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1   Introduction
According to the RAN plenary #102 meeting, the study on AI/ML for mobility in NR is approved [1], where the objective is to study and evaluate potential benefits and gains of AI/ML aided mobility for network triggered L3-based handover. Overall three aspects are considered for the AI/ML based RRM and event prediction, including:
· Cell-level measurement prediction including intra and inter-frequency (UE sided and NW sided model) [RAN2]
· Inter-cell Beam-level measurement prediction for L3 Mobility (UE sided and NW sided model) [RAN2]
· HO failure/RLF prediction (UE sided model) [RAN2]
· Measurement events prediction (UE sided model) [RAN2]

In this paper, we discuss the measurement event prediction.
2   Discussion
2.1 Use case analysis
[bookmark: _GoBack]The measurement events are defined to decide whether the UE triggers measurement results reporting. Based on the current standard, the criteria for triggering of an NR measurement reporting event cover scenarios of CHO, CPA, CPC and L2 U2N relay measurement. Among all the events, events A1~A6 are the most relevant to legacy intra-RAT L3-triggered handover, where the definition are as follows: 
	Event A1:	Serving becomes better than absolute threshold;
Event A2:	Serving becomes worse than absolute threshold;
Event A3:	Neighbour becomes amount of offset better than PCell/PSCell;
Event A4:	Neighbour becomes better than absolute threshold;
Event A5:	PCell/PSCell becomes worse than absolute threshold1 AND Neighbour/SCell becomes better than another absolute threshold2;
Event A6:	Neighbour becomes amount of offset better than SCell;



In general, by studying the measurement event prediction, we assume that the mobility performance can be improved by detecting an event earlier than while relying on the current framework. The UE enters or leaves the event if the measurement results meet the condition of the event for a time duration of TTT (time to trigger), with hysteresis being considered as well. Hence a potential time gain can be, e.g. equal to TTT, i.e. instead of relying on TTT to confirm that the measurement report should be triggered, the UE may instead rely on its own prediction and trigger the event immediately. 
Observation 1: The goal of measurement event prediction is to allow for a measurement report to be sent to the gNB earlier than with the current framework which relies on TTT. 
In the remainder of this sub-clause, we further analyse each of the above events (i.e. Events A1-6) case by case.
If Event A1 is triggered, based on the UE reported measurement results, the gNB can deduce whether the current serving cell can continue to provide the service to the UE. In existing measurement of Event A1, the triggering conditions should be fulfilled for TTT before the event is triggered, which may result in delay in stopping an inappropriate handover. With AI aided mobility, the UE can predict the conditions will be fulfilled for TTT and thus can trigger reporting before it is too late. For example, when the gNB already decides to perform HO for the UE or configures the UE with HO related measurement due to the poor service quality of the serving cell, if the UE predicts that A1 shall occur and starts to report measurement results to gNB, the gNB may decide to cancel the HO or related measurement. In this case, some unnecessary HO or measurement can be avoided.
Event A2 is also triggered due to measurement result of the serving cell, while the entering and leaving conditions are opposite to A1. If the UE has predicted that A2 will happen and starts related measurement reporting, though the gNB has not decided to perform HO for the UE since the current serving quality is acceptable, the gNB can configure the UE with HO related measurement and prepare a HO procedure for this UE. In this case, some RLF due to, e.g. sudden deterioration of serving cell quality can be avoided.
Event A3 is triggered if the neighbour cell measurement quality is offset better than the PCell/PSCell. Thus, if UE has predicted that Event A3 will occur and starts to send measurement reports, the gNB can know the candidate target cell in advance and configure the UE with related measurements. Comparing to existing procedures where the gNB decides to hand over the UE after the Event A3 trigger conditions are fulfilled for TTT, using A3 event prediction can reduce the HO execution time. Event A4 and A5 are similar to A3, except that in A4, UE do not need to compare the neighbour with serving cell, while in A5, the measurement results from serving cell and neighbour cells are compared to different thresholds respectively. 
Event A6 is designed for CA case, and it is not relevant to HO, so we think there is no need to study it for measurement events prediction purpose.
As analysed above, the main advantage of AI-aided measurement prediction comes from that via prediction, the UE do not have to wait for TTT before actually triggering the event. The TTT time is saved and the gNB can obtain the UE reported measurement results in time. Once the UE has predicted a specific event shall occur, the UE can choose to report the event prediction results to the gNB explicitly, or implicitly, the UE can start to report the event corresponding measurement according to measurement configuration.
In the following table, we give a summary of the analysis to the above measurement events.
Table 1: Analysis of measurement events A1 ~ A6
	Event ID
	Definition
	Potential benefits from prediction

	A1
	Serving becomes better than threshold.
	Can be used to cancel inappropriate HO or unnecessary measurements.

	A2
	Serving becomes worse than threshold.
	Can be used to trigger HO or measurement in time before sudden deterioration of the serving cell quality.

	A3
	Neighbour becomes offset better than SpCell.
	Can reduce the HO execution time.

	A4
	Neighbour becomes better than threshold.
	Can reduce the HO execution time.

	A5
	SpCell becomes worse than threshold1 and neighbour becomes better than threshold2.
	Can compose the benefits from A2 and A4.

	A6
	Neighbour becomes offset better than SCell.
	Not relevant to this use case.



Furthermore, for events A1 and A2, the UE only needs to consider the serving cell measurement results. To predict A3 and A4 events, the neighbour cell measurement results need to be also considered, which may bring more complexities. Event A5 is somehow a combination of event A2 and A4. 
In the field network deployments, A3 and A5 are the main events which are used for triggering L3 handovers. Furthermore, events such as A1, A2 and A4 can be deduced directly based on the measurement predictions, so the value of studying it on top of measurement prediction is unclear. Therefore, we propose RAN2 to focus on measurement event prediction for events A3 and A5.
Proposal 1: RAN2 should initially focus on event A3 and A5 for measurement event prediction use case.
2.2 Relationship with measurement results prediction
As analysed in sub-clause 2.1, the Ax events are triggered based on measurement results from serving and neighbour cells. Thus, the following two methods can be used to predict measurement events.
· Option A: Joint prediction based on predicted measurement results.
· Option B: Based on specialized measurement events prediction.
In option A, the measurement events prediction relies on the measurement results prediction. The joint-prediction consists of two steps. The first step is to predict the measurement results while the second step is to predict whether a specific measurement event is triggered, according to the event definition and predicted measurement results. Thus, based on the models’ allocation, there are four sub-options.
· Option A-1: Measurement results prediction and event prediction both in UE-side;
· Option A-2: Measurement results prediction in NW-side and event prediction in UE-side;
· Option A-3: Measurement results prediction and event prediction both in NW-side;
· Option A-4: Measurement results prediction in UE-side and event prediction in NW-side;
When looking at the SID directly, only A-1 and A-2 seem to be within the SID scope, since the events prediction is executed at the UE sided. The UE first needs to obtain the predicted measurement results, from UE in A-1, or from the network in A-2. Then, with the predicted measurement results, the UE can further predict whether a specific measurement event is triggered. With A-1, the UE may need measurements from neighbour cells for event A3/4/5 and the gNB may need to configure the UE with inter-frequency measurements if neighbour cells are in non-serving frequencies. For A-2, the NW needs to send the measurement results prediction to the UE, which could involve extra signalling overhead and specification impacts.
On the other hand, the NW-sided model can also be used to perform event prediction. In option A-3, the NW can use the predicted measurement results directly to further predict the events (and measurement results prediction is in the scope of the SID). Therefore, A-3 can be based purely on NW implementation. For A-4, if the NW needs to estimate whether a specific event will happen, the NW may require the UE to provide predicted measurement results over a specified time, e.g. TTT. This can involve extra information exchange over air-interface, e.g. the predicted measurement results and the prediction capabilities from UE-side model. In our opinion, if the joint prediction is adopted, RAN2 can further discuss option A-3 and A-4.
In option B, the UE uses specialized models for measurement event prediction. For the training phase, the UE may use historical measurement results/events and other information like UE trajectory, speed etc. For the inference phase, the output could be the timestamp and ID of an event predicted to happen. In contrast to option A, the measurement results will not be available to other nodes.
[image: ]
Figure 1: Two options for event prediction methods.
We believe that option A (joint mode) has a clear benefit of allowing to reuse measurement prediction models to predict the events and therefore should be studied with higher priority. However, it would be interesting to understand whether there are any significant differences between the performance of option A and B, so we propose RAN2 to study and compare both of them.
Proposal 2: RAN2 to discuss two options for predicting measurement events:
· Option A: Joint prediction based on predicted measurement results.
· Option B: Based on specialized measurement events prediction.

Even though options A-3 and A-4 may appear to be out of scope of the current SID, it should be noted that they do not include any additional specification efforts on top of those related to measurements prediction which would mainly be related to obtaining measurement prediction results from the UE for option A-4 as option A-3 may be purely based on network implementation.
Observation 2: Even though options A-3 and A-4 may appear to be out of scope of the current SID, they do not include any additional specifications efforts on top of those related to measurements prediction which is included in the SID scope.
Based on this observation, we propose the following:
Proposal 3: If option A is adopted, RAN2 can further discuss using option A-3 and A-4, i.e. performing measurement event prediction on the network side.
3   Conclusion
In this paper, we discuss the definition and benefits for predicted events. Further, we give analyses about the relationship with measurement results prediction. The follows are the conclusions.
Observation 1: The goal of measurement event prediction is to allow for a measurement report to be sent to the gNB earlier than with the current framework which relies on TTT. 
Observation 2: Even though options A-3 and A-4 may appear to be out of scope of the current SID, they do not include any additional specifications efforts on top of those related to measurements prediction which is included in the SID scope.
Proposal 1: RAN2 should initially focus on event A3 and A5 for measurement event prediction use case.
Proposal 2: RAN2 to discuss two options for predicting measurement events:
· Option A: Joint prediction based on predicted measurement results.
· Option B: Based on specialized measurement events prediction.
Proposal 3: If option A is adopted, RAN2 can further discuss using option A-3 and A-4, i.e. performing measurement event prediction on the network side.
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