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1
Introduction

The use and semantics of the UE trajectory prediction for AI/ML was discussed during RAN3#117-e, and the following agreement was captured
Predicted cell-granularity UE trajectory can be exchanged over Xn for AI/ML based mobility optimization.
This was further discussed during RAN3#117bis-e and the following were agreed:
Cell-based UE Trajectory prediction has the same structure as UE History 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.

Furthermore, the following open issue was captured as to be continued:
The input needed to train cell-based UE Trajectory prediction, e.g., UE reported history information, UE History Information IE, UE geographic location, etc. is FFS

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

2.1 Cell-based UE Trajectory prediction information
Now that the Cell-based UE trajectory prediction has been agreed, RAN3 needs to define the information it contains. It was already agreed that:
Cell-based UE Trajectory prediction has the same structure as UE History 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.

So let’s have a look at the UHI IE (Last Visited NG-RAN Cell Information IE from TS 38.413). For each cell or set of cells, it contains the following information:

1. Cell ID (as mandatory)

2. Cell Type (as mandatory)

3. Time UE Stayed in Cell (as mandatory)

4. Time UE Stayed in Cell Enhanced Granularity (as optional)

5. HO Cause Value (as optional)

For Cell-based UE Trajectory prediction, (1) and (3) have already been agreed during previous meetings.
Observation 1: Cell ID and Expected Time of Stay have already been agreed to be included as cell-based UE trajectory prediction
(2) is not always known at the node performing the prediction, because the prediction may include cells which are not neighbors to the node computing the prediction. Configuring this information for all the cells, including the ones which are not neighboring cells, will be a burden for the operator. Therefore, and even though this information might be interesting for the prediction itself, it is proposed not to add it to the Cell-based UE Trajectory prediction information.
Observation 2: Configuring cell type for the non-neighboring cells will be a burden for the operator
For trajectory predictions, a granularity of 100ms, as proposed with (4), seems very complex to achieve with accuracy. It would also not be very useful to the node receiving the prediction. If the prediction is used to help predicting mobility, relying on the exact time of the prediction to trigger HO or configure measurements may lead to an increase of HOF or RLF. The final HO decision shall always be taken based on actual radio conditions. If the prediction is used for ES scenarios, one second granularity is sufficient. Therefore, it is proposed not to add the enhanced granularity IE to the Cell-based UE Trajectory prediction information.
Observation 3: 100ms granularity for accurate trajectory prediction is too complex and not useful to the node receiving the prediction
Finally, (5) is not an information related to a trajectory, and cannot be predicted accurately, as the decision to handover a UE (and therefore the HO cause) will be taken by a node different from the node performing the prediction. Therefore, it is proposed not to add HO cause to the Cell-based UE Trajectory prediction information.
Observation 4: HO cause is not related to a trajectory
To conclude, it is proposed to agree that the Cell Trajectory Prediction IE contains a list of predicted cells, in chronological order, including the following information:

· Global Cell ID

· Predicted Time UE Stays in Cell
Proposal 1: Cell Trajectory Prediction is signalled as a list of predicted cell IDs the UE will connect to, in chronological order, together with the time the UE is expected to stay in this cell
Proposal 2: Cell type, expected time of stay enhanced granularity and HO cause are not needed as Cell-based UE Trajectory prediction information
The remaining question is how to signal this information to the node needing the trajectory prediction. Handover decisions are taken on a UE basis, mainly for coverage reasons, and based on UE measurements and capabilities. These parameters being different for different UEs, it is logical to conclude that the cell-based UE trajectory prediction is associated to a given UE, as for UHI. It is therefore proposed that UE-associated signalling is used to signal Cell Trajectory Prediction.

Proposal 3: Cell Trajectory Prediction is signalled via UE-associated signalling
If the goal of the cell-based UE trajectory prediction is to give more information to the source and target nodes to optimize mobility, and if UE-associated signalling is used, the next logical conclusion would be to reuse the Handover Request message, like with UHI signalling. This was already agreed during the last meeting:
Cell based UE Trajectory Prediction is transferred via existing HO signalling messages, it’s FFS on whether other way to transfer the cell based UE Trajectory Prediction information is needed.
Proposal 4: Cell Trajectory Prediction is signalled in Handover Request message
2.2 Feedback for cell-based UE trajectory prediction
A discussion on UE trajectory prediction feedback was triggered at RAN3#117bis-e. Some companies proposed that an actual measurement of a trajectory prediction is signalled to a source RAN node in order to serve as feedback information to improve future predictions.
To determine whether this approach is feasible it needs to be highlighted that an NG-RAN node produces a trajectory prediction on a per UE basis. Namely, the model inference function would take as an input past mobility of the UE, UE location, UE radio measurements (e.g., leading to direction of movement), etc., and it will derive a prediction of trajectory for the specific UE. With this in mind, the following issues can be immediately determined when analysing the option of receiving measured trajectories as feedback:

· After UE mobility the source NG-RAN removes the UE context. Hence, even if the NG-RAN node received a measured UE trajectory, it would not be able to determine to what UE context the feedback corresponds to. This makes the feedback rather useless, as it is not possible to associate the feedback with the prediction it corresponds to.

· If a trajectory prediction covers the n future cell hops, it is very likely that the NG-RAN node serving the nth cell will not be Xn connected to the source node that produced the prediction. Hence, even if the source node kept the UE context stored, there would be likely no way the nth NG-RAN node could signal the trajectory feedback back.

· By the time a measured prediction is made available to the source node, the layout of cells in a neighbourhood might have changed. As an example, some cells that were active when the prediction was produced may become deactivated. In order for the source node to properly understand the trajectory feedback, the source node would need to keep a full history of how the cell deployment has changed in time, which increases complexity as it requires to maintain a full context of cell deployment status at the NG-RAN node   

Given the issues above, it can be concluded that signalling of trajectory feedback is not feasible.

Instead, the source NG-RAN node may use the UE history information to check on the correctness of its trajectory predictions. In fact, UEs trajectories are often recurrent. Namely a UE is likely to go through the same route often. By means of checking the UE History Information, an NG-RAN node is able to see the mobility history of a UE that was previously served by the NG-RAN node and that is going back to it. Such history may serve as feedback for future predictions. The table below explains this concept.
	UE Trajectory prediction for UE x while in Cell1
	Measured UHI for UE y connected to Cell1

	t0 – CGI 1 
	t0 – CGI1

	t1 – CGI 2
	t-1 – CGI4

	t2 – CGI 1
	t-2 – CGI3

	t3 – CGI 3
	t-3 – CGI1

	t4 – CGI 4
	t-4 – CGI2


In the table above, NG-RAN node 1 predicted the UE trajectory for UE x connected to Cell1. At the same time UE y connects to Cell 1 and NG-RAN node 1 receives the UE History Information in the right column. 
It is possible for NG-RAN node 1 to see that the sequence of historical cells the newly connected UE went through matches well with a trajectory prediction NG-RAN node 1 derived for a UE in similar conditions. 
Given that an NG-RAN node receives thousands of UHI per day, it is plausible to think that UHIs can have statistical relevance with time and therefore serve as trajectory feedback.

Conclusion: Explicit signalling to a source NG-RAN of a measured UE trajectory is not feasible. An NG-RAN node can make use of UE History Information to derive feedback for UE trajectory predictions

3
Conclusion
UE trajectory prediction exchange between network nodes was discussed and the following observations and proposals were made:

Observation 1: Cell-granularity UE trajectory is already exchanged in UHI, for past trajectory
Proposal 1: For predicted cell-granularity UE trajectory, take UHI as baseline

Proposal 2: Cell Trajectory Prediction is signalled via UE-associated signalling

Proposal 3: Cell Trajectory Prediction is signalled in Handover Request message
Proposal 4: Cell Trajectory Prediction is signalled as a list of predicted cell IDs the UE will connect to, in chronological order

Observation 2: Geographical location is a very sensitive information

Observation 3: It is impossible to correlate geographical location and coverage

Observation 4: Geographical location of all UEs at different points in time puts a stringent requirement on both UE and network

Proposal 5: Predicted UE trajectory based on geographical location is out-of-scope
Proposal 6: Predicted beam-granularity UE trajectory needs further discussions and justification

Conclusion: Explicit signalling to a source NG-RAN of a measured UE trajectory is not feasible. An NG-RAN node can make use of UE History Information to derive feedback for UE trajectory predictions

A CR mirroring the proposals above is presented in R3-226508 and it is proposed to be agreed
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