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1 Introduction
In RP-221799 the WI on Further NR Mobility Enhancements is described.
The objectives of the WI regarding L1/L2 based inter-cell mobility as detailed in RP-221799 are as follows:
1. 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]
· Dynamic switch mechanism among candidate serving cells (including SpCell and SCell) for the potential applicable scenarios based on L1/L2 signalling [RAN2, RAN1]
· L1 enhancements for inter-cell beam management, including L1 measurement and reporting, and beam indication [RAN1, RAN2]
· Note 1: Early RAN2 involvement is necessary, including the possibility of further clarifying the interaction between this bullet with the previous bullet
· Timing Advance management [RAN1, RAN2]
· 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

In order to structure the work on Further NR Mobility Enhancements, we look into the main components and principles of the L1/L2 mobility and propose candidate solutions and correspondingly derive ways forward. We also identify important issues to consider as well as areas subject to impact. 

[bookmark: _Ref178064866]2	Discussion
2.1	Main components for L1/L2 based inter-cell mobility
As reference for the discussion in this document, below in Figure 1 we illustrate, on a very high level, the main components for L1/L2 based inter-cell mobility, including the main procedure parts and involved entities in a distributed RAN architecture. 
[bookmark: _Hlk110886950]In Figure 1, the UE has a current serving cell (referred to as the “source cell” in context of mobility), controlled by a serving gNB-DU (“serving DU” in the figure) and a gNB-CU (“CU” in the figure). Firstly, the configuration of candidate target cells for L1/L2 based inter-cell mobility takes place, during which candidate target cell(s) for L1/L2 mobility are configured. Each candidate target cell is controlled by a candidate gNB-DU (“candidate DU” in the figure).  During lower-layer measurement reporting the UE transmits measurement reports for the configured candidate target cells to the serving gNB-DU. During the execution of L1/L2 based inter-cell mobility serving cell change the UE switches the serving cell to a candidate target cell for L1/L2 mobility and connects to the candidate gNB-DU.



[bookmark: _Ref110594635]Figure 1. Main components for L1/L2 based inter-cell mobility

We believe that the above high-level view of the main procedures accurately depicts the basic steps for the specification of the L1/L2 based inter-cell mobility and therefore it should be adopted. Based on that we propose that RAN3 adopts it as baseline for further discussions.
[bookmark: _Toc110856279][bookmark: _Toc110935133]RAN3 to adopt the main components for L1/L2 based inter-cell mobility in this contribution as the baseline for further discussions.

Further below, we discuss additional details for each component of the overall procedure as well as additional aspects not covered by the above baseline procedure. 
2.2	Main principles for L1/L2 mobility
Before going into detailed solutions, we would like to address some important principles.

According to the WID, the scenarios to be supported by L1/L2 based inter-cell mobility include the following:
a. Standalone, CA and NR-DC
b. Intra-DU and Inter-DU/Intra-CU (no new RAN interfaces are specified)
c. Both intra-frequency and inter-frequency
d. Both FR1 and FR2
e. Source and target cells may be synchronized or non-synchronized
We acknowledge that the aim should be to support all these scenarios. As we move forward though there might be cases e.g. due to slow progress or if some scenario becomes unfeasible that we will need to down-prioritize some of these. As default a given solution should support all agreed scenarios. Specifying different solutions for different scenarios should be avoided and needs to be strongly motivated (e.g. by performance or complexity).
[bookmark: _Toc110935134]RAN3 should aim for a single solution for L1/L2 based inter-cell mobility to support all agreed scenarios.

For example, we think that the same solution should be used to support both the intra-DU and inter-DU cases.
In 3GPP systems, inter-cell mobility in RRC_CONNECTED is a network-controlled procedure. In NR, inter-cell mobility (up to Rel-17) is performed in the RRC layer (hence it may be called RRC-based) and is triggered when the UE receives an RRCReconfiguration message including the IE ReconfigurationWithSync (including parameters the UE requires to access the target cell). That RRCReconfiguration is applied by the UE and contains the configuration the UE requires to operate in the target cell, as generated by the target gNodeB. As part of the inter-cell mobility execution the UE also performs random access in the target cell (to synchronize the UL and receive a TA command in the Random Access Response) and transmits an RRCReconfigurationComplete (to synchronize the configurations with the target cell).
In our view, L1/L2 inter-cell mobility should follow some similar principles as RRC-based mobility i.e. it is network controlled and triggered based upon the reception of a message from the network (we see no reason to deviate from that at the moment). 

[bookmark: _Toc110935135]L1/L2 based inter-cell mobility is a network-controlled procedure.

2.3	Configuration of candidate target cells for L1/L2-based inter-cell mobility 
2.3.1	Procedures for configuration
As in RRC-based inter-cell mobility, in L1/L2 inter-cell mobility the UE also needs a target configuration to operate in the target cell which may differ from the configuration of the source cell. As a L1/L2 signaling (like a MAC CE) is not suitable to carry a target cell configuration for L1/L2 inter-cell mobility, the UE needs to be pre-configured with the configuration of the target cell for L1/L2 inter-cell mobility which is needed in order to operate in the target cell.
Different models regarding how to represent the configuration of a candidate target cell for L1/L2 mobility in the UE are possible (e.g. RRCReconfiguration, CellGroupConfig, ServingCellConfig). Based on the above it is possible to agree that the UE receives a candidate target configuration as part of the RRC configuration of L1/L2 based inter-cell mobility (e.g. RRCReconfiguration), before it is able to receive the L1/L2 signaling indicating the execution of L1/L2 based inter-cell mobility. 
It seems also reasonable to assume that the UE may be configured with more than one target candidate cell for L1/L2 inter-cell mobility. Otherwise, there may be a lot of RRC signaling to configure and reconfigure the UE, to add and release target cell candidates for L1/L2 inter-cell mobility as the UE moves within a certain coverage area. We expect that RAN2 will take up these discussions.
In the following as RAN3 we elaborate more on the procedures for configuring the candidate cells.
In a distributed RAN architecture, there can be two different cases for the configuration. One case concerns the configuration of an intra-DU candidate target cell and the second concerns the configuration of an inter-DU candidate target cell.
The procedure for configuration of an intra-DU candidate target cell is illustrated in Figure 2. 

[image: ]
[bookmark: _Ref110336632]Figure 2. Configuration of intra-DU candidate target cell for L1/L2 based inter-cell mobility

As we can see in the figure, the procedure reuses the existing signalling and on high level comprises of the following steps.
Step1 	The UE which is capable of L1/L2 inter-cell mobility sends a Measurement Report including one or more measurements of one or more cells, which may become L1/L2 inter-cell mobility candidate cells.
Step2 	The gNB-DU which receives the Measurement Report includes the Measurement Report in an UL RRC MESSAGE TRANSFER message to the gNB-CU and sends to the gNB-CU, to convey the received Measurement Report.
Step3 	The gNB-CU sends a UE Context Modification Request message to the gNB-DU, indicating a request for the gNB-DU to configure the UE with L1/L2 based inter-cell mobility. 
Step4 	Upon reception of the UE Context Modification Request if the gNB-DU accepts the request for configuring L1/L2 inter-cell mobility for the UE, the gNB-DU sends a UE Context Modification Response message to the gNB-CU including the configuration of the L1/L2 mobility candidate target cell.
Step5 	Upon reception of the UE Context Modification Response message the gNB-CU transmits to the gNB-DU a DL RRC Message Transfer message comprising an RRC Reconfiguration to be transmitted to the UE
Step6 	The gNB-DU transmits to the UE the RRC Reconfiguration message for configuring the one or more L1/L2 inter-cell mobility candidates. 
Step 7	The UE sends RRCReconfigurationComplete message to the gNB-DU.
Step 8.	The gNB-DU encapsulates the RRC message in the UL RRC MESSAGE TRANSFER message and sends it to the gNB-CU. The gNB-CU receives the message and considers the UE configured with L1/L2 inter-cell mobility.

[bookmark: _Toc110935136]The configuration of a candidate target cell for L1/L2 mobility is initiated by the gNB-CU.

The procedure for configuration of an inter-DU candidate target cell is illustrated in Figure 3. 
[image: ]
[bookmark: _Ref110336675]Figure 3. Configuration of inter-DU candidate target cell for L1/L2 based inter-cell mobility 

As we can see in the figure, the procedure on high level comprises of the following steps.
Step1 	The UE which is capable of L1/L2 inter-cell mobility sends a Measurement Report to the serving gNB-DU including one or more measurements of one or more cells, which may become L1/L2 inter-cell mobility candidate cells.
Step2 	The serving gNB-DU includes the Measurement Report in an UL RRC MESSAGE TRANSFER message to the gNB-CU and sends to the gNB-CU, to convey the received Measurement Report.
Step3 	The gNB-CU sends a UE Context Setup Request message to the candidate gNB-DU to create a UE context and indicating a request to the candidate gNB-DU to configure the UE with L1/L2 based inter-cell mobility. 
Step4 	Upon reception of the UE Context Modification Request if the candidate gNB-DU accepts the request for configuring L1/L2 inter-cell mobility for the UE, the candidate gNB-DU sends a UE Context Setup Response message to the gNB-CU including the configuration of the L1/L2 mobility candidate target cell.
Step5 	Upon reception of the UE Context Setup Response message the gNB-CU transmits to the serving gNB-DU a DL RRC Message Transfer message comprising an RRC Reconfiguration to be transmitted to the UE
Step6 	The serving gNB-DU transmits to the UE the RRC Reconfiguration message for configuring the one or more L1/L2 inter-cell mobility candidates. 
Step 7	The UE sends RRCReconfigurationComplete message to the serving gNB-DU.
Step 8.	The serving gNB-DU encapsulates the RRC message in the UL RRC MESSAGE TRANSFER message and sends it to the gNB-CU. The gNB-CU receives the message and considers the UE configured with L1/L2 inter-cell mobility.

So in the case of the configuration of an intra-DU candidate target cell, the UE Context Modification procedure is used, while in the case of the configuration of an inter-DU candidate target cell, the UE Context Setup procedure is used. Based on that we can make the following proposal.
[bookmark: _Toc110935137]In the case of the configuration of an intra-DU candidate target cell, the UE Context Modification procedure is used, while in the case of the configuration of an inter-DU candidate target cell, the UE Context Setup procedure is used.

2.5	Execution of L1/L2-based inter-cell mobility serving cell change
One of the overall goals of L1/L2 based inter-cell mobility is to reduce latency and interruption time. Therefore, upon the UE receiving the lower layer signal to trigger a L1/L2 mobility serving cell change, the UE needs to shortly be able to transmit UL data or SR, and/or monitor PDCCH in the target cell. This in turn would typically require that the UE needs to know the target cell it moves to, so it applies the corresponding configuration, and the corresponding TCI state. 
From the network perspective, when the serving gNB-DU transmits the lower layer signal to trigger a L1/L2 mobility serving cell change to the UE, the candidate/target gNB-DU needs to be prepared to receive signals from the UE and/or to schedule the UE shortly.
There are a few key issues to consider and discuss that affects the signalling procedure for execution of L1/L2 mobility serving cell change.
1) [bookmark: _Hlk110247737]When receiving the lower layer signal to trigger a L1/L2 mobility serving cell change, how does the UE know the target cell it moves to including the target cell TCI state. 
2) When and how does the UE establish time alignment to the target cell including how to determine whether to perform random access in the target cell. 
3) Which node triggers and decides upon the L1/L2 mobility serving cell change and related parameters and state information which only can be transferred upon execution. 
4) After the UE has performed the serving cell change, how to ensure data can be scheduled in the target without unnecessary delays. 

We see two main approaches for the signalling during the execution of L1/L2 mobility serving cell change. 

In approach 1, the serving gNB-DU decides about the execution, transmits the lower layer signal to the UE and only thereafter informs candidate/target gNB-DU (the terms candidate and target will be used interchangeably in the two approaches), via the gNB-CU, of the serving cell change. This approach is illustrated in Figure 4 below.

[image: ]
[bookmark: _Ref110248436][bookmark: _Hlk110248683]Figure 4. Approach 1 for execution of L1/L2 mobility serving cell change

As we can see in the figure, the procedure on high level comprises of the following steps:
Firstly, the network decides to trigger a L1/L2 mobility serving cell change to a candidate target cell.
Step1 	The serving gNB-DU transmits a lower layer signal to the UE to trigger the L1/L2 mobility serving cell change. The signal indicates a target cell for L1/L2 mobility.
Step2 	The serving gNB-DU sends a UE Context Modification Required message to the gNB-CU, indicating execution of L1/L2 based inter-cell mobility to the target cell. The serving gNB-DU stops transmitting DL data and transmits a DL data delivery status frame to the gNB-CU to inform about the unsuccessfully transmitted downlink data.
Step3 	The gNB-CU sends a UE Context Modification Request message to the candidate gNB-DU, indicating execution of L1/L2 based inter-cell mobility to the target cell.
Step4 	Upon reception of the UE Context Modification Request the candidate gNB-DU sends a UE Context Modification Response message to the gNB-CU. 
Step5 	The gNB-CU sends a UE Context Modification Confirm message to the serving gNB-DU 
After that the UE stops transmitting uplink packets, changes to the target cell and starts to monitor beams in the target cell. The UE also applies/switches to the corresponding L1/L2 mobility candidate target cell configuration used to operate with the target cell.
Step6 	The UE transmits an uplink signal to the target gNB-DU indicating its C-RNTI for target cell. The gNB-DU is now able to schedule the UE in the target cell and the UE starts to transmit uplink packets. 
Step 7	The target gNB-DU transmits a DL data delivery status frame, to inform the gNB-CU. Downlink packets, which may include PDCP PDUs not successfully transmitted in the source gNB-DU, are sent from the gNB-CU to the UE through the target gNB-DU.

In this approach, the target cell and beam are determined by the serving gNB-DU. Also, the candidate/target gNB-DU becomes aware that the UE is coming and in which UL direction (beam) based on information from the serving gNB-DU. However, due to uncertainty in network delays between the serving gNB-DU, the gNB-CU and the candidate/target gNB-DU (especially for the inter-DU case), it may be hard for the candidate/target gNB-DU to know exactly when UE can be scheduled, unless it receives some indication from the UE, illustrated by the “UL signal” in the signalling flow.

In approach 2, the serving gNB-DU first requests the candidate/target gNB-DU, via the gNB-CU, that a L1/L2 mobility serving cell change is required, and the candidate/target gNB-DU makes a final decision about target cell/beam including the TCI state and/or SSB index. Only thereafter the serving gNB-DU creates and transmits the lower layer signal to the UE. This approach is illustrated in Figure 5 below.
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[bookmark: _Ref110248712]Figure 5. Approach 2 for execution of L1/L2 mobility serving cell change

As we can see in the figure, the procedure on high level comprises of the following steps:

Firstly, the network decides to trigger a L1/L2 mobility serving cell change to a candidate target cell.
Step1 	The serving gNB-DU sends a UE Context Modification Required message to the gNB-CU, indicating execution of L1/L2 based inter-cell mobility to the target cell. The serving gNB-DU stops transmitting DL data and transmits a DL data delivery status frame to the gNB-CU to inform about the unsuccessfully transmitted downlink data. 
Step2 	The gNB-CU sends a UE Context Modification Request message to the candidate gNB-DU, indicating execution of L1/L2 based inter-cell mobility to the target cell. 
Step3 	Upon reception of the UE Context Modification Request the candidate gNB-DU sends a UE Context Modification Response message to the gNB-CU 
Step4 	The gNB-CU sends a UE Context Modification Confirm message to the serving gNB-DU 
Step5 	The serving gNB-DU prepares lower layer signal based on information from candidate gNB-DU and then the serving gNB-DU transmits a lower layer signal to the UE to trigger the L1/L2 mobility serving cell change. The signal indicates a target cell for L1/L2 mobility. 
After that the UE stops transmitting uplink packets, changes to the target cell and starts to monitor beams in the target cell. The UE also applies/switches to the corresponding L1/L2 mobility candidate target cell configuration used to operate with the target cell.
Step6 	The UE transmits an uplink signal to the target gNB-DU indicating its C-RNTI for target cell. The gNB-DU is now able to schedule the UE in the target cell and the UE starts to transmit uplink packets. 
Step 7	The target gNB-DU transmits a DL data delivery status frame, to inform the gNB-CU. Downlink packets, which may include PDCP PDUs not successfully transmitted in the source gNB-DU, are sent from the gNB-CU to the UE through the target gNB-DU.

In approach 2, the candidate/target gNB-DU has the last say about the execution and related target cell parameters, but it may not know when the UE performs the switch since it is up to the serving gNB-DU when to transmit the lower layer signal to the UE. Also in this approach, the UL signal from the UE would be an indication for the candidate/target gNB-DU to start scheduling the UE. 
In Annex we also provide a text proposal to 38.300.
We think that while many of the details of the procedure for the execution of L1/L2 mobility serving cell change need to be discussed further, the following principle can be established as easy agreement, reflected by the proposal:
[bookmark: _Toc110935138]RAN3 to discuss the different approaches for execution of L1/L2 mobility serving cell change, including which network node (serving gNB-DU or candidate gNB-DU) that decides upon execution.
2.6	Impact on RAN3
We think it is important that RAN3 and the other WGs to coordinate from the beginning to avoid specifying two different solutions for the same objective. In general, the topics to focus on for RAN3 are as follows.
RAN3:
· Inter-node signaling for the intra-DU and inter-DU cases:
· Configuration of candidate target cells
· Execution of serving cell change
· including also the following aspects 
· Which node decides during configuration and execution
· Single vs multiple F1AP procedures for configuration of multiple candidate cells

A draftCR to TS 38.401 capturing signaling flows for configuration and execution of L1/L2 mobility is provided in [2].
[bookmark: _Toc110894134][bookmark: _Toc110935139]RAN3 to agree the CR to TS 38.401 in [2].

Conclusion

Based on the discussion in the previous sections we propose the following:

Proposal 1	RAN3 to adopt the main components for L1/L2 based inter-cell mobility in this contribution as the baseline for further discussions.
Proposal 2	RAN3 should aim for a single solution for L1/L2 based inter-cell mobility to support all agreed scenarios.
Proposal 3	L1/L2 based inter-cell mobility is a network-controlled procedure.
Proposal 4	The configuration of a candidate target cell for L1/L2 mobility is initiated by the gNB-CU.
Proposal 5	In the case of the configuration of an intra-DU candidate target cell, the UE Context Modification procedure is used, while in the case of the configuration of an inter-DU candidate target cell, the UE Context Setup procedure is used.
Proposal 6	RAN3 to discuss the different approaches for execution of L1/L2 mobility serving cell change, including which network node (serving gNB-DU or candidate gNB-DU) that decides upon execution.
Proposal 7	RAN3 to agree the CR to TS 38.401 in [2].
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Annex A: Text proposal to TS 38.300
[bookmark: _Toc46501993][bookmark: _Toc51971341][bookmark: _Toc52551324][bookmark: _Toc109153831]9.xx	L1/L2 based inter-cell mobility
[bookmark: _Toc20387981][bookmark: _Toc29376061][bookmark: _Toc37231952][bookmark: _Toc46502007][bookmark: _Toc51971355][bookmark: _Toc52551338][bookmark: _Toc109153846]9.xx.1	Overview

The following principles and limitations apply for L1/L2 based inter-cell mobility:
· The configuration and execution of L1/L2 based inter-cell mobility are both controlled by the network.
· The UE may be configured with one or multiple candidate target cells for L1/L2 based inter-cell mobility. 
· The UE transmits lower-layer measurement reports to the network for these configured candidate target cells. 
· The network triggers execution of L1/L2 based inter-cell mobility by transmitting a lower-layer signal, indicating a target cell, to the UE. 
· Only intra-gNB mobility is supported.


9.xx.2	L1/L2 based inter-cell mobility


[image: ]
Figure 9.xx.2-1. Procedure for L1/L2 based inter-cell mobility

The configuration and execution of L1/L2 based inter-cell mobility are both performed within a single gNB and without involvement of the 5GC.
1. The UE sends a MeasurementReport message to the gNB.
2. The gNB transmits an RRCReconfiguration message to the UE to configure one or multiple candidate target cells for L1/L2 based inter-cell mobility.
3. The UE stores the configuration of L1/L2 mobility candidate target cell(s) and transmits a RRCReconfigurationComplete message to the gNB.
4. The UE performs lower layer measurements and transmits lower-layer measurement reports on the configured L1/L2 mobility candidate target cell(s) to the gNB.
5. The gNB decides to trigger execution of L1/L2 mobility serving cell change to a target cell.
6. The gNB transmits a lower layer signal, indicating a target cell, to the UE.
7. The UE stops transmitting uplink packets, changes to the target cell and starts to monitor beams in the target cell. The UE also applies/switches to the corresponding L1/L2 mobility candidate target cell configuration used to operate with the target cell.
8. The UE transmits an uplink signal to the target gNB indicating its C-RNTI for target cell. The gNB is now able to schedule the UE in the target cell and the UE starts to transmit uplink packets.
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