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1 Introduction

RAN#102 has agreed the SI to further investigate the new AI/ML based use cases and identify the enhancement to support AI/ML functionality in NG-RAN as RP-234054.
There are three RAN3 related objectives:

· Study two new AI/ML based use cases, i.e., Network Slicing and CCO, with existing NG-RAN interfaces and architecture (including non-split architecture and split architecture). 
· Rel-18 leftovers as candidates for normative work, based on the Rel-18 principles, as follows:
-   Mobility optimization for NR-DC
-   Split architecture support for Rel-18 use cases based on the conclusions from Rel-18 WI 
-   Energy Saving enhancements, e.g., Energy Cost Prediction

-   Continuous MDT collection targeting the same UE across RRC states
-   Multi-hop UE trajectory across gNBs
Note: RAN3 should take the Rel-18 discussions into account.
In the paper we discuss the potential interface impact for multi-hop UE trajectory across gNBs. 

2 Discussion
To support UE trajectory prediction, the UE trajectory collection is specified in R18 to provide the training data for AI/ML model training or the feedback data to evaluate whether the UE trajectory prediction is accurate or not. As the first release to involve the AI/ML for NG-RAN feature, due to high-complexity of multi-hop collection, R18 only considers single-hop trajectory collection.
To extend the benefit of the UE trajectory prediction, the gNB may predict the UE trajectory for multi-hops, and it can offer this information to nodes in the following hops. And they can use it as reference information for the subsequent mobility decision. If supporting multi-hop UE trajectory prediction, the nodes who do the inference or training requires the data collection of multi-hop.
In the existing mechanism, the UE trajectory collection is done via the Data Collection Reporting initiation procedure, Data Collection Reporting procedure and Handover Preparation procedure as illustrated as the following figure：
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Figure 1: The existing mechanism to collect the single-hop trajectory

Step 1: gNB1 sends the reporting and collection configuration of UE trajectory to gNB2.

Step 2: gNB2 tells gNB1 that whether gNB2 can do the collection and reporting or not.

Step 3: gNB1 sends the Handover Request message to gNB2 with the collection ID which is same as the one in Data Collection Response, in order to inform the gNB2 that the trajectory collection needs to be done for the UE identified in the Handover Request message.
Step 4-6: Other handover procedures.

Step 7: gNB2 collects the trajectory for the UE based on the configuration in Data Collection Request message.
Step 8: gNB2 feeds back the UE trajectory in Data Collection Update message, including the UE XnAP ID allocated by gNB 1 and corresponding UE trajectory. In this message, the data from multiple UEs can be transferred back to the gNB1.
Observation 1: In the single-hop UE trajectory collection, Data Collection Reporting Initiation and Data Collection Reporting procedures are non-UE associated which can transfer the configuration and data collection results for multiple UEs instead of one specific UE.

In the normal handover, the source node would release the UE context after the handover. To maintain the UE XnAP ID in gNB1, as gNB1knows it has requested gNB 2 to do the data collection, gNB1 can keep the UE context after handover by itself.
Observation 2: In the single-hop UE trajectory collection, the node who initiates the UE trajectory collection needs to keep UE context after handover execution.
If the same procedures are applied to the multi-hop cases, the whole flowchart will be:
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Figure 2: Applying the existing mechanism for single-hop to multi-hop

As the data collection request message indicates the collection duration which is how long the collection should be done, in terms of multi-hop, the time for UEs stay in the intermediate-hop (e.g. gNB2 in Figure 2) is different, so that the collection durations for the next hop are not same. It means that the collection duration for each UEs who are handed over to the gNB3 are diverse, resulting in intermediate-hop gNB should initiate separate data collection procedures for each UE respectively with corresponding collection duration. Besides, the number of cells in the configuration encounters the same problem, since the number of cells for the UEs camping in gNB2 are different. With the configuration requirement coming from gNB1, it is better to not change the configuration by intermediate-hop nodes. In such case, the Data Collection Reporting Initiation and Data Collection Reporting procedures of the subsequent hops except for the first hop would be UE specific, losing the benefit of non-UE associated ones and bringing the heavy signalling (three messages for trajectory collection of one UE). 
Observation 3: If moving the single-hop UE trajectory collection mechanism to the multi-hop directly, Data Collection Reporting Initiation and Data Collection Reporting procedures of the subsequent hops except for the first hop would be UE specific, losing the benefit of non-UE associated ones and bringing the heavy signalling.

Apart from that, as the update message uses the UE XnAP ID allocated by the requesting node to identify the UE, the intermediate-hop gNB should keep the UE context to maintain the UE identity until the collection completion. Unlike the gNB1 who intends to get the data collection results, the intermediate-hop node can not get the benefits from the data collection, but it requires to keep the context for a long time resulting in heavy storage burden and UE XnAP ID reservation, which is undesirable for the intermediate-hop node.
Observation 4: If moving the single-hop UE trajectory collection mechanism to the multi-hop directly, the intermediate-hop node needs to keep UE context after handover execution without getting any benefit from the data collection.
To support the multi-hop trajectory collection, it is better for RAN3 to discuss the mechanism to avoid the above drawbacks. So, the mechanism for multi-hop should be:
· Keep the configurations in Data Collection Reporting Initiation and reporting in Data Collection Reporting procedures are targeting the data collection for multiple UEs.

· Not require intermediate-hop node to keep UE context after handover execution.
Proposal 1: RAN3 to discuss the mechanism to support multi-hop UE trajectory collection with the following requirements:

· Keep the configurations in Data Collection Reporting Initiation and reporting in Data Collection Reporting procedures are targeting the data collection for multiple UEs.
· Do not require intermediate-hop node to keep UE context after handover execution.
As for the first requirement, one way is to send the non-UE associated configuration in Data Collection Request message only, such as reporting configuration. The collection configuration changes based on the completed data collection, so it is better to carry such information in UE-associated message, such as Handover Request.

Proposal 2: For the multi-hop UE trajectory collection, except for the first hop, the collection configuration is carried by Handover Request message.

To avoid the intermediate-hop node to keep the UE context after handover execution, one possible solution is that the following request and the report carry the measurement ID which is in the request message to initialise the UE trajectory collection and the UE ID allocated by the node who initialise the collection.  In details, gNB1 initialises the collection with the measurement ID as A in the data collection request message and UE ID as XX in the handover request message to gNB2. The UE moves to the cell in gNB3. gNB2 triggers the handover and data collection via handover request message to gNB3, where includes measurement ID allocated by gNB 1 (A) and UE ID allocated by gNB 1 (XX). gNB3 collects the UE trajectory data and report to gNB1 or gNB2 with the measurement ID A and UE ID XX. The gNB2 does not need to keep the UE context after handing over the UE to gNB3.

Proposal 3: For the multi-hop UE trajectory collection, except for the first hop, to avoid the intermediate-hop node to keep the UE context after handover execution, the request and report messages include the measurement ID and UE ID allocated by the node who initializes the trajectory collection in the first hop.

For the reporting from node who completes the data collection to the node who initiates the data collection, there are three options:

· Option1 indirect reporting relaying via intermediate-hop node: gNB3 to gNB2 to gNB1

· Option2 direct reporting: gNB3 to gNB1 directly

Proposal 4: RAN3 to discuss the mechanism to support the reporting from node who completes the data collection to the node who initiates the data collection with the following options:

· Option1 indirect reporting relaying via intermediate-hop node: gNB3 to gNB2 to gNB1

· Option2 direct reporting: gNB3 to gNB1 directly
3 Conclusion

Based on the discussion, we have the following proposals. It is proposed to agree the proposals.
Observation 1: 
In the single-hop UE trajectory collection, Data Collection Reporting Initiation and Data Collection Reporting procedures are non-UE associated which can transfer the configuration and data collection results for multiple UEs instead of one specific UE.
Observation 2: 
In the single-hop UE trajectory collection, the node who initiates the UE trajectory collection needs to keep UE context after handover execution.
Observation 3: 
If moving the single-hop UE trajectory collection mechanism to the multi-hop directly, Data Collection Reporting Initiation and Data Collection Reporting procedures of the subsequent hops except for the first hop would be UE specific, losing the benefit of non-UE associated ones and bringing the heavy signalling.
Observation 4: 
If moving the single-hop UE trajectory collection mechanism to the multi-hop directly, the intermediate-hop node needs to keep UE context after handover execution without getting any benefit from the data collection.
Proposal 1: RAN3 to discuss the mechanism to support multi-hop UE trajectory collection with the following requirements:

· Keep the configurations in Data Collection Reporting Initiation and reporting in Data Collection Reporting procedures are targeting the data collection for multiple UEs.

· Do not require intermediate-hop node to keep UE context after handover execution.
Proposal 2: For the multi-hop UE trajectory collection, except for the first hop, the collection configuration is carried by Handover Request message.

Proposal 3: For the multi-hop UE trajectory collection, except for the first hop, to avoid the intermediate-hop node to keep the UE context after handover execution, the request and report messages include the measurement ID and UE ID allocated by the node who initializes the trajectory collection in the first hop.

Proposal 4: RAN3 to discuss the mechanism to support the reporting from node who completes the data collection to the node who initiates the data collection with the following options:

· Option1 indirect reporting relaying via intermediate-hop node: gNB3 to gNB2 to gNB1

· Option2 direct reporting: gNB3 to gNB1 directly
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5.5
Multiple-hop UE trajectory across gNBs
5.5.1
Use case description
To extend the benefit of the UE trajectory prediction, gNB may predict the UE trajectory for multi-hops, and it can offer this information to gNBs in the following hops. And they can use it as reference information for the subsequent mobility decision. If supporting multi-hop UE trajectory prediction, the nodes who do the inference or training requires to have the data of multi-hop.
The solution to support multi-hop UE trajectory collection with the following requirements:

- Keep the configurations in Data Collection Reporting Initiation and reporting in Data Collection Reporting procedures are targeting the data collection for multiple UEs.
- Do not require intermediate-hop node to keep UE context after handover execution.

For the multi-hop UE trajectory collection, except for the first hop, the collection configuration is carried by Handover Request message.

To avoid the intermediate-hop node to keep the UE context after handover execution, the request and report messages include the measurement ID and UE ID allocated by the node who initializes the trajectory collection in the first hop.
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