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1 Introduction
In the previous meeting the issue of L1/L2 based inter-cell mobility was discussed and some basic agreements were made. In this contribution we will further discuss the main components of the L1/L2 based inter-cell mobility and put forward our proposals.
2 [bookmark: _Ref178064866]Discussion
In the previous meeting the following agreements and FFS were captured:
Both intra- DU and intra-CU inter-DU scenarios are supported for L1/L2 mobility.
RAN3 will study the signaling impacts on below use cases following to RAN2 prioritization:
· Stand alone
· Carrier Aggregation (Change of PCell)
· NR-DC (Change of PCell at MN, Change of PScell at SN)
RAN3 will aim for a single solution for network signaling design on L1/L2 based inter-cell mobility to support all agreed scenarios. The details of solution are FFS.
WA: For intra-DU L1/L2 mobility, the existing F1AP procedure (e.g., F1AP UE CONTEXT MODIFICATION) is reused for handover configuration for inter-cell mobility.
RAN3 focuses on the network-controlled procedure for L1/L2 based inter-cell mobility.
The gNB-CU initiates the L1/L2 mobility configuration procedure. FFS on whether gNB-DU can also initiate the L1/L2 mobility configuration procedure.
It is not precluded gNB-DU initiates the L1/L2 mobility configuration procedure.
The configuration of candidate target cell(s) for L1/L2 mobility is initiated by the gNB-CU. Details are FFS.
It is not precluded the DU can suggest candidate target cell(s), etc. 
WA: RAN3 assumes that the UE sends the L1 measurement report to the gNB-DU and the gNB-DU triggers UE mobility to a target candidate cell. All details are up to RAN1 and RAN2 discussion.
FFS on how the gNB/gNB-DU detects the UE access and whether there is an F1 impact.
For intra-DU L1/L2 handover, whether and how to release the source cell/prepared cells’ resources in the gNB DU is FFS.
In the following we will look into the open points, analyse them and provide our views and proposals.

2.1	Configuration of L1/L2-based inter-cell mobility 

Firstly, we look into the L1/L2 mobility configuration procedure. As agreed in the meeting, the gNB-CU initiates the L1/L2 mobility configuration procedure. Also, in RAN2 the following agreement was made:
Assume that we rely on L1 measurements to trigger L1L2 mobility (still measurement for preparation could be L3, FFS)

It is evident that the main option for measurement regarding configuration is L3 measurements. In that case of course the gNB-CU receives these measurements and based on those can decide about which cells can be configured for L1/L2 mobility. This would be the most sensible way forward. In contrast to gNB-DU that has a localised view, gNB-CU has a wider picture of the mobility and the available cells, so it is better positioned to make informed decisions about the candidate cells. We fail to see the use case for which the gNB-DU would be needed to initiate the configuration procedure. So, we propose that we concentrate on the agreed scenario that the gNB-CU initiates the L1/L2 mobility configuration procedure.
[bookmark: _Toc115250141]Concentrate on the agreed scenario that the gNB-CU initiates the L1/L2 mobility configuration procedure.

Next, we investigate the below open points.
The configuration of candidate target cell(s) for L1/L2 mobility is initiated by the gNB-CU. Details are FFS.
It is not precluded the DU can suggest candidate target cell(s), etc. 
To that end, we provide a detailed analysis of the L1/L2 configuration, and we elaborate more on the procedures for configuring the candidate cells.
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. In the last meeting RAN2 agreed the following:

Current options on the table: to configure a L1/L2 inter-cell mobility candidate cell:
a.	One RRCReconfiguration message for candidate target cell
b.	One CellGroupConfig IE for each candidate target cell
c.	One SpCellConfig IE for each candidate target cell

 
Based on the above we can 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 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 1. 
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[bookmark: _Hlk114703175]Figure 1. 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: _Toc115250142]We propose to use the call flow in Figure 1 as baseline for configuration of intra-DU candidate target cell for L1/L2 based inter-cell mobility.

[bookmark: _Hlk114504876]In step 4 it is plausible to assume that the gNB-DU may have identified some cells for the L1/L2 mobility and correspondingly will send them as a suggestion to the gNB-CU so that the gNB-CU can take them under consideration. This could be realized by the gNB-DU initiating a UE Context Modification procedure.
[bookmark: _Toc115250143]The gNB-DU may have identified some cells for the L1/L2 mobility and correspondingly will suggest them to the gNB-CU so that the gNB-CU can take them under consideration.


The procedure for configuration of an inter-DU candidate target cell is illustrated in Figure 2. 
[image: ]
Figure 2. 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: _Toc115250144]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.
[bookmark: _Toc115250145]We propose to use the call flow in Figure 2 as baseline for configuration of inter-DU candidate target cell for L1/L2 based inter-cell mobility


2.2	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 3 below. It should be noted the F1 signalling is up to the network’s implementation considering for instance when the UE decides to execute the RACH or not.

[image: ]
[bookmark: _Ref110248436][bookmark: _Hlk110248683]Figure 3. 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 4 below.
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[bookmark: _Ref110248712]Figure 4. 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 TS 38.401.
Looking at the two different approaches, it is evident that Approach 1 is faster, but on the other hand Approach 2 provides more coordination between gNB-DU and gNB-CU before triggering the L1/L2 inter-cell mobility, although this comes on the expense of extra delay.
We think that many of the details of the procedure for the execution of L1/L2 mobility serving cell change need to be discussed further, reflected by the proposal:
[bookmark: _Toc110934303][bookmark: _Toc115250146]RAN3 to discuss the above two 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.

Also based on the above we propose to agree the WA made in the previous meeting that the UE sends the L1 measurement report to the gNB-DU and the gNB-DU triggers UE mobility to a target candidate cell. 

[bookmark: _Toc115250147]The gNB-DU sends the lower layer mobility command to the UE.

Finally, we will tackle the last open points:
FFS on how the gNB/gNB-DU detects the UE access and whether there is an F1 impact.
In RAN2, discussions are underway regarding the signalling between the gNB-DU and the UE in order to indicate the target cell and initiate serving cell change. Therefore, we propose that we wait for progress in RAN2 on the specific topic.

[bookmark: _Toc115250148]Wait for RAN2 progress regarding how the gNB/gNB-DU detects the UE access and whether there is an F1 impact.

The final open point is: 
For intra-DU L1/L2 handover, whether and how to release the source cell/prepared cells’ resources in the gNB DU is FFS.
[bookmark: _Hlk114703703]We believe that the best way forward would be to assume that the source cell and the prepared cells are not released after L1/L2 mobility in order to give the option to the UE to switch fast to these cells if needed.

[bookmark: _Toc115250149]We propose to assume that the source cell and the prepared cells are not released after L1/L2 mobility in order to give the option to the UE to switch fast to these cells if needed. 

The TP to TS 38.401 is shown in the Annex, and the corresponding F1AP CR is in [2].
[bookmark: _Toc115250150]RAN3 to agree the TP to TS 38.401 in the Annex and CR to TS 38.473 in [2].

Conclusion

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

Proposal 1	Concentrate on the agreed scenario that the gNB-CU initiates the L1/L2 mobility configuration procedure.
Proposal 2	We propose to use the call flow in Figure 1 as baseline for configuration of intra-DU candidate target cell for L1/L2 based inter-cell mobility.
Proposal 3	The gNB-DU may have identified some cells for the L1/L2 mobility and correspondingly will suggest them to the gNB-CU so that the gNB-CU can take them under consideration.
Proposal 4	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 5	We propose to use the call flow in Figure 2 as baseline for configuration of inter-DU candidate target cell for L1/L2 based inter-cell mobility
Proposal 6	RAN3 to discuss the above two 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	The gNB-DU sends the lower layer mobility command to the UE.
Proposal 8	Wait for RAN2 progress regarding how the gNB/gNB-DU detects the UE access and whether there is an F1 impact.
Proposal 9	We propose to assume that the source cell and the prepared cells are not released after L1/L2 mobility in order to give the option to the UE to switch fast to these cells if needed.
Proposal 10	RAN3 to agree the TP to TS 38.401 in the Annex and CR to TS 38.473 in [2].
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Annex A: Text proposal to TS 38.401
8.xx	L1/L2 based intra-DU inter-cell Mobility
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Figure 8.xx-1. Procedure for L1/L2 based intra-DU inter-cell mobility in a distributed RAN architecture

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.

8.yy	L1/L2 based inter-DU inter-cell Mobility
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Figure 8.yy-1. Procedure for L1/L2 based inter-DU inter-cell mobility in a distributed RAN architecture
1. The UE sends a MeasurementReport message to the serving gNB-DU.
2. The serving DU sends an UL RRC MESSAGE TRANSFER message to the gNB-CU to convey the received MeasurementReport message. 
3. The gNB-CU initiates configuration of a candidate target cell for L1/L2 mobility and transmits a UE CONTEXT SETUP REQUEST message to the candidate gNB-DU to create a UE context and to request a configuration of L1/L2 mobility for a candidate target cell.
4. The candidate gNB-DU responds with a UE CONTEXT SETUP RESPONSE message to the gNB-CU. The message includes a L1/L2 mobility candidate target cell configuration.
5. The gNB-CU transmits a DL RRC MESSAGE transfer to the serving gNB-DU including an RRCReconfiguration message, including a L1/L2 mobility candidate target cell configuration.
6. The serving gNB-DU forwards the RRCReconfiguration message to the UE.
7. [bookmark: _Hlk110589305]The UE stores the configuration of a L1/L2 mobility candidate target cell and transmits a RRCReconfigurationComplete message to the serving gNB-DU.
8. The serving gNB-DU transmits an UL RRC MESSAGE TRANSFER message to the gNB-CU to convey the received RRCReconfigurationComplete message.
9. The UE transmits lower-layer (L1 or MAC, FFS) report(s) to the serving gNB-DU on L1/L2 mobility candidate target cells.
10. The network decides to trigger a L1/L2 mobility serving cell change to a candidate target cell.
Editor’s note: from this step onwards, which node, e.g., serving DU or candidate DU or CU, to make decision on execution of a L1/L2 inter-cell mobilty remains FFS.
11. 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.
Editor’s note: the order of step 10 and 11 is not defined.
12. 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.
13. 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.
14. 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.
15. 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.
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