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1
Introduction

During RAN3#119bis-e, the following agreements were captured:
Predicted UE Trajectory conveyed in the Handover Request can span across multiple NG-RAN nodes
In Rel_18, RAN3 will not pursue enhancements for one gNB to request UE trajectory from more than one hop gNBs

Also, the following topics were captured as “to be continued”:

It is FFS whether the presence of time stay of UE in the predicted UE trajectory information is “Optional” or “mandatory”
To support an AI model for UE trajectory prediction in other NG-RAN node(s), the source NG-RAN node needs to understand the actual (relevant) UE trajectory in the other NG-RAN node(s), and it is upon implementation if it is used for training/monitoring/etc. It needs to be further discussed if the actual trajectory consists of historical information obtained before the prediction is generated or trajectory measurements collected after the prediction is generated.

There is no consensus regarding how the source NG-RAN node understands the actual UE trajectory in the future, either:

· Option 1) by means of the UE History Information reported from (other) UEs to the source NG-RAN node. Independent from handover procedure. No specification impacts. 

· Option 2) by collecting the actual UE trajectory from the target NG-RAN node(s) (FFS whether the format of UHI can be reused) using the agreed class1/2 procedure. Similar as the UE performance collection after handover.

This paper aims at discussing the next steps related to standard impact of the above agreements, and at further discussing the open issues listed above.
2
Discussion

2.1 Presence of Predicted Time UE Stays in Cell IE
During RAN3#119 and RAN3#119bis-e, the presence of the Time UE Stayed in Cell IE has been discussed but no conclusion has been reached. Let’s recap the arguments in favor of having this IE optional in the Predicted Trajectory Cell Information IE.
It is mandatory in UHI, because the initial purpose of the feature was to detect ping-pong, and therefore short stays in a cell. But the purpose of the UE trajectory prediction is different. It could be used to predict shifts of load and mobility actions, or the number of HO occurrences.

Furthermore, in some situations, it might be difficult to compute relevant and accurate values for this IE. For example, the UE may have an erratic speed. This issue is particularly valid in low density areas, where the UE may stay for a long time in the same cell. In that case it would be risky to use this prediction to calculate the time of an handover. Such approach may lead to an increase of HOF or RLF because the predicted Time UE Stayed in Cell may be inaccurate and leading to wrong mobility decisions. The final HO decision shall always be taken based on actual radio conditions.
Some companies claimed that the definition of a trajectory includes a time dimension. “Trajectory” is by definition a set of points defining a geographical path an object follows. This is confirmed by the most renowned English dictionaries:

· Oxford: The curved path of something that has been fired, hit or thrown into the air.
· Collins: The trajectory of a moving object is the path that it follows as it moves.
· Cambridge: The curved path that an object follows after it has been thrown or shot into the air.
· Merriam-Webster: The curve that a body (such as a planet or comet in its orbit or a rocket) describes in space.
Also, the trajectory prediction without the time dimension would still be useful for Energy Saving, resource planning, etc... For example, a target node will know if none of the UEs which are handed over are expected to visit a given cell in the future, and it may take ES actions accordingly. Or it could estimate the number of UEs that will go through the same trajectory, in order to adapt radio resources and/or cell shaping. Also, if the target node knows the trajectory of a UE (i.e. the direction vector), it could estimate the speed of the UE within its cells with a better accuracy than the node which performed the trajectory prediction, and therefore estimate the time the UE will stay in a cell itself.
In addition, it should be noted that RAN3 already agreed that the Time UE Stayed in Cell IE will be part of the Predicted Trajectory Cell Information IE:

Cell-based UE Trajectory prediction is provided as a list of cells into the future, each of which is indicated together with an expected time of stay into the cell.
And if no consensus can be reached on the Presence of an IE, the default presence for an already agreed IE is “optional”.
Observation 1: If no consensus can be reached on the Presence of an IE, the default presence value for an already agreed IE is “optional”
Therefore, it is proposed to introduce the Time UE Stayed in Cell IE as optional, so it can be included only when prediction accuracy is good enough to make this information relevant.
Proposal 1: The time the UE is expected to stay in the cell is an optional IE
2.2 Feedback for cell-based UE trajectory prediction

During previous meetings, it was explained in [1] that UE History Information can be used as training data, but also how it could be used to check on the correctness of trajectory predictions made by a source gNB.
The scope of the trajectory predictions was also discussed, and some progress has been made on this topic during RAN3#119bis-e:

Predicted UE Trajectory conveyed in the Handover Request can span across multiple NG-RAN nodes

In Rel_18, RAN3 will not pursue enhancements for one gNB to request UE trajectory from more than one hop gNBs
The first observation that can be made regarding the 1st agreement, is that if feedback is needed for the trajectory prediction AI/ML model, the feedback data should cover the totality of the prediction (i.e. span across multiple NG-RAN nodes), and not only the first hop (i.e. target gNB). If this is not the case (e.g. prediction is received for the 1st hop only), then the AI/ML model cannot be verified for the totality of the prediction.
Observation 2: In case feedback is needed for trajectory predictions, it shall cover the totality of the prediction i.e. span across multiple NG-RAN nodes
But the only feedback that could cover multiple NG-RAN nodes and still fulfil the 2nd agreement, is data which is already received by the node performing the trajectory prediction e.g. UHI, MDT, …
Observation 3: Only data which is already received by the node at the time of performing the trajectory prediction fulfils RAN3 agreements, e.g. UHI
During previous meetings, RAN3 has tried to define the exact nature of the data needed in the gNB to train a model capable of performing predictions. The concept of actual trajectory was then discussed. This concept could be seen as:

1. For a UE subject to a trajectory prediction at the time of a HO, the list of cells the UE connects to after the HO, or

2. For a UE subject to a trajectory prediction at the time of a HO, the list of mobility cells for UEs subject to the same HO and to the same previous mobility history obtained before the prediction is generated. 
This issue was captured in the Chairman’s notes as follows:

It needs to be further discussed if the actual trajectory consists of historical information obtained before the prediction is generated or trajectory measurements collected after the prediction is generated
Feedback corresponding to option 1 above is UE-associated, and is not always needed in AI/ML learning methods. This feedback could correspond to AI/ML techniques like reinforcement learning. However, there are AI/ML learning methods that do not need this feedback. For these models, the trajectories collected somewhere else (e.g. at the OAM or at RAN via MHI) and made available to the AI/ML model training function at the RAN, can be used to train/retrain the model, if needed. 
In that case, information such as UHI or MHI for UEs having a similar trajectory, can enable the NG-RAN to deduce whether UE trajectory predictions are accurate or whether retraining is needed to increase the prediction accuracy.
Moreover, the definition of trajectory feedback in 1) above contradicts RAN3´s agreement that “In Rel_18, RAN3 will not pursue enhancements for one gNB to request UE trajectory from more than one hop gNBs”

Proposal 2: UE History Information can be used to understand if retraining of the trajectory predication model is needed or not

Proposal 3: Historical information reported from different UEs and collected in different places (e.g. OAM) can be used to train or retrain the trajectory predication model
It is also important to understand that the prediction, while being UE-associated from a signalling point-of-view, is valid for a group of UEs. UEs are likely to go through the same route often. And multiple UEs may have the same trajectory, while connecting at different (or same) time to the NG-RAN node performing the trajectory prediction. Therefore, the prediction itself, or the mechanism leading to the signalled prediction, is not necessarily UE-associated.
This is why option 1, as defined above, does not seem necessary for the trajectory prediction. Only data similar to option 2 will be needed for the trajectory prediction model.
3
Conclusion

Cell-based UE trajectory prediction exchange between network nodes was discussed and the following observations and proposals were made:

Observation 1: If no consensus can be reached on the Presence of an IE, the default presence value for an already agreed IE is “optional”

Proposal 1: The time the UE is expected to stay in the cell is an optional IE
Observation 2: In case feedback is needed for trajectory predictions, it shall cover the totality of the prediction i.e. span across multiple NG-RAN nodes
Observation 3: Only data which is already received by the node at the time of performing the trajectory prediction fulfils RAN3 agreements, e.g. UHI
Proposal 2: UE History Information can be used to understand if retraining of the trajectory predication model is needed or not

Proposal 3: Historical information reported from different UEs and collected in different places (e.g. OAM) can be used to train or retrain the trajectory predication model
A TP mirroring the proposals above is presented in R3-233112 and it is proposed to be agreed
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