3GPP TSG-RAN2 #119   	R2- 2208522
Electronic meeting, August, 2022

[bookmark: Source]Agenda item:		8.4.2.1 (NR_Mob_enh2-Core)
Source:	LG Electronics Inc.
Title: 	L1/L2 mobility scenarios and latency 
[bookmark: DocumentFor]Document for:	Discussion and Decision
1. Introduction
In this contribution, we discuss L1/L2 mobility scenarios and latency aspect.
2. Discussion 
2.1 L1/L2 mobility scenarios
The main purpose of L1/L2 mobility is to enable dynamic mobility (frequent mobility events) with minimal switching interruption/latency.
We define L1/L2 mobility as a procedure of changing at least one serving cell triggered by L1/L2 control signaling. The definition implies that L1/L2 mobility is executed immediately by L1/L2 control message and UE autonomous mobility similar to conditional mobility is not considered. 
To discuss L1/L2 mobility, we should clarify scenarios applicable for L1/L2 mobility. The first question is whether L1/L2 mobility is only applicable for PCell change (handover) or also applicable for PCell and SCell. The detailed procedure of L1/L2 mobility would be different depending on the concerned target scenario. 
Proposal 1: Clarify the target mobility scenarios for L1/L2 mobility
· Option1: PCell change only  
· Option2: PCell change as well as SCell management (addition/change/removal)  
We can classify the target mobility scenarios whether the new serving cell is coming from a non-serving cell or from an existing serving cell (M1 and M2 respectively below). For the case where the new serving cell is coming from a non-serving cell, the scenarios can be further classified into whether the new serving cell is coming from a cell corresponding to inter-cell TRP or not (M1a and M1b respectively below). We think the scenarios M1a, M1b, and M2 are all applicable for L1/L2 mobility. 
Proposal 2: L1/L2 mobility supports the following scenarios.  
· M1: Non-serving cell becomes a serving cell by L1/L2 mobility 
· M1a: [Intra-frequency] non-serving cell configured as inter-cell TRP becomes a new serving cell (PCell or SCell) by L1/L2 mobility 
· M1b: Intra- or inter-frequency non-serving cell not configured as inter-cell TRP becomes a new serving cell (PCell or SCell) by L1/L2 mobility.  
· M2: Existing SCell becomes a new PCell by L1/L2 mobility 

2.2 Latency of L1/L2 mobility
To execute the instructed change of a serving cell, UE should be provided with a target cell configuration for the new serving cell including both common configuration and dedicated configuration. Since L1/L2 mobility command cannot accommodate the cell configuration, we assume that the target cell configuration should be preconfigured prior to the execution of L1/L2 mobility. Based on the assumption, we outline the possible sequence of L1/L2 mobility procedure.  
1. Network provides the UE with a list of candidate target cell configuration as pre-configuration via RRC signaling. 
2. UE performs necessary actions for the candidate target cells, depending on our design objectives. 
3. Network decides to trigger L1/L2 mobility based on UE reporting (CSI report and/or RRM measurement report) and sends L1/L2 mobility command including a target cell ID to the UE.
· If the L1/L2 mobility command is for SCell management, the mobility command may need to further include other information (source cell ID, command type (addition/change/release), etc.)
4. UE applies the pre-configured target cell configuration corresponding to the target cell ID (and possibly other information as well in case of SCell management).
· Random access/MAC reset/other L2 sublayer actions may or may not be involved.

Pre-configuration step 
In the legacy network-controlled mobility, the network provides a target cell configuration within mobility command. For conditional mobility, one or more target cell configurations are preconfigured to the UE before execution of the conditional mobility.
For L1/L2 mobility, pre-configuration of target cell configuration to the UE is necessary because L1/L2 command cannot accommodate the signaling amount of target cell configuration as already mentioned above. Supporting of pre-configuration of more than one target cell configuration is beneficial for dynamic triggering L1/L2 mobility. 
Pre-configuration of target cell configuration prior to mobility initiation can save a larger fraction of RRC processing latency (around 10-15ms, depending on signaling type) that would be otherwise introduced during mobility.  
Observation 2: Pre-configuration of target cell configuration prior to mobility initiation can save a larger fraction of RRC processing latency (around 10-15ms, depending on signaling type)

UL timing synchronization 
When L1/L2 mobility occurs, if the UE does not know uplink timing (e.g., TA value) to apply to the target cell, the UE needs to perform UL synchronization process (RA) upon mobility. Trigging of the random access during L1/L2 switching will add up to tens of milliseconds of switching delay, depending on numerology and RA resource configuration. Random access delay is a dominant factor of entire L1/L2 mobility latency. 
Observation 3: If UL synchronization based random access is required upon L1/L1 mobility, it will add switching latency of up to tens of milliseconds (depending on numerology and RA resource configuration).  
Given the observation, it is important to reduce the time required for UL timing synchronization with candidate target cells. To reduce UL synchronization time upon L1/L2 mobility, RAN2 can discuss if UL timing synchronization for candidate target cell is feasible. 
For example, we can discuss whether UL timing synchronization prior to the switching is only possible for a cell already configured as mTRP being associated with a certain serving cell or whether UL timing synchronization prior to the switching is also possible for any non-serving cell being configured as candidates for L1/L2 mobility. 
We believe that Rel-18 feMob should aim at supporting UL timing synchronization based on TA management at least for inter-cell mTRP scenario, where UL timing on a non-serving cell TRP is not identical to that of a serving cell TRP. Note that TA management is already one of the target objectives in the feMob WID. TA management on a non-serving cell configured as inter-cell mTRP was already considered during the work of Rel-17 feMIMO but excluded due to limited time budget, but it has been included in Rel-18 feMob.
Observation 4: TA maintenance on non-serving cell configured as inter-cell TRP is beneficial to avoid L1/L2 mobility latency of tens of milliseconds ( and this seems to be already included as objective in WID).  
More interesting discussion is whether other scenarios than inter-cell mTRP should also aim at reduction of UL timing synchronization delay during/prior to L1/L2 switching. If L1/L2 mobility to a configured candidate cell that has not been configured as mTRP can benefit from the reduced UL timing synchronization latency, the performance of a wide range of mobility scenarios would be enhanced. To this end, one approach would be to support L1/L2 switching involving contention-free random access to a target cell. Another approach would be to extend applying UL timing synchronization also to a candidate cell so that L1/L2 mobility to that cell can skip UL synchronization step during the mobility.  
Observation 5: If L1/L2 mobility to a configured candidate cell not configured as TRP can benefit from the reduced UL timing synchronization latency, the performance of a wide range of mobility scenarios would be enhanced.

Beam alignment 
In NR, mobility to a target cell also requires beam selection to use at the target cell, and the beam selection is done as part of random access executed during mobility. Upon L1/L2 switching, random access may be also required to align transmission beam between UE and the target cell. If beam selection based on random access is required upon L1/L2 mobility, it will add switching latency of tens of milliseconds, thereby reducing the merit of dynamic L1/L2 mobility. 
Observation 6: If beam selection based on random access is required upon L1/L2 mobility, it will add switching latency of tens of milliseconds (depending on numerology and RA resource configuration), thereby reducing the merit of dynamic L1/L2 mobility.
Given the observation, it is crucial to minimize beam alignment latency during L1/L2 mobility. 
We first consider the scenario where a candidate cell is a cell already configured as inter-cell TRP. Note that beam management is already working on the candidate cell. For instance, TRP-specific BFD and BFR accommodating inter-cell mTRP based on Rel-17 mechanism applies to the candidate cell. In addition, enhancements of CSI reporting to better support L1/L2 mobility in inter-cell mTRP scenarios may be introduced in Rel-18. This implies that L1/L2 mobility to the candidate cell already configured as inter-cell mTRP would not require random access merely for beam alignment during L1/L2 mobility, and hence no urgent RAN2 considerations for this scenario seem necessary for now. 
Next we consider the scenario where a candidate cell is a cell not configured as inter-cell TRP. If the target cell is one of serving cells, we can exploit the knowledge of the UE about activated TCI states of the concerned cell and UE’s CSI reporting with potential enhancements so that random access for beam alignment can be avoided during L1/L2 mobility. 
Observation 7: Reduction of UL timing synchronization with candidate target cell(s) not configured as inter-cell TRP during L1/L2 mobility should be pursued.  
Based on the observation3, 4, 5, 6, and 7, it is considered vital to support L1/L2 mobility without random access. RAN2 needs further discussion which scenarios are applicable. 
Proposal 3: L1/L2 mobility without random access for UL synchronization and beam selection is vital to reduce L1/L2 mobility latency. FFS which scenarios are applicable (e.g., mobility to an inter-cell TRP cell and/or any candidate cell, etc)
If the target cell is a non-serving cell and not configured as inter-cell TRP related to any serving cell, it is not straightforward how to achieve beam alignment with the target cell without random access because there is no activated TCI states available at the UE about the non-serving cells and CSI reporting is not performed for non-serving cells. If CSI reporting is extended in Rel-18 to support CSI measurement and reporting of reference signals of configured non-serving cell not configured as inter-cell TRP, random access for beam selection can be avoided during L1/L2 mobility to such configured non-serving cell. We suggest that RAN2 ask RAN1 the possibility to support RACH-less L1/L2 mobility for the scenario.    
Proposal 4: To ask RAN1 the possibility to support RACH-less L1/L2 mobility toward a target cell that is non-serving cell and not configured as inter-cell TRP. 
2.3 Extension of L1/L2 mobility
Given the above definition of the L1/L2 mobility and underlying functionalities for the L1/L2 mobility, RAN2 can consider supporting dynamic mobility based on RRC-based mobility command. The RRC-based dynamic mobility would have the same procedure as L1/L2 mobility only except for the signaling of mobility command (L1/L2 command vs RRC signaling).  
Proposal 5: RAN2 considers supporting dynamic mobility based on RRC-based mobility command, which has the same procedure as L1/L2 mobility only except for the signaling of mobility command (L1/L2 command vs RRC signaling)

3. Conclusion 
In this contribution, we discuss scenarios of L1/L2 mobility and latency aspect and suggest the following observations and proposals.
Proposal1: Clarify the target mobility scenarios for L1/L2 mobility
· Option1: PCell change only  
· Option2: PCell change as well as SCell management (addition/change/removal)  
Proposal2: L1/L2 mobility supports the following scenarios:
· M1: Non-serving cell becomes a serving cell by L1/L2 mobility 
· M1a: [Intra-frequency] non-serving cell configured as inter-cell TRP becomes a new serving cell (PCell or SCell) by L1/L2 mobility 
· M1b: Intra- or inter-frequency non-serving cell not configured as inter-cell TRP becomes a new serving cell (PCell or SCell) by L1/L2 mobility.  
· M2: Existing SCell becomes a new PCell by L1/L2 mobility 
Observation 2: Pre-configuration of target cell configuration prior to mobility initiation can save a larger fraction of RRC processing latency (around 10-15ms, depending on signaling type)
Observation 3: If UL synchronization based random access is required upon L1/L1 mobility, it will add switching latency of up to tens of milliseconds (depending on numerology and RA resource configuration).  
Observation 4: TA maintenance on non-serving cell configured as inter-cell TRP is beneficial to avoid L1/L2 mobility latency of tens of milliseconds (and this seems to be already included as objective in WID).  
Observation 5: If L1/L2 mobility to a configured candidate cell not configured as TRP can benefit from the reduced UL timing synchronization latency, the performance of a wide range of mobility scenarios would be enhanced.
Observation 6: If beam selection based on random access is required upon L1/L2 mobility, it will add switching latency of tens of milliseconds (depending on numerology and RA resource configuration), thereby reducing the merit of dynamic L1/L2 mobility.
Observation 7: Reduction of UL timing synchronization with candidate target cell(s) not configured as inter-cell TRP during L1/L2 mobility should be pursued.  
Proposal 3: L1/L2 mobility without random access for UL synchronization and beam selection is vital to reduce L1/L2 mobility latency. FFS which scenarios are applicable (e.g., mobility to an inter-cell TRP cell and/or any candidate cell, etc)
Proposal 4: To ask RAN1 the possibility to support RACH-less L1/L2 mobility toward a target cell that is non-serving cell and not configured as inter-cell TRP. 
Proposal 5: RAN2 considers supporting dynamic mobility based on RRC-based mobility command, which has the same procedure as L1/L2 mobility only except for the signaling of mobility command (L1/L2 command vs RRC signaling)
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