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1	Introduction
In the last RAN3 meeting CB # 18_AIRAN2_ME discussion [1], companies have discussed if a gNB should collect the future UE trajectory collection after UE is handed over to another gNB. If so, whether RAN3 is going to address UE trajectory collection across multiple gNBs. In this paper, we further discuss the relevant issues and possible solutions. 

	FFS whether predicted UE Trajectory spans across multiple NG-RAN nodes or it is limited within a single target NG-RAN node.



2	Discussion
2.1	The need of future UE trajectory collection
According to the discussion so far, for the sake of mobility optimization, a gNB can predict the future UE trajectory using an AI model trained by OAM or gNB itself. Besides, during handover procedure, the source gNB can provide the UE trajectory prediction result in the HANDOVER REQUEST message to the target gNB, and the relevant TP is agreed in R3-230855. 
[bookmark: _Toc130910815][bookmark: _Toc130912566][bookmark: _Toc131753313]RAN3 has agreed to support gNB (e.g., source gNB) to train an AI model that predicts the future UE trajectory in a neighbor gNB (e.g., target gNB) which can be further provided to the neighbor gNB during handover procedure.

For a gNB to properly train an AI model to predict the UE trajectory at a neighbour gNB (the prediction result can be transferred during handover procedure), the training data set should include the actual UE trajectory at the target gNB. 
As one example, let’s assume Cell1/2 belong to gNB1, Cell3/4/5 belong to gNB2, and Cell6/7 belong to gNB3 as in Figure 1. gNB2 can understand UE’s trajectory from and before last hop gNB1 from received UE history information, e.g., last visited 16 cells and dwelling time. Besides, gNB2 can easily measure UE’s actual trajectory crossing Cell3/4/5. However, above information is not enough for gNB2 to train an AI model that predicts the UE trajectory at Cell6/7 belonging to gNB3.  To do it properly, gNB2 needs to also collect the actual UE trajectory at Cell6/7 from gNB3 and take it into account during the AI model training, e.g., the model input is the UE trajectory at Cell1/2/3/4/5 and the output is the predicted UE trajectory at Cell6/7. 
In addition, during the AI model validation/test phase before AI model deployment (as agreed in TR 37.817), gNB2 can compare the actual UE trajectory at Cell6/7 with the prediction result to understand if the AI model has been properly trained before deploying. Similarly, after deploying a trained/validated/tested AI model, the actual UE trajectory at Cell6/7 can also be collected and compared to the prediction result as part of the AI model monitoring and trigger model retraining/update if necessary.
[bookmark: _Toc130910816][bookmark: _Toc130912567][bookmark: _Toc131753314]To properly train an AI model predicting future UE trajectory at given cells, the measured UE trajectory at those give cells is required as part of the training data. 
[bookmark: _Toc130910817][bookmark: _Toc130912568][bookmark: _Toc131753315]In order to validate/test/monitor the AI model predicting future UE trajectory at given cells, gNB needs to compare the predicted UE trajectory with the measured UE trajectory at given cells. 
[bookmark: _Toc130910818][bookmark: _Toc130912569][bookmark: _Toc131753316]In legacy, source gNB cannot collect measured UE trajectory from target gNB after handover.
[bookmark: _Toc131753309]RAN3 supports source gNB to collect measured UE trajectory from target gNB after handing over the concerned UE(s). It is upon the source gNB implementation how to use it, e.g., for training/validation/test/monitor. 
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Figure 1: Example of AI model training for UE trajectory prediction at neighbour gNB

2.2	Related issues
In this section, few issues raised by companies during the discussion are analysed.
Issue#1: UE context maintenance
Some companies are concerned that in order for the source gNB to understand and map the received future UE trajectory to the corresponding UE, the source gNB needs to store the UE context for very long time. 
First of all, to predict UE trajectory, source gNB only needs to understand the UE trajectory, i.e., visited cells and dwelling time, in the past and in the future. UE related RRC configurations are not relevant. In this sense, after handover, source gNB only needs to keep the identification information of the concerned UE, e.g., UE XnAP ID or some other ID, which will be indicated by the target gNB when providing the measured future UE trajectory back to the source gNB. Other UE contexts such as RRC configuration can be released after successfully handover. 
In addition, as clarified in the previous discussion, even after source gNB receives the UE context release message from the target gNB, the standard does not forbid the source gNB from keeping the UE context. It can be eventually left to gNB implementation to keep a minimum UE context, instead of full UE context, for the sake of future UE trajectory collection. 
We also notice the similar issue exists for the UE performance feedback collection as well, wherein the source gNB does not need to keep the full UE context to understand/analyse the UE performance feedback provided by the target gNB
[bookmark: _Toc130910819][bookmark: _Toc130912570][bookmark: _Toc131753317]After successful handover, source gNB only needs to maintain some identification information of the concerned UE, instead of full UE context, in order to understand the future UE trajectory provided by the target gNB.

[bookmark: _Toc131753310]After successful handover and receiving the UE CONTEXT RELEASE message, it is upon source gNB implementation to keep minimum UE context, e.g., UE XnAP ID, to further receive the future UE trajectory from the target gNB.

Issue#2: predicting/collecting future UE trajectory from single/multiple gNBs
It has been also discussed if the future UE trajectory prediction/collection will span across multiple gNBs or only limited to single target gNB. 
According to the analysis in Observation 2 and 3, how many hops can source gNB predict depends on from how many hops can the source gNB collect the future UE trajectory measurement. Even though it is technically possible that the source gNB collects UE trajectory measurements from gNBs beyond the target gNB, it would require additional enhancements/complexity to align the UE related context cross multiple gNBs. Considering this is the first release addressing such issue, we suggest to focus on one hop scenario, i.e., future UE trajectory collection from single target gNB. That also implies if the UE trajectory prediction model is trained by the source gNB, source gNB can only predict the UE trajectory till the next hop target gNB. For multi-hop scenario, it could be ok to support if the same procedure for one hop scenario (once agreed) can be directly reused for multi-hop scenario without discussing complex further enhancements considering the limited time. 
It’s worth noting that if the UE trajectory prediction model is trained by the OAM, since OAM is able to collect UE trajectory cross multiple gNBs, it is possible for source gNB to predict the UE trajectory across multiple hops.
[bookmark: _Toc130910820][bookmark: _Toc130912571][bookmark: _Toc131753318]Additional enhancement/complex is required for the source gNB to collect future UE trajectory measurements across multiple hops beyond the target gNB.
[bookmark: _Toc131753311]For the case that the UE trajectory prediction model is trained by the source gNB, source gNB can collect/predict the UE trajectory till the next hop target gNB. RAN3 can discuss if the same procedure can be used for multi-hop case as well.

[bookmark: _Toc130910821]Issue#3: UE enters RRC Inactive/Idle state in the target gNB
Another issue raised by some companies is that what if UE enters RRC Inactive/Idle after being handed over to the target gNB. 
In that case, of course target gNB can no longer provide the UE trajectory measurement. One simple implementation would be the target gNB indicate to the source gNB that the requested data for certain UE can no longer be provided. 
Also, we believe the same issue also exist for the UE performance feedback collection, wherein the target gNB can no longer measure the UE performance if the UE enters RRC Inactive/Idle states.  
[bookmark: _Toc130910822][bookmark: _Toc130912572][bookmark: _Toc131753319]Similar as for UE performance feedback collection, the target gNB can no longer provide the requested future UE trajectory to source gNB if UE enters RRC Inactive/Idle state.

2.3	Procedure and signalling
In terms of the procedures used for the source gNB to collect future UE trajectory from the target gNB, we believe the same procedures for UE performance feedback collection can be reused with modification considering both follow similar principles with respect to:
· The target gNB can only start measuring after the handover is successful
· The data collection request is better to be decoupled from the handover request to not impact the handover procedure
· The source gNB needs to keep (minimum) UE context to receive the UE performance feedback or UE trajectory from the target gNB
· The target gNB cannot measure if UE enters RRC Inactive/Idle state
A high-level exemplary procedure is given in Figure 2. Similar as the UE performance feedback collection, before the handover takes place, the source gNB requests the target gNB to measure and provide future UE trajectory back to the source gNB if indicated by the handover request. Then, in the HANDOVR REQUEST message, the source gNB indicates that the target gNB should provide the future UE trajectory measurement for this particular UE. After handover completion, the target gNB measures and provides the UE trajectory as requested conveyed in the AI/ML INFORMATION UPDATE (FFS naming). Each AI/ML INFORAMTION UPDATE (FFS naming) contains the visited cells and dwelling time of concerned UE(s) since the last update message or since the handover completion. 
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Figure 2: High level procedure for the future UE trajectory collection

[bookmark: _Toc131753312]RAN3 extends the agreed procedure for UE performance feedback collection to also support the future UE trajectory collection by the source gNB. 
3	Conclusion
Based on the discussion above, we observe:
Observation 1	RAN3 has agreed to support gNB (e.g., source gNB) to train an AI model that predicts the future UE trajectory in a neighbor gNB (e.g., target gNB) which can be further provided to the neighbor gNB during handover procedure.
Observation 2	To properly train an AI model predicting future UE trajectory at given cells, the measured UE trajectory at those give cells is required as part of the training data.
Observation 3	In order to validate/test/monitor the AI model predicting future UE trajectory at given cells, gNB needs to compare the predicted UE trajectory with the measured UE trajectory at given cells.
Observation 4	In legacy, source gNB cannot collect measured UE trajectory from target gNB after handover.
Observation 5	After successful handover, source gNB only needs to maintain some identification information of the concerned UE, instead of full UE context, in order to understand the future UE trajectory provided by the target gNB.
Observation 6	Additional enhancement/complex is required for the source gNB to collect future UE trajectory measurements across multiple hops beyond the target gNB.
Observation 7	Similar as for UE performance feedback collection, the target gNB can no longer provide the requested future UE trajectory to source gNB if UE enters RRC Inactive/Idle state.


Based on the discussion above, we propose:
Proposal 1	RAN3 supports source gNB to collect measured UE trajectory from target gNB after handing over the concerned UE(s). It is upon the source gNB implementation how to use it, e.g., for training/validation/test/monitor.
Proposal 2	After successful handover and receiving the UE CONTEXT RELEASE message, it is upon source gNB implementation to keep minimum UE context, e.g., UE XnAP ID, to further receive the future UE trajectory from the target gNB.
Proposal 3	For the case that the UE trajectory prediction model is trained by the source gNB, source gNB can collect/predict the UE trajectory till the next hop target gNB. RAN3 can discuss if the same procedure can be used for multi-hop case as well.
Proposal 4	RAN3 extends the agreed procedure for UE performance feedback collection to also support the future UE trajectory collection by the source gNB.
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