[bookmark: _Toc118749180]Cell change interrupt related to a cell change by LTM should aim at being significantly shorter than existing interrupt due to L3 handover to enable gains from LTM over existing L3 mobility.
We think that the overall principle should be that the LTM cell switch time should be minimised as much as possible. In any given case, the LTM cell switch time should not exceed the minimum time of L3 handover. 
[bookmark: _Toc118749181]LTM cell switch interruption time should be minimized, and upper limit should be agreed not to exceed the existing L3 HO interruption time. The target should be to be as close to a beam switch delay as possible. 
LTM is configured by RRC message before the LTM switch command is triggered. It is assumed dynamic cell switch can be triggered by MAC CE or DCI message. Therefore, the starting point of LTM cell switch improvements is the time when UE receive the cell switch command, e.g. MAC CE. Correspondingly, the starting point where UE prepares for the switch commands starts when UE receives the RRC LTM configuration. 
[bookmark: _Toc118722574][bookmark: _Toc118728794][bookmark: _Toc118722575][bookmark: _Toc118728795][bookmark: _Toc118749182]The starting point of LTM delay requirements is the time when UE receives the RRC LTM configuration
[bookmark: _Toc118749183]The starting point of LTM switch command delay improvements is the time when UE receives the LTM switch command (either MAC CE or DCI)
LTM vs L3 HO 
The LTM discussion has been currently based on legacy L3 HO discussion. As mentioned previously, this approach may not satisfy the intended delay improvements.  Based on the latest RAN2 agreements, we think that there is need for RAN4 to split the delay components further from the L3 HO components. The following table summarises RAN4 discussion so far. 
	Time association
	Description

	TRRC
	Processing time for RRCReconfiguration carrying candidate configurations

	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.

	Tmeas
	Measurement delay (from target appears to cell switch command)

	T_cmd
	Time for processing L1/L2-command (HARQ and parsing)

	Tsearch
	Time required to search the target cell

	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.


	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).


	TRAR
	Time for RAR delay

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


Table 1: explanation of each component in LTM HO service interruption time
The following subsections analyses each of the delay components against RAN2 agreements, and proposes a way forward for each component. 
TRRC
	TRRC
	Processing time for RRCReconfiguration carrying candidate configurations



	RAN2 Agreements: 
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. 
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. 




RAN4 should analyse the RRC UE processing requirements to understand what parts of the RRC can be performed before the LTM switch command. 
[bookmark: _Toc118749184]RRC UE processing requirements are analysed further to understand if RRC configuration can be performed before LTM switch command
Tprocessing_1 & Tprocessing_2
	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.



	RAN2 Agreement: 
No security update support in Rel-18 with L1/L2 based mobility.
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.




Tprocessing_1 is the time to decode LTM config and perform validity check. In another words, ASN.1 decoding and validity check of candidate cell configuration from LTM config is included in Tprocessing_1. However, in the above definition of Tprocessing_1/2 from RAN2, there are too many sub-tasks that are defined under Tprocessing_1/2, and the difference between Tprocessing_1 and Tprocessing_2 is not very clearly distinguished. This creates a problem when specifying the components for LTM. 
Partial or full MAC reset, re-establish RLC and perform data recovery with PDCP are controlled explicitly by the network. As the target of the LTM work is to minimize the interruption caused by the handover, we cannot treat the processing delays like in L3 HO. Already now, it can be observed that the RAN2 agreements about the delay components include LTM details, which have finer granularity than RAN4 discussion. Therefore, RAN4 should split Tprocessing_1 and T_processing_2 into finer components.  
[bookmark: _Toc118749185]RAN2 agreements about the Tprocessing_1 and Tprocessing_2 components include LTM details, which have finer granularity than RAN4 discussion. 
[bookmark: _Toc118749186]LTM processing delays are not based on legacy Tprocessing_1 an Tprocessing_2 component requirements
As mentioned in the agreement,  no security update needs to be considered as LTM is restricted to intra-CU (intra-DU or inter-DU) scenario. In this case the PDCP and RRC entities have minimal to no changes. This also means that UE has less tasks to perform, so the reconfiguration time may be faster. Furthermore, L2/3 reconfigurations can be minimized by keeping the same configuration for PDCP, RLC and MAC in intra-DU scenario. In inter-DU scenario the new target cell may have different configurations for RLC and MAC. In the best case, which is expected to be the intra-DU case, the target cell can reconfigure only the new C-RNTI which can save the entire L2/3 reconfiguration for the UE. 
RAN4 Requirements are currently specified for intra- or inter-frequency scenarios but to minimize the processing time, intra-DU and inter-DU scenarios should be considered independently by RAN4. 
[bookmark: _Toc118714897][bookmark: _Toc118749187]Intra-DU and Inter-DU scenarios requires differentiated processing for LTM in inter- and intra-frequency cases. 
[bookmark: _Toc118749188][bookmark: _Toc118714898]RAN4 to differentiate processing times for intra-DU and inter-DU scenarios. It is FFS how UE knows that LTM is intra-DU scenario
[bookmark: _Toc118749189]RAN4 to discuss how to specify delay requirements to account for L2 delay requirements for each user plane protocol layer.
T_cmd
	T_cmd
	Time for processing L1/L2-command (HARQ and parsing)



	RAN2 Agreements: 
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 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.




Based on the above agreement, the Tcmd processing is different for MAC CEs and DCI. The delay requirements should reflect this also in RAN4. Therefore, the existing L3 HO based Tcmd cannot be applied in LTM case. 
[bookmark: _Toc118749190]RAN4 to specify delay requirements for MAC CE based cell switch command processing and DCI based cell switch command processing separately
Tsearch
	Tsearch
	Time required to search the target cell



	RAN2 Agreements
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




Tsearch as indicated in refers to the time requires to search for the target cell. After the MAC-CE cell switch trigger from DU is sent to UE, the following condition is specified in current 3GPP for the value of Tsearch:
· 0 ms if the cell is known;
· up to 60 ms if the cell is not known. 
[bookmark: _Toc118749191]Tsearch is assumed to be 0 under certain conditions
Tmargin & TΔ Fine Time tracking
	Tmargin
	Tmargin is the time for SSB post-processing and can be up to 2 ms.


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



Fine timing tracking procedure is still needed for LTM, and RAN1 is currently progressing on TRS tracking. Therefore, fine time tracking can be left FFS. 
[bookmark: _Toc118749192]Fine time tracking is FFS and waits for RAN1 progress
TIU & TRAR
	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).


	TRAR
	Time for RAR delay



In the current RAN4 as well as RAN2 service interruption time definition, the time for UL synchronization is always included. When RACH-LESS procedure is possibly executed, a different delay component is present from the current RACH delay component. 
[bookmark: _Toc118749193]RACH and RACH-less delays are defined in different delay components
T_first-data
	T_first-data
	Time for UE performs the first DL/UL reception/ transmission on the indicated beam of the target cell, after RAR


[bookmark: _Toc118749194]RAN4 to discuss if Tfirst-data is within the RAN4 scope. 
[bookmark: _Toc118722589][bookmark: _Toc118728811][bookmark: _Toc116995848]Conclusion
This contribution analyzed various aspects of NR_Mob_enh2-core requirements for Lower Layer Mobility.
The following observations and proposals were made: 
Observation 1: Cell change interrupt related to a cell change by LTM should aim at being significantly shorter than existing interrupt due to L3 handover to enable gains from LTM over existing L3 mobility.
Proposal 1: LTM cell switch interruption time should be minimized, and upper limit should be agreed not to exceed the existing L3 HO interruption time. The target should be to be as close to a beam switch delay as possible.
Proposal 2: The starting point of LTM delay requirements is the time when UE receives the RRC LTM configuration
Proposal 3: The starting point of LTM switch command delay improvements is the time when UE receives the LTM switch command (either MAC CE or DCI)
Proposal 4: RRC UE processing requirements are analysed further to understand if RRC configuration can be performed before LTM switch command
Observation 2: RAN2 agreements about the Tprocessing_1 and Tprocessing_2 components include LTM details, which have finer granularity than RAN4 discussion.
Proposal 5: LTM processing delays are not based on legacy Tprocessing_1 an Tprocessing_2 component requirements
Observation 3: Intra-DU and Inter-DU scenarios requires differentiated processing for LTM in inter- and intra-frequency cases.
Proposal 6: RAN4 to differentiate processing times for intra-DU and inter-DU scenarios. It is FFS how UE knows that LTM is intra-DU scenario
Proposal 7: RAN4 to discuss how to specify delay requirements to account for L2 delay requirements for each user plane protocol layer.
Proposal 8: RAN4 to specify delay requirements for MAC CE based cell switch command processing and DCI based cell switch command processing separately
Proposal 9: Tsearch is assumed to be 0 under certain conditions
Proposal 10: Fine time tracking is FFS and waits for RAN1 progress
Proposal 11: RACH and RACH-less delays are defined in different delay components
Proposal 12: RAN4 to discuss if Tfirst-data is within the RAN4 scope.
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