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1	Introduction
[bookmark: _Toc474247438]In regard to L1/L2 centric mobility, a new Work Item has been approved (RP-221799 Further NR Mobility Enhancements), including the following related objectives and scope impacting RAN3:
	“To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
· Configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells [RAN2, RAN3]
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]
· Note 2: FR2 specific enhancements are not precluded, if any.
· Note 3: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:
· Standalone, CA and NR-DC case with serving cell change within one CG
· Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)
· Both intra-frequency and inter-frequency
· Both FR1 and FR2
· Source and target cells may be synchronized or non-synchronized “


This paper discusses L1/L2 centric mobility with the aforementioned scope, the basic required mobility procedures and its potential impact to the disaggregated gNB architecture signalling.

2	L1/L2 Centric Mobility Procedures Overview
Under the existing mobility framework, the procedures for handover between cells are decided at Layer 3 (i.e. via RRC). Likewise, the configuration required for the UE to carry out the handover procedure can be provided to the UE at the time when the mobility becomes necessary (e.g., received signal levels reaching certain threshold), or a priori, as in the case of Conditional Handover (CHO).
In contrast, in case of L1/L2 inter-cell mobility, the decision for handover between cells is expected to take place at the lower L1/L2 layers. Thus, in case of disaggregated gNB architecture, the mobility decisions will take place at the gNB-DU, rather than at the gNB-CU (as in L3 based mobility). As a result, there is an expected potential benefit in regard to faster mobility, as triggers for changing between one cell and another can be based on beam level L1 measurements received directly at the gNB-DU and dictated via MAC CE, and without having to traverse the F1 interface toward the gNB-CU.
In regard to signalling, we expect the L1/L2 inter-cell mobility mechanism to incur some changes to signalling over the F1 interface. For instance, signalling will be needed to support the gNB-CU to configure the gNB-DU in advance to track L1 measurements from the UE and be able to issue commands to change from one cell to another accordingly. Similarly, the gNB-CU may need to update or remove handover related configurations at the gNB-DU. Additionally, some considerations may be needed in regard to data forwarding (e.g., for mobility between cells served by different gNB-CU-UPs) to ensure mobility without data loss. 

Figure 1. Overall architecture for separation of gNB-CU-CP and gNB-CU-UP (source: 3GPP TS 38.401)

2.1	L1/L2 Centric Mobility functions and Handover phase split
As mentioned above, L1/L2 centric mobility requires the provision of the target cell configurations in advance. From a high level, the handover procedure is split in three phases, namely Preparation, Execution, and Completion. Each phase is described below:
· Preparation Phase: 
· The gNB-CU takes decision (e.g., based on L3 measurements from the UE) to configure mobility parameters to the UE and gNB-DU(s) for target candidate cell(s) in advance.
· Execution Phase
· The gNB-DU receives L1 measurements from the UE and triggers change of cell directly to the UE.
· Completion Phase
· Path switch toward the new cell takes place.

Observation 1: L1/L2 centric mobility requires the provision of the target cell configurations to the UE in advance.

Figure 2 provides a draft, high-level view of the handover phases for an inter-cell intra-gNB inter-gNB-DU mobility scenario is depicted in Figure 1 and described below. 




[bookmark: _Ref108785923]Figure 2. L1/L2 Inter-gNB-DU Inter-Cell Mobility Overview


Preparation Phase
· 1. The UE sends a MeasurementReport message to the Source gNB-DU containing the cell quality measurements of serving and neighboring cells. 
· 2. The source gNB-DU sends an UL RRC MESSAGE TRANSFER message to the gNB-CU to convey the received MeasurementReport message. 
· 3. Based on the reported cell quality measurements, the gNB-CU identifies a potential set of candidate target cells to which the UE can be handed over to. The target cells may be served by the existing Source gNB-DU or a different Candidate gNB-DU.
· Note: In this example, the gNB-CU identifies candidate target cells that are served by a separate Candidate gNB-DU. 
· 4. The gNB-CU requests the preparation of a candidate target cell controlled by Candidate gNB-DU by sending UE CONTEXT SETUP REQUEST message indicating to create a UE context and setup one or more data bearers.
· 5. The Candidate gNB-DU responds to the gNB-CU with a UE CONTEXT SETUP RESPONSE message including the configuration for the UE at the target candidate cell.
· Note: The configuration may include UE specific and non-UE specific parts.
· 6. The gNB-CU, having received the UE configurations for the candidate target cell(s), generates the required RRC Reconfiguration and L1/L2 mobility configuration. 
· 7. The gNB-CU sends a UE CONTEXT MODIFICATION REQUEST message to the Source gNB-DU indicating information regarding the L1/L2 mobility configuration for the target candidate cells (e.g., TCI states).
· Note: In this example, it is assumed that L1/L2 mobility configuration takes place via a UE associated procedure.
· 8. The Source gNB-DU responds to the UE with a UE CONTEXT MODIFICATION RESPONSE message.
· 9. The gNB-CU sends a DL RRC MESSAGE TRANSFER message to the Source gNB-DU, which includes a generated RRCReconfiguration message.
· Note: Among other information, the RRC Reconfiguration message is expected to contain measurement reporting configuration for carrying out L1/L2 handover. That is, e.g., configuration on how to report the L1 beam measurements of the serving and target cells to the gNB-DU, and configuration of the prepared candidate cell(s) which the UE needs to execute when it receives a MAC CE command to change the serving cell (i.e. perform handover).​
· 10. The Source gNB-DU forwards the received RRCReconfiguration message to the UE.
· 11-12. The UE responds to the source gNB-DU with an RRCReconfigurationComplete message, and which the Source gNB-DU forwards to the gNB-CU via an UL RRC MESSAGE TRANSFER message. 

Execution Phase
· 13. The UE starts to report the L1 beam measurement of serving and candidate target cells.​
· 14. The Source gNB-DU determines that L1/L2 based mobility to a different cell is needed
· 15. The Source gNB-DU triggers the UE to change from the current source cell to the target candidate cell (e.g., via sending a MAC Control Element (MAC CE) command, or some other L1 message). 
· 16. A Random Access procedure is performed at the Candidate gNB-DU.
· Note: Both RACH and RACH-less approaches should be considered.
· 17. The UE executes handover from the serving cell to the target cell and sends an RRCReconfigurationComplete message to Candidate gNB-DU.
· 18. The Candidate gNB-DU sends an UL RRC MESSAGE TRANSFER message to the gNB-CU to convey the received RRCReconfigurationComplete message.

Completion Phase
· 19. The gNB-CU sends a UE CONTEXT MODIFICATION REQUEST message to the source gNB-DU and indicates to stop the data transmission for the UE. The source gNB-DU also sends a Downlink Data Delivery Status frame to inform the gNB-CU about the unsuccessfully transmitted downlink data to the UE. Downlink packets, which may include PDCP PDUs not successfully transmitted in the Source gNB-DU, are sent from the gNB-CU to the Candidate gNB-DU.
· 20. The Source gNB-DU responds to the gNB-CU with the UE CONTEXT MODIFICATION RESPONSE message. 
· 21. The gNB-CU sends an UE CONTEXT RELEASE COMMAND message to the source gNB-DU.
· 22. The source gNB-DU releases the UE context and responds the gNB-CU with an UE CONTEXT RELEASE COMPLETE message.

Proposal 1: The L1/L2 inter-cell mobility scenarios cover both (a) Intra-gNB-CU Intra-gNB-DU inter-cell mobility and (b) Intra-gNB-CU Inter-gNB-DU inter-cell mobility, and which RAN3 should derive corresponding signaling sequences.
Proposal 2: Adopt the Intra-gNB-CU Inter-gNB-DU inter-cell sequence proposed as basis, with details to be FFS.
Proposal 3: The gNB-CU takes decision (e.g., based on L3 measurements from the UE) to configure mobility parameters to the UE and gNB-DU(s) for target candidate cell(s) in advance.
Proposal 4: The timing and whether the configuration of L1/L2 mobility at a gNB-DU is carried out via UE-associated or non-UE associated procedures is FFS. 
Proposal 5: The timing and whether the configuration of L1/L2 mobility at the old Source gNB-DU is released or preserved (e.g., to avoid configuring the same information if UE returns to previous cell) is FFS. 


2.2	Considerations of Inter-Cell Beam Management (ICBM)
One possible alternative for L1/L2 centric mobility would be to extend the Rel-17 framework for ICBM. In this case, it could be assumed that the UE firstly executes ICBM toward a beam on a different cell and only afterwards, when the UE is successfully utilizing a beam from the target cell, have the inter-cell change take place.
Although we believe this is ultimately a RAN2 decision, there are some aspects that can be highlighted from a RAN3 perspective. 
The Rel-17 ICBM framework specified was focused only on intra-gNB-DU scenarios. This had benefit of a simplified approach without any RAN3 impacts, as the feature was designed in such way that the ICBM operation itself is transparent to the gNB-DU and operates without F1AP interface changes. However, a gNB-DU transparent approach with no F1AP changes will not be in our view feasible for the L1/L2 inter-cell mobility. Hence, we see no need to inter-link the behaviour and configuration at the UE and gNB-DU of these two features.
Further, the Rel-18 work item description for enhancements for L1/L2 inter-cell mobility did not make any indication of intention to extend ICBM to act as a pre-stage to the L1/L2 inter-cell handover. Instead, what is indicated is that ICBM reporting may be enhanced. Thus, we understand that ICBM in case of inter-gNB-DU cell change as being out of scope of the work item description.
Therefore, we propose that RAN3 agrees that ICBM is not assumed or considered as a prerequisite for L1/L2 inter-cell mobility in its specification work, and that RAN3 liaises with RAN2 indicating this preference. 
Observation 2: The Rel-18 did not indicate in its scope intention to extend the ICBM functionality to operate also for Inter-gNB-DU scenarios. 
Proposal 6: RAN3 to Liaise and indicate to RAN2 that ICBM is not assumed as a pre-requisite for L1/L2 inter-cell mobility procedures. 

2.3	L1/L2 Centric Mobility Candidate Target Cell Configuration and Update
The premise in which L1/L2 inter-cell mobility operates requires configuration and preparation of candidate target cells at either the same Source gNB-DU (mobility to a cell within the same gNB-DU), as well as at a separate Candidate gNB-DU (mobility to a cell within a separate gNB-DU). In both cases, the mobility is expected to occur within the same gNB-CU (i.e. intra-gNB mobility), as described in the Rel-18 work item.
Thus, we foresee there needs to be a mechanism specified at RAN3 over F1 (and possibly E1) level to
· Prepare and configure a candidate target cell and resources prior to inter-cell mobility
· Update the configuration of a candidate target cell prior to inter-cell mobility
· Release the configuration of a candidate target cell prior, or after inter-cell mobility
Note: The timing for configuration removal, as well as whether this action is carried out after every cell change needs further evaluation/discussion.
The configuration of the candidate target cell may not be limited only to radio resources, but also toward user-plane connectivity and transport resources with the gNB-CU-UP. For instance, if the candidate target cell at the Candidate gNB-DU is linked to different gNB-CU-UP(s) than that of the serving cell at the Source gNB-DU, we would expect to have E1 interface impacts to prepare the bearer resources at the new gNB-CU-UP, or update and release them. Likewise, similarly, data forwarding tunnels may need to be setup accordingly to avoid data loss. How, and at what timing the data forwarding are setup and taken into use should also be subject for discussion in RAN2. 
Likewise, an additional matter that RAN3 should consider is in regard to how to retrieve and configure L1 measurements. For the L1/L2 inter-gNB-DU inter-cell mobility, it is likely that the L1 measurements are sent by the UE only to the Source gNB-DU, which based on these takes decision to trigger a cell change. However, in the inter-gNB-DU scenario, the Source gNB-DU may not be aware of the Channel State Information (CSI) and Transmission Configuration Information (TCI) State configuration at the Candidate gNB-DU where the target candidate cells are hosted. Hence, it is possible that some level of query, report, and exchange of information takes place between gNB-DUs and the gNB-CU to coordinate these configurations.
Proposal 7: Information regarding L1/L2 mobility configuration provided to a gNB-DU can be setup, updated, or removed. Whether existing messages or new ones are utilized is FFS.
Proposal 8: A gNB-CU-CP may need to provide information over E1 to a gNB-CU-UP to setup, update, or remove resources. Whether existing messages or new ones are utilized is FFS. 
Proposal 9: The L1/L2 inter-cell mobility scenarios should account for cases where the gNB-CU-UP changes as a result of the inter-cell change.
Proposal 10: How, and at what timing the data forwarding are setup and taken into use is FFS. 


3	Conclusions

Observation 1: L1/L2 centric mobility requires the provision of the target cell configurations to the UE in advance.
Observation 2: The Rel-18 did not indicate in its scope intention to extend the ICBM functionality to operate also for Inter-gNB-DU scenarios. 
Proposal 1: The L1/L2 inter-cell mobility scenarios cover both (a) Intra-gNB-CU Intra-gNB-DU inter-cell mobility and (b) Intra-gNB-CU Inter-gNB-DU inter-cell mobility, and which RAN3 should derive corresponding signalling sequences.
Proposal 2: Adopt the Intra-gNB-CU Inter-gNB-DU inter-cell sequence proposed as basis, with details to be FFS.
Proposal 3: The gNB-CU takes decision (e.g., based on L3 measurements from the UE) to configure mobility parameters to the UE and gNB-DU(s) for target candidate cell(s) in advance.
Proposal 4: The timing and whether the configuration of L1/L2 mobility at a gNB-DU is carried out via UE-associated or non-UE associated procedures is FFS. 
Proposal 5: The timing and whether the configuration of L1/L2 mobility at the old Source gNB-DU is released or preserved (e.g., to avoid configuring the same information if UE returns to previous cell) is FFS. 
Proposal 6: RAN3 to Liaise and indicate to RAN2 that ICBM is not assumed as a pre-requisite for L1/L2 inter-cell mobility procedures. 
Proposal 7: Information regarding L1/L2 mobility configuration provided to a gNB-DU can be setup, updated, or removed. Whether existing messages or new ones are utilized is FFS.
Proposal 8: A gNB-CU-CP may need to provide information over E1 to a gNB-CU-UP to setup, update, or remove resources. Whether existing messages or new ones are utilized is FFS. 
Proposal 9: The L1/L2 inter-cell mobility scenarios should account for cases where the gNB-CU-UP changes as a result of the inter-cell change.
Proposal 10: How, and at what timing the data forwarding are setup and taken into use is FFS. 
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