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1. [bookmark: _GoBack]Introduction
This paper focuses on two separate topics (both are remaining issues listed in last meeting): delivering prediction during handover, and generating model performance feedback.
2. [bookmark: OLE_LINK78][bookmark: OLE_LINK79]Discussion
2.1. Delivering prediction during handover
As a primary trial for AI/ML-based UE location prediction, we trained a model with historical geographical coordination as input and predicted geographical coordination as output. We downloaded the data set “GeoLife GPS Trajectories” provided by Microsoft Research Asia [1], and selected the longest roughly continuous section within it as the source data.

Figure 1: Source data: change of geographical coordinates against time.
The models we trained were based on LSTM. As a common practice, we used the former ⅘ part (the real value is slightly larger) for training and the latter ⅕ part for testing. For convenience we trained separate models to use the “historical” geographical coordinates prior to a given time to predict the geographical coordinates 1s, 2s, 5s, 10s, 20s, 50s, 100s, 200s, 500s, and 1000s respectively later to the given time.
The average training and testing error, conversed to metre for convenience, is shown in Figure 2:

[bookmark: _Ref92442475]Figure 2: Errors of prediction.
Although these models were quite primary (and not “intelligent” enough, frankly speaking), we can see that the accuracy was fairly well, even though the device usually moved at a speed of ~30m/s (we guess that the device was in a car driving on expressway):
· When predicting the device’s position at ~1s later, the errors were generally at the level of metres.
· When predicting the device’s position at ~10s later, the errors were generally at the level of tens of metres.
We also tried similar method on a few other sections within “GeoLife GPS Trajectories” and the results were similar. Therefore we can conclude that the accuracy of UE location prediction can be like what is shown in Figure 2, if the UE provides its geographical location periodically.
Considering the ordinary RAN cell size (~500m for macro cells), we believe that UE location prediction can be precise enough, so that the (candidate) target gNB during handover preparation can use such prediction to optimise the RRC configuration. Therefore we prefer capturing this into the TR.
Proposal 1: To capture in TR 37.817 that UE location prediction can be used in (candidate) target gNBs.
2.2. Generating model performance feedback
Model performance feedback is a useful step for AI/ML whose output is prediction, orienting from the node hosting the inference function toward the node hosting the training function. For the deployment scenario that both function of training and inference is hosted by the RAN node, the model performance feedback is an internal step which typically not shown in signalling flow. For the deployment scenario that the function of training is hosted by the OAM, the model performance feedback is internode signalling and thus captured as following (as of the current TR):
	Step 10. Model Inference. Required measurements are leveraged into Model Inference to output the prediction, e.g.  UE trajectory prediction, target cell prediction, target NG-RAN node prediction, etc.
Step 11. The NG-RAN 1 sends the model performance feedback to OAM if applicable.
Note: This step is out of RAN3 scope.
Step 12. According to the prediction, recommended actions or configuration are executed for Mobility Optimization.
Step 13. The NG-RAN node 1, the target NG-RAN node (represented by NG-RAN node 2 of this step in the flowchart), and UE do the handover procedure to hand over UE from NG-RAN node 1 to the target NG-RAN node.


We can see that the prediction as output can be at least: UE trajectory prediction, target cell prediction and target RAN node prediction.
Here comes the problem.
For latter two cases, the model performance could be examined by the source node on the surface, as their literal definition is to predict the handover target cell/node and thus when the HO procedure is triggered the source node is aware of the target node and thus is aware of whether the prediction is accurate or not.
However this is not our purpose in fact. The intention for target cell/node prediction is to output the suitable target cell/node, e.g. in order to avoid HO failure, rather than the target cell/node selected by the source node. The source node typically is unaware of whether the selected HO target is suitable or not before HO takes place, thus Step 11 typically cannot be performed at this point of time.
For the first case, i.e. UE trajectory prediction, the case is even clearer: what is important for HO decision is the prediction of UE trajectory after the UE leaves the current serving cell, and thus the accuracy can only be evaluated after the handover.
NOTE: This figure also cover decision-oriented AI/ML, e.g. to trigger mobility setting change procedure directly. For these cases, model performance feedback does not apply. This is why they are not mentioned here.
Proposal 2: To move the step of model performance feedback after HO takes place.
And the next thing is the input for model performance evaluation.
For the case of target cell/node prediction, if the prediction is not accurate, many cases may happen, e.g. too early handover, too late handover, handover to target cell, the UE fall backs to another RAT, etc. It is hard to reflect those cases into the signalling flow figure. And if the prediction is accurate, there may be no extra signalling exchanged.
While for the case of trajectory prediction, the input is quite clear: the target node should deliver the UE’s position back toward the source node. In order to make the signalling flow a logically close-loop, we prefer adding a dash arrow from the target node toward the source node carrying the input needed for model performance evaluation.
Proposal 3: To add a dash arrow from the target node toward the source node carrying the input needed for model performance evaluation.
3. Conclusion
Proposal 1: To capture in TR 37.817 that UE location prediction can be used in (candidate) target gNBs.
Proposal 2: To move the step of model performance feedback after HO takes place.
Proposal 3: To add a dash arrow from the target node toward the source node carrying the input needed for model performance evaluation.
4. Reference
[1] https://www.microsoft.com/en-us/download/details.aspx?id=52367.
5. TP for TR 37.817 (on the basis of v1.2.0)
//////////////////////////////////////////////////////////////////////skip unrelated text//////////////////////////////////////////////////////////////////////
[bookmark: _Toc94450718][bookmark: _Toc88582300][bookmark: _Toc55814333]5.3.2.2			AI/ML Model Training in OAM and AI/ML Model Inference in NG-RAN node




                              Figure 5.3-1  AI/ML Model Training in OAM and AI/ML Model Inference in NG-RAN node
Step 0. NG-RAN node 2 is assumed to optionally have an AI/ML model, which can generate required input such as resource status and utilization prediction/estimation etc.
Step 1. The NG-RAN node configures the measurement information on the UE side and sends configuration message to UE including configuration information.
Step 2. The UE collects the indicated measurement, e.g., UE measurements related to RSRP, RSRQ, SINR of serving cell and neighbouring cells.
Step 3. The UE sends measurement report message to NG-RAN node 1 including the required measurement.
Step 4. The NG-RAN node 1 sends the input data for training to OAM, where the input data for training includes the required input information from the NG-RAN node 1 and the measurement from UE.
Step 5. The NG-RAN node 2 sends the input data for training to OAM, where the input data for training includes the required input information from the NG-RAN node 2. If the NG-RAN node 2 executes the AI/ML model, the input data for training can include the corresponding inference result from the NG-RAN node 2.Step 6. Model Training. Required measurements are leveraged to training AI/ML model for UE mobility optimization.
Step 7. OAM sends AI/ML Model Deployment Message to deploy the trained/updated AI/ML model into the NG-RAN node(s). The NG-RAN node can also continue model training based on the received AI/ML model from OAM.
Note: This step is out of RAN3 Rel-17 scope.
[bookmark: OLE_LINK222][bookmark: OLE_LINK223]Step 8. The NG-RAN node 1 obtains the measurement report as inference data for UE mobility optimization.
Step 9. The NG-RAN node 1 obtains the input data for inference from the NG-RAN node 2 for UE mobility optimization, where the input data for inference includes the required input information from the NG-RAN node 2. If the NG-RAN node 2 executes the AI/ML model, the input data for inference can include the corresponding inference result from the NG-RAN node 2.
Step 10. Model Inference. Required measurements are leveraged into Model Inference to output the prediction, e.g.  UE trajectory prediction, target cell prediction, target NG-RAN node prediction, etc.
Step 11. The NG-RAN 1 sends the model performance feedback to OAM if applicable.
Note: This step is out of RAN3 scope.
Step 1211. According to the prediction, recommended actions or configuration are executed for Mobility Optimization.
Step 1312. The NG-RAN node 1, the target NG-RAN node (represented by NG-RAN node 2 of this step in the flowchart), and UE do the handover procedure to hand over UE from NG-RAN node 1 to the target NG-RAN node.
Step 13. If applicable, the NG-RAN node 1 obtains the input data for model performance evaluation, typically from the NG-RAN node 2.
Step 14. The NG-RAN 1 sends the model performance feedback to OAM if applicable.
Note: This step is out of RAN3 scope.
Step 1415. The NG-RAN node 1 sends the feedback information to OAM.
[bookmark: _Toc94450719]5.3.2.3			AI/ML Model Training and AI/ML Model Inference in a NG-RAN node




Figure 5.3-2: Model Training and Model Inference both located in RAN node
Step 0. NG-RAN node 2 is assumed to optionally have an AI/ML model, which can generate required input such as resource status and utilization prediction/estimation etc.
Step 1. NG-RAN node1 configures the measurement information on the UE side and sends configuration message to UE including configuration information.
Step 2. UE collects the indicated measurement, e.g., UE measurements related to RSRP, RSRQ, SINR of serving cell and neighbouring cells.
Step 3. UE sends measurement report message to NG-RAN node1 including the required measurement.
Step 4. The NG-RAN node 1 obtains the input data for training from the NG-RAN node2, where the input data for training includes the required input information from the NG-RAN node 2. If the NG-RAN node 2 executes the AI/ML model, the input data for training can include the corresponding inference result from the NG-RAN node 2.Step 5. Model training. Required measurements are leveraged to training AI/ML model for mobility optimization.
Step 6. NG-RAN node1 obtains the measurement report as inference data for real-time UE mobility optimization.
Step 7. The NG-RAN node 1 obtains the input data for inference from the NG-RAN node 2 for UE mobility optimization, where the input data for inference includes the required input information from the NG-RAN node 2. If the NG-RAN node 2 executes the AI/ML model, the input data for inference can include the corresponding inference result from the NG-RAN node 2.
Step 8. Model Inference. Required measurements are leveraged into Model Inference to output the prediction, including e.g., UE trajectory prediction, target cell prediction, target NG-RAN node prediction, etc.
Step 9. According to the prediction, recommended actions are executed for Mobility Optimization. 
Step 10. The NG-RAN node 1, the target NG-RAN node (represented by NG-RAN node 2 of this step in the flowchart), and UE do the handover procedure to hand over UE from NG-RAN node 1 to the target NG-RAN node.
Step 11. The NG-RAN node 2 sends feedback information after mobility optimization action to the NG-RAN node 1.
Step 12. If applicable, the NG-RAN node 1 obtains the input data for model performance evaluation, typically from the NG-RAN node 2.
Note: UE mobility information for training purposes is only sent to gNBs that request such information or when triggered.
//////////////////////////////////////////////////////////////////////skip unrelated text//////////////////////////////////////////////////////////////////////
5.3.2.5			Output data
· UE trajectory prediction (Latitude, longitude, altitude, cell ID of UE over a future period of time)
· Note:FFS whether the UE trajectory prediction is an internal output to the node hosting the Model Inference function
· Estimated arrival probability in CHO and relevant confidence interval
· Predicted handover target node, candidate cells in CHO, may together with the confidence of the predication
[bookmark: _Toc94450722]//////////////////////////////////////////////////////////////////////skip unrelated text//////////////////////////////////////////////////////////////////////
5.3.2.7			Standard impact
[bookmark: _Hlk95299126]To improve the mobility decisions at a Gnb (Gnb-CU), a Gnb can request mobility feedback from a neighbouring node. Details of the procedure are FFS.
· [bookmark: _Hlk87529397]Potential Xn interface impact:
· Predicted resource status info and performance info from candidate target NG-RAN node to source NG-RAN node
· Predicted UE position from source NG-RAN node to target NG-RAN node.
· New signaling procedure or existing procedure to retrieve input information (including input for model performance evaluation) via Xn interface.
· New signaling procedure or existing procedure to retrieve feedback information via Xn interface.
//////////////////////////////////////////////////////////////////////end//////////////////////////////////////////////////////////////////////
Errors of prediction
Training	1	2	5	10	20	50	100	200	500	1000	1.0620000000000001	2.5232000000000001	7.4683000000000002	13.349299999999999	45.078899999999997	193.85040000000001	520.98680000000002	1364.7879	4632.0337	11141.5599	Testing	1	2	5	10	20	50	100	200	500	1000	1.3469	2.6318000000000001	11.228899999999999	23.229199999999999	89.043700000000001	301.4855	798.04380000000003	2060.5765000000001	8104.8068000000003	17159.2003	Predicted time offset (s)
Error
(m)

Source Data
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