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[bookmark: _Toc116995841]Introduction
RAN4 received an LS on RAN2 agreements about L1/L2-triggered mobility (LTM) [1]. This paper discusses the RAN4 impact on general aspects and scenarios of 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.



Table 1: RAN2 Agreements
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	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.




RAN2 has adopted a new terminology for L1/L2 based inter-cell mobility. The work is now referred as L1/L2 triggered mobility. RAN2 has also clarified that the MAC CE or DCI based trigger is called “cell switch”, or more specifically LTM cell switch. It is proposed that RAN4 will align terminology with RAN2. 
[bookmark: _Toc118741743]RAN4 to adopt LTM, cell switch, and subsequent LTM terminology to align with RAN2. 
RAN2 agreements
Figure 1 illustrates the current RAN2 agreements from the RAN2 LS [1]. It considers the signaling between UE, source DU and target DU. This section provides and overview of the agreements in the context of UE and network signaling. 


[bookmark: _Ref118560137]Figure 1: LTM RAN2 agreements

The numbers (1-17) describe the sequence, and the corresponding RAN2 agreement is captured below the number. Some of the agreements may have mapping to multiple sections. 
1. No security update support in Rel-18
· No security update support in Rel-18 with L1/L2 based mobility.
2. L3 measurement report 
3. RRC Reconfiguration
· RAN2 assumes RACH resource for CFRA for L1 L2 dynamic switch may be provided in RRC configuration (or potentially by MAC CE FFS). 
· 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.

4. FFS ASN.1 decoding & validity check
· 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. 
5. LTM Preparation (intra-frequency / inter-frequency)
· A L1/L2 inter-cell mobility candidate (target) configuration is received within an RRC message before the L1/L2 dynamic switch is triggered.
· 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. 
· 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.

6. RRC Reconfiguration complete
7. FFS: DL synchronization to candidate/target
· 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.
8. FFS: TRS tracking and CSI measurement of candidate/target
· R2 assumes that the following items may be discussed by RAN1 and RAN4 (and may be scenario specific): 
· Whether to support of performing TRS tracking and CSI measurement of candidate/target cell before/by cell switch command
9. L1 Measurement Report
· 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). 
10. Serving Cell Change decision 
11. LTM cell switch (MAC CE with candidate config idx or DCI based)
· Use the term “cell switch” for the procedure of triggering change of cells via the LTM feature
· 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).
· 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 
· 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.

12. (conditional) MAC/RLC reset (intra / inter)
· [bookmark: _Hlk118649104]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 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.

13. If inter-frequency, perform RF retuning and Base band retuning: 
· 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 
14. Random access to target DU
15. Random access response
16. RACH-less is FFS
· (14. – 16) 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. 

17. Subsequent LTM 
· RAN2 assumes that sequential L1L2 cell change between Candidates without RRC reconfiguration can be supported. 


[bookmark: _Toc118741744] RAN4 to assume that Figure 1 sequence diagram is the baseline for LTM discussions 

Analysis of RAN2 agreements
No security update
	RAN2 agreement:
No security update support in Rel-18 with L1/L2 based mobility.




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: _Toc118741745]Intra-DU and Inter-DU scenarios requires differentiated processing for LTM in inter- and intra-frequency cases. 
[bookmark: _Toc118741746]RAN4 to differentiate processing times for intra-DU and inter-DU scenarios. It is FFS how UE knows that LTM is intra-DU scenario
Intra- and Inter-frequency LTM 
	RAN2 agreement: 
· 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 




LTM requirements should be different from the L3 HO not only because of the above RAN2 agreement but also because the intended latency of the LTM is much lower and closer to the beam switch than L3 HO. For instance, some steps are not needed for some of the intra-frequency cases; these include RF retuning and baseband retuning. These are only needed for inter-frequency cases; therefore, the LTM requirements should consider intra- and inter-frequency differently.
[bookmark: _Toc118741747]RAN4 specifies LTM HO delay requirements for intra- and inter-frequency cases separately  
UE User Plane processing
	[bookmark: _Hlk118649651]RAN2 agreement: 
· 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.




Depending on the LTM scenario, the user place delay requirements are different. For instance, in intra-DU scenario, UE doesn’t need to perform as comprehensive MAC/RLC reset as in inter-DU scenario. Furthermore, the per layer indication can be signalled either via RRC, or MAC CE, which makes the “one size fits all” delay requirements inadequate. Therefore, L2 delay requirements needs to be specified per protocol layer (MAC / RLC / PDCP / RRC). 
[bookmark: _Toc118741748] RAN4 to discuss how to specify delay requirements to account for L2 delay requirements for each user plane protocol layer.

Scenarios
RAN2 has agreed that a support for the following scenarios is needed:
	RAN2 agreements: 
· For L1L2 mobility, Target Pcell/SCell can be current SCell/PCell, i.e., current SCell/PCell can be configured as candidates.
· 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. 
· 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.




Therefore, RAN4 should discuss about the UE requirement impact of the following scenarios and agree which can be supported by RAN4.  
· Target Pcell/SCell can be current SCell/PCell
· CA scenarios to support: 
· PCell change without SCell change
· PCell change with SCell change
· NR-DC scenarios to support: 
· At least PSCell change without MN involvement case, i.e. intra-SN
· LTM inter-frequency scenarios:
· Inter-freq scenarios in general should be supported 
· Mobility to inter-frequency cell that is not a current serving cell
· Support of inter-frequency L1 measurements

[bookmark: _Toc118741749]RAN4 to discuss scenario where Target Pcell/SCell can be current SCell/PCell
[bookmark: _Toc118741750]RAN4 to discuss CA scenario PCell change without SCell change and PCell change with SCell change
[bookmark: _Toc118741751]RAN4 to discuss (at least) NR-DC scenario PSCell change without MN involvement case, i.e. intra-SN
[bookmark: _Toc118741752][bookmark: _Toc118737729]RAN4 to discuss LTM inter-frequency scenario where Mobility to inter-frequency cell that is not a current serving cell. 


Conclusion
In the paper, the following Observations and Proposals were made:
Proposal 1: RAN4 to adopt LTM, cell switch, and subsequent LTM terminology to align with RAN2.
Proposal 2: RAN4 to assume that Figure 1 sequence diagram is the baseline for LTM discussions
Observation 1: Intra-DU and Inter-DU scenarios requires differentiated processing for LTM in inter- and intra-frequency cases.
Proposal 3: 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 4: RAN4 specifies LTM HO delay requirements for intra- and inter-frequency cases separately
Proposal 5: RAN4 to discuss how to specify delay requirements to account for L2 delay requirements for each user plane protocol layer.
Proposal 6: RAN4 to discuss scenario where Target Pcell/SCell can be current SCell/PCell
Proposal 7: RAN4 to discuss CA scenario PCell change without SCell change and PCell change with SCell change
Proposal 8: RAN4 to discuss (at least) NR-DC scenario PSCell change without MN involvement case, i.e. intra-SN
Proposal 9: RAN4 to discuss LTM inter-frequency scenario where Mobility to inter-frequency cell that is not a current serving cell.
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