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1. Introduction
[bookmark: _Hlk71889059]
[bookmark: _Hlk128571477]CB: # 18_AIRAN2_ME
- Take stage3 TP in R3-230463 as the starting point, check the presence of Predicted Time UE Stays in Cell
- Discuss the other open issues listed above
(Nokia - moderator)
Summary of offline disc R3-230856. 
The deadline for comments is Thursday, March 2nd, 18:00 EET.

2. For the Chairman’s Notes

The following is proposed to be agreed: 
Proposal 1:There is no need to include predicted RRC state in the cells in the predicted UE Trajectory in this release.
Proposal 2: There is no need to include beam index information in the predicted UE Trajectory in this release.
Proposal 3: Agree the XnAP TP in R3-230855.

The following aspects are to be continued: 

The presence of the predicted time of stay of a UE in a cell is FFS.

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

3. Offline Discussion

Q1: Do companies support to include information about the predicted RRC state in the cells of the predicted UE trajectory?
There is no need to include predicted RRC state in the cells in the predicted UE Trajectory in this release.
Q2: Do companies support to include not only the Cell ID, but optionally also the Beam Index in predicted UE Trajectory?
There is no need to include beam index information in the predicted UE Trajectory in this release.
Q3: Do companies support that the predicted time of stay in a cell is an optional or a mandatory field?

-E///: having info mandatory every time you cannot infer it then you don’t send it.
QC: Prefers to have it optional. If the information to predict time of stay cannot be provided.
CATT: If concern is on accuracy then accuracy can also be included together with the time of stay. It seems important info.
NEC: The target node needs to know when the target needs to go to the target node. Accuracy could be used to indicate the accuracy.
E///: confidence of prediction cannot be calculated. Proposes an FFS on the presence of this IE.
ZTE: same view as E///.

The presence of the predicted time of stay of a UE in a cell is FFS.


Q5: Do companies support that the actual UE Trajectory over a future period of time shall be provided to the source node (either as part of feedback or as part of input information) and if so, how to maintain UE related information in the predicted UE Trajectory? 

CATT: Support that Target sends UE Trajectory to Source node. UE Trajectory is limited to the cells of the target node.
Lenovo: Good clarification.  If you don’t get this future data you have no way to test a model.
E///: You always have a data set because OAM monitors where UE goes. OAM has info where UE goes. RAN you can use UHI. The trajectory of UE lies at the target. The trajectory becomes inaccurate to calculate when you go far from source. Also issue of maintaining UE context.
QC: Don’t support this. Technically not feasible. On subsequent HOs of UE the prediction may be overwritten. All nodes over trajectory path need to maintain context to remember it is for this UE and keep forwarding this info. If UE goes to idle all context is lost. Who tells the nodes that UE is not in the network. 
NEC: How long is the future period of time? Time of stay in the next cell and the next cell should report feedback after this time of stay.
Lenovo: How to do the training at gNB? OAM may have information about this. If it is only for one cell then it is useful to log the time of stay.
CMCC: Feedback is useful to train a model. It depends on the source node where you get feedback from. 
Lenovo: After HO we don’t need to maintain the UE context. A minimum set used for context.
HW: They are concerned about the possibly lack of Xn. UE History information to determine whether trajectory is accurate enough.
CATT, ZTE:  We have a feedback agreed in the framework. If there is an Inference there needs to be feedback.
E///: if model is trained at OAM then OAM can have data. Training data could be data provided by OAM to RAN even in case of training in gNB.

Q4: Do companies support that the source NG-RAN node that has predicted UE Trajectory and who sends it to a target NG-RAN node needs to understand the accuracy of this prediction in order to monitor its AI/ML Model performance?

No consensus. 

Q6: XnAP TP: Please provide your comments on the revision of R3-230463 in R3-230855? 
FFS whether predicted UE Trajectory spans across multiple NG-RAN nodes or it is limited within a single target NG-RAN node.
Agree the XnAP TP in R3-230855.


4. Discussion
During the online session two main topics were discussed. Specifically, we addressed certain details of predicted UE Trajectory indicated in Handover Request message and whether the actual trajectory after a certain period of time in the future needs to be provided back to the source node. During the online discussion the following open issues were captured by the Chair:
Introduce Expected RRC state in the predicted UE trajectory information? Predicted beam index? Confidence?
Providing the actual UE trajectory over a period of time as part of feedback information?
Here, we will focus on these open issues. In addition, we will work on the TP provided in R3-230463.

Q1: Do companies support to include information about the predicted RRC state in the cells of the predicted UE trajectory?
	Company
	Yes/No
	Comment

	QC
	NO
	.We assume the prediction is only for connected mode mobility as the UE becomes unidentifiable at RAN when it goes to Idle. Hence predicted RRC state is not needed. 
We support providing Predicted UE Trajectory for cells.

	NEC
	No
	Agree only connected mode of UE can be predicated

	Huawei
	Maybe
	We think that this could be useful for training purposes of the AI/ML model being used for UE trajectory prediction; not sure however how the UE’s RRC state could be predicted, so further discussions on this should happen in RAN3 

	Intel
	No
	In our understanding, mobility optimization use case is mainly target for performance optimization of a UE that is in RRC_CONNECTED state. If a UE turns into RRC_IDLE/INACTIVE, the principle of camping on a new cell is different from handover, which is a UE behavior following cell reselection principles. The target cell that the source NG-RAN node predicts for handover may not be the one that UE selects to camp on. Therefore, such idle/inactive state UEs’ actual location information may not be useful for the source NG-RAN node’s AI/ML model update and performance tuning. Hence, there’s no need for to introduce expected RRC state when requesting UE trajectory. 

	Samsung
	No
	Firstly, it needs more information to predict which state the UE is. And not sure whether the RRC state can be predicted or not (although it is up to the implementation, we need to see the feasibility). Secondly, the trajectory is to help to select the target cell for handover. If the UE is in inactive or idle state, the HO is not applied. The trajectory just indicate which cell it will be. The node only set the decision for UEs in connected state. When the UE is in inactive/idel state, the node do not need to care about it. So the RRC state issue can be solved by node, and there is no need to indicate it in the trajectory prediction.

	Lenovo
	No with comment
	If we want to predict the UE RRC state, we are essentially predicting the UE traffic in the future, e.g., if there will be UE traffic in UL/DL then UE will be in RRC connected…In our view, providing the predicted UE traffic in the future would be more useful

	CATT
	
	We think instead of providing the predicted RRC status,predicted UE traffic could be provide.With this information ,the target node could detect the possible RRC state.

	Nokia
	Yes
	In our view obtaining a trajectory both for idle and connected RRC state is useful to tell the neighbour whether a mobility action was taken by the UE or by the network. Information could be provided to the network by the UE during the reporting.

	ZTE
	No
	Firsr, we are not acknowledged that whether the RRC state can be predicted or not. Then, if the predicted RRC state can be predicted, what’s its benefit for HO procedure. The predicted UE trajectory is used to choose the appropriate target node and perform subsequent mobility optimization.
Need more discussion on this one.

	Deutsche Telekom
	No
	We also see the prediction primarily for optimization of HOs for UEs in RRC_Connected mode. As mode changes are dependent on many different factors, we don’t expect a proper estimation to differniate between states that would help for further optimization. So cell prediction should be sufficient. 

	LGE
	No
	For mobility optimization use case, we should predict the trajectory of the RRC Connected UEs rather than the RRC Idle/Inactive UEs. So, there is no need to include information about the predicted RRC state in the cells of the predicted UE trajectory.

	Ericsson
	No to the current question but yes to have UE RRC state in  history information
	We believe that it will be difficult to predict the RRC state the UE will be at the time of mobility to a future target cell. Fro this addition of the RRC state in the Predicted UE Trajectory is not viable in our opinion. 
However, we believe that the NG-RAN will benefit in receiving UE History Information (both from the RAN and from the UE) where the UE RRC state is indicated for each cell listed in the history. This will provide history information that would help the NG-RAN to better forecast UE mobility in RRC_Connected Mode.

	InterDigital
	
	Agree with Ericsson



Q2: Do companies support to include not only the Cell ID, but optionally also the Beam Index in predicted UE Trajectory?
	Company
	Yes/No
	Comment

	QC
	NO
	.The beam index of neighbouring cells is unknown. It is not exchanged via XN. Hence the predicting node does not have sufficient information to predict the beam index of the neighbour. 
Moreover, the beam configuration of the neighbouring cells can be dynamic. Hence we think it is not so beneficial to predict the beam index at the source. 
The Measurement Report from the UE is anyways sent in HO Request and the target can select the appropriate beam. 

	NEC
	No
	Beam of the neighbour cell is unknow to the source cell by the current spec. 

	Huawei
	No strong view
	Open to discuss this: which is the motivation for that (maybe better actions at target node side, e.g., resource allocation for possible AI/ML driven HO?) and we assume that no additional info needed in order to make such prediction?

	Intel
	No
	

	Samsung
	No
	We have agreed cell-level as the starting point. We’d better focus on the cell level now.

	Lenovo
	Not now
	We agreed to support cell level trajectory prediction, so better to stick with that. 

	CATT
	Yes
	As described in our contribution,beam level predication information would help the target node allocate radio resources during handover or SN addition procedure which would be muc more efficient.

	Nokia
	Not at this stage
	Introducing additional beam index information in the Cell-based UE Trajectory could be useful but we are not sure how this information can become available at the source to make the prediction. It is currently non-existent.  

	ZTE
	No
	Beam related information is not included in the current TR. We can focus on the cell-level trajectory prediction for now.

	Deutsche Telekom
	Perhaps
	Needs further discussion to get the expected benefits from that approach.

	LGE
	No
	We have a similar understanding with Qualcomm. 

	Ericsson
	No
	It is already difficult enough to predict future target mobility cells. It is much more difficult and perhaps unrealistic to predict future serving beams. Here a number of potential issues to consider:
· The source of the UE Trajectory Prediction may not know the SSBs supported by the cells included in the UE Trajectory Prediction. 
· SSB beams may be subject to coverage changes. A reliable prediction should therefore also be based on knowledge of how SSB coverage areas will change in the future
· For the purpose of mobility optimisation, knowing in which SSB coverage area the UE will be served does not seem to bring any benefit  

	InterDigital
	No
	




Q3: Do companies support that the predicted time of stay in a cell is an optional or a mandatory field?

	Company
	Optional/Mandatory
	Comment

	QC
	Optional
	.If the predicting node has sufficient information to predict the time stayed in the cell, then it can provide this info. Else it may not.
Prediction is based on input data availability. It is not a past data and it is prediction into future. If no input data is available to predict time stayed in the cell, then the node need not provide this info.
Without time of stay in a cell, just the cell ID information is useful at the target to make RRM decisions. Hence it cannot be both the IEs or none.

	NEC
	Mandatory
	The target node can only prepare the radio resource for handover if it knows when the UE will move to the target node.

	Huawei
	No strong view
	Open to discuss this: we think that providing predicted time of stay in a cell could help the target node to better prepare resources for the UE to be handed over in a timely manner

	Intel
	See comment
	In our understanding, this list of cells is used as reference for the target NG-RAN node to take into account when it makes handover decision. 
The target NG-RAN node may take the predicted time of stay into account, e.g. if the time is too short, target NG-RAN node may consider not to take the cell into account for handover. 
Together with expected handover time toward the cell in the list, the target NG-RAN node could make handover decision directly. Hencee, we think both fields are important and necessary for the predicted cell.
Without these two information, we don’t see a value to inform target NG-RAN node about the predicted cell list only with cell ID since the target anyway needs to process further on when/how to perform handover towards the cell in the list.


	CMCC
	Mandatory
	This information is useful especially in the scenarios where UE moves fast. 

	Samsung
	Optional
	It depends on the model design. If the model can not generate the staying time. The trajectory is just for the target cell selection. When and how to set the HO decision can based on the legacy meachanism, and SON mechanism can be used to solve the ping-pong issue. 

	Lenovo
	Prefer Mandatory
	It makes big difference if UE is predicted to stay in one cell for 1mins or 30mins. Only providing a list of cell IDs really not much useful..

	[bookmark: OLE_LINK9][bookmark: OLE_LINK10]CATT
	M 
	Since we are talking the predicted UE trajectory,it could only be supported by having the predicted time of stay.
Also,we could not understand the scenario that only predicted cell is provided.From our point of view,if a NG-RAN node make the prediction on the subsequent cells,it could definitely predict the time of stay.  

	Nokia
	Mandatory
	UE History Information provides cell information together with time spent in the cell as mandatory fields. The motivation to make the expected time spent optional is unclear to us. It is of course possible that there is some uncertainty in the expected time spent in a cell for a given UE but in such cases a node could assume that it doesn’t have a model available to predict UE Trajectory. 
If you provide your neighbour a trajectory including only a list of cells into the future it is unclear how this is additional information from what the target already knows about itself and its own cells. It would be useful for the target to know how long a UE is expected to spend in its cells to optimize resources.

	ZTE
	Optional
	Agree with SS. This output is depended on model design. We can not limit that the predicted UE trajectory should incude the predicted time of stay in a cell. If NG-RAN node support to predicted the time, that’s OK to provide this information, otherwise, only provide the predicted UE trajectory.

	Deutsche Telekom
	Optional
	Certainly, the predicted stay time will improve any AI/ML approach, but dependent on network deployment/environment, such values may have a wide spread of values. From that perspective, the provisioning of suitable values will be probably scenario dependent and therefoe optional.

	LGE
	Mandatory but
	Providing the predicted time of stay in a cell is useful. However, according to the AI model to be considered, it is likely to not provide this predicted time.

	Ericsson
	Optional, but see comments
	We surely agree that the Time of Stay in Cell is a valuable piece of information that helps the node receiving the Trajectory Prediction to know with better accuracy the UE´s mobility pattern. This enables for better HO predicitons and resource management. 
However, predicting the Time of Stay in Cell may be challenging, especially for e.g. fast moving UEs, UEs not perfectly falling in recursive mobility patterns etc. In such cases, mandating to provide the Time of Stay in Cell may result in providing a prediction with a very poor accuracy, which might cause more harm than good. 
We believe that, in cases where a sufficiently accurate prediction of the Time of Stay in Cell cannot be provided, it would be anyhow valuable to signal to a neighbour node the predicted cells in the UE trajectory. Predicted cells provide anyhow information about the fact that the UE is going toeard a certain area. The latter could enable to optimise network and resource management, e.g. it could increase the weight on a decision to activate a new cell in the areas where the UE is predicted to move. 

	InterDigital
	Optional
	


 

Q4: Do companies support that the source NG-RAN node that has predicted UE Trajectory and who sends it to a target NG-RAN node needs to understand the accuracy of this prediction in order to monitor its AI/ML Model performance?


	Company
	Yes/No
	Comment

	QC
	No
	.It is desirable to know the accuracy of Model performance always. However in this scenario it is technically not feasible.
For the immediate target1 the source can know if the prediction worked or not based on the UE’s feedback if HO failed etc.
Reason1: Now when the UE in the target1, the prediction is done by target1. Hence the UE trajectory precition may be same as the source or overwritted by target1. Hence it is not possible for the target1 to remember the source’s prediction and provide feedback accordingly. 
Reason2: all the target nodes in the HO path need to remember the UE AP ID to validate the feedback received. This is not feasible.
Reason3: How long should the predicting node maintain the context. How can it recycle the UE AP IDs if the predicting node keeps maintaining UE APIDs for feedback correlation.
Reason4: The predicting node may not know when the UE goes to Idle. Once the UE goes to idle, no feedback can be provided.

Hence due to the above reasons we think it is no feasible to receive the feedback on UE Trajectory prediction. It is a RAN limitation!

	NEC
	Yes
	The predicated UE trajectory is used for the target node to prepare the handover radio resource, the source node can’t 100% guarantee that the UE will move to the target node and how long the UE wil stay in the target node. So it is necessary to provide the accuracy to assist the target node to prepare the radio resource.  

	Huawei
	Maybe not
	Q4 is not so clear: source node makes a trajectory prediction for a UE with an accuracy associated to it, why it is the source node that needs to understand it? Maybe does it relate to feedback information, rather than prediction accuracy?
 In general, we think it is not useful to provide accuracy along with the trajectory prediction since accuracy is not a deterministic information by default, but a prediction itself, and how the receiving node would use this accuracy info, trust it or not?

	Intel
	Yes
	The accuracy provided together with predcited UE trajectory could be a general accuracy value of the AI/ML model used by source NG-RAN node, i.e. doesn’t need to be accuracy of UE trajectory predition. Hence, feedback of UE actual trajectory may not be necessary. 
Accuracy can help the target node understand how much weight this output can be considered. 

	CMCC
	No
	The accuracy understood by target node is not the same as understood by source node, it is assumed that the source node should try to give an accurate predication. The accuracy may be carried but just a reference, not very important.

	Samsung
	See comments
	It can be indirectly obtained by HO-ed UE performance feedback.
Feedbacking the actual trajectory leads to the signalling burden. The trajectory prediction is for the HO decision. HO-ed UE performance feedback already agreed as the feedback information. When the performance of HO-ed UE is good, it means the HO decision is good, which can indirectly indicate the trajectory prediction model is still workable and does not need to be updated.

	Lenovo
	Yes
	We think it is essential to understand the prediction accuracy for the sake of model monitoring and necessary model refine/update. 

	CATT
	Yes
	Normally, the accuracy of prediction is not a constant.Even with the same model, the output could be different.If the target node does not know the accuracy,it would impact the final RRM decision.

	Nokia
	Yes but
	We think that the accuracy of a trajectory will depend on its length. A node will have better confidence on its next cell than on what is a far away cell a UE may visit in the future. But we also see that the biggest gain in sending predicted UE Trajectory is to improve a node’s Handover action and resource reservation at the target node that receives this information. Subsequent cells can be useful as part of assistance information to the receiving node but no accuracy guarantees are necessary for those. 
Accuracy of the predicted next cell choice can be understood at the source node after a Handover through the received reports so the source node knows whether it has predicted correctly the next target or not  


	ZTE
	Yes for source node can calculate the accuracy by itself.
	UE performance is one of the information to evaluate the model. However, if the source node performs the predicted UE trajectory, which its model inside need the actual UE trajectory to calculate the performance. We suggest to agree the actual UE trajectory can be considered as feedback. And how to transfer actual UE trajectory from new targert node to source node is FFS.

	Deutsche Telekom
	Perhaps
	We see the accuracy of the predicted UE trajectory as a useful information, but we see the limitations we have currently in the RAN to gain that information from target nodes’ feedback (see e.g. QC’s answer). We don’t see the accuracy as a mandatory parameter, but according to feedback information evaluated in the source node it could give the target node some reliability on the general prediction quality.

	Ericsson
	No, see comments
	We agree with Nokia that it is useful for the source node of the UE Trajectory Prediction to understand whether the UE moved to the next hop and therefore to deduce the accuracy of its next hop mobility prediction. This could be achieved in a relatively simple way and it could improve inference for next hop predictions. But we also agree with Qualcomm that calculating an accuracy prediction by comparing cthe UE Trajectory Prediction with the ground truth is impossible in this case and it carries an enormous impact and complexity increase. 
We rather believe that retrieval of the UE History Information could be used as a way to estimate the prediction of UE Trajectory Predictions.

	InterDigital
	No
	Agree with Ericsson



Q5: Do companies support that the actual UE Trajectory over a future period of time shall be provided to the source node (either as part of feedback or as part of input information) and if so, how to maintain UE related information in the predicted UE Trajectory? 

	Company
	Yes/No
	Comment

	QC
	NO
	.Please see above.

	NEC
	No 
	We think the actual UE trajectory can be requested in the handover request message to the target node, and then after the UE successfully handover to the target node, the target node should feedback the actual UE trajectory to the source right after the handover behavior. 

	Huawei
	Yes but
	We think this relates to the problem of maintaining the UE context in the source node after HO to target. In our opinion, the source node should keep UE context for a while after HO is finished, detailed behaviour could be left to implementation.
Moreover, maybe knowing the actual UE trajectory could be useful for the source node (the node which made the prediction) just for the very first cells in the list (i.e. first cell and max second cell in the predicted trajectory), since other actual visited cells could be different from the ones in the trajectory prediction due to node-specific constraints

	Intel
	No
	See above 

	CMCC
	yes
	It is a useful feedback to help the AI/ML model adjust its training algorithm. 
If the source node where AI/ML model exists doesn’t want to maintain the UE context, it can not request the feedback. Otherwise, the source node should maintain a minimal set of UE context information before the feedback comes back. 

	Samsung
	No
	Please see above.

	Lenovo
	Yes
	Besides as feedback, we also agree it is very useful to get the future UE trajectory as input data for AI model training. If gNB1 (owner of cell 1 and 2) wants to predict the UE trajectory towards gNB2 (owner of cell 3 and 4), a very typical AI training data set that can be used by gNB1 will consist of UE trajectory logs in all cells 1,2,3,4.

	CATT
	Yes
	For the source side,if it request the actual UE trajectory towards the target node,then the source node should keep UE context for a while.We think this is what the source NG-RAN node has to pay if it want to improve the accuracy of AI inference.On the other hand,if the source node think its prediction accuracy is good enough,then it does not need to request for the information, 

	Nokia
	Yes under clarification
	For a node to be able to calculate a predicted cell trajectory it needs to receive information from future cells where a UE may end up in order to be able to make its prediction. Future cell information will be needed in a consistent way so that the node can keep a good list of possible trajectories passing through its cells. This future cell information can also serve as ground truth information on trajectory prediction. But we think that it is not possible that the node can actually determine if a particular UE actually followed a given trajectory. It can only use future cell information to update/improve its understanding on available trajectory patterns emanating from its cells.    

	ZTE
	No
	Please see above.

	Deutsche Telekom
	Yes but …
	We share Huawei’s view on that topic.

	Ericsson
	No
	There are many drawbacks and considerable complexity impacts associated with this proposal. Here we list a few:
· After the UE moves away from the source that produced the UE Trajectory Prediciton, the source RAN node will remove the UE context. It is therefore impossible to compare the UE Trajectory Prediction (which is part of the UE context information) with any ground truth the source RAN might receive at a later stage
· The ground truth (i.e. actual UE trajectory) could be signalled by a RAN node far away and not Xn connected to the UE Trajectory Prediction source RAN node. How should the ground truth be signalled then? The only solution would be over the NG interface, but we have agreed that the work in RAN3 should not impact the NG interface
· After the UE Trajectory Prediction is generated, cells could be activated, deactivated, cell coverage could be modified, etc. This results in a ground truth that is surelyu different from the UE Trajectory Prediction. How could then prediction and ground truth be compared without generating errors?  

	InterDigital
	No
	Complexity  see above arguements




[bookmark: _Hlk128573739]Q6: XnAP TP: Please provide your comments on the revision of R3-230463 in R3-230855? 
	Company
	Comments

	QC
	.We co-sourced TP in R3-230463. We prefer to have R3-230463

	Huawei
	Just a general comment, is the option of using the agreed new class 1&2 to transfer predicted trajectory info excluded?
We also think that we have to address the issue on how to transfer the UE performance feedback: if we go with reusing existing signalling procedures then we could foresee a feedback indication to be included in the HO REQUEST along with the cell-based UE trajectory information. We are open to discuss also other solutions, e.g., use the new agreed class 1/2 procedures for AI/ML Information Reporting 

	CATT
	It is OK to start with this TP.The predicted validity time should be M.

	Nokia
	We agree with the TP but we only propose to make predicted time UE stays in cell a mandatory field for the reasons mentioned above.

	ZTE
	Same question as HW. The predicted UE trajectory could also be transferred through new class1&2 procedure.

	Ericsson
	We agree with R3-230463. If the main issue is the presence of the Time UE Stayed in Cell, we could set this to FFS

	InterDigital
	We agree with R3-230463 Time stay in cell can be set to FFS for now





5. Conclusion, Recommendations [if needed]
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