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1	Introduction
A new study item on Artificial Intelligence (AI)/Machine Learning (ML) for mobility in NR was approved in RAN Plenary #102 with the following objectives [1].
	[bookmark: _Ref178064866]
Study and evaluate potential benefits and gains of AI/ML aided mobility for network triggered L3-based handover, considering the following aspects:
· AI/ML based RRM measurement and event prediction, 
· 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]
· Study the need/benefits of any other UE assistance information for the network side model [RAN2]

· The evaluation of the AI/ML aided mobility benefits should consider HO performance KPIs (e.g., Ping-pong HO, HOF/RLF, Time of stay, Handover interruption, prediction accuracy, and measurement reduction) etc.) and complexity tradeoffs [RAN2]
· NOTE: Simulation assumption and methodology can leverage TR 38.901, 38.843 and 36.839. And leave the detail discussion to RAN2
· Potential AI mobility specific enhancement should be based on the Rel19 AI/ML-air interface WID general framework (e.g. LCM, performance monitoring etc) [RAN2]  
· NOTE: This would only be treated after sufficient progress is made in the Rel-19 AI/ML air interface WID 
· Potential specification impacts of AI/ML aided mobility [RAN2]
· Evaluate testability, interoperability, and impacts on RRM requirements and performance [RAN4]

· NOTE 1: RAN1/3 work can be triggered via LS
· NOTE 2: RAN4 scope/work can be defined and confirmed by RAN#105 after some RAN2 discussions (within the RAN4 pre-allocated TUs)
NOTE 3: To avoid duplicate study with “AI/ML for NG-RAN” led by RAN3
NOTE 4: Two-sided model is not included




In this contribution, we will discuss the aspects related to the AI/ML based RRM measurement prediction.

2	Discussion
2.1	Scope of the study item
The Rel-18 SID called “AI/ML for NR Air Interface” studied the usage of temporal and spatial predictions to predict the best or top-K beam(s) in the serving cell, aiming at reducing RS signalling overhead, measurement efforts and UE power consumption etc.
In this respect, the outcome from “AI/ML for NR Air Interface” study can be used for mobility purpose by extending the predictions to include the neighbour cells, as well:
· Temporal prediction can be leveraged for inter-cell cell-level measurement prediction and inter-cell beam-level measurement prediction. Specifically, it can be used to predict serving and/or neighbour cell(s)/beam(s) becoming worse so that unintended event like radio link failure or short-stay handover can be avoided. 
· Spatial prediction can be leveraged for inter-cell cell-level measurement prediction and inter-cell beam-level measurement prediction. Specifically, it can be used to predict a set of neighbour beam(s)/cell(s) by measuring a smaller set of beams/cells. 

However, “AI/ML for NR Air Interface” study did not consider the usage of frequency predictions. The main reason was the absence of any specific use case which required the usage of such type of predictions. However, for the mobility cases, the frequency prediction can be beneficial.
In existing networks, inter-frequency measurements are associated with high cost and complexity as it may take long time for the UE to perform measurements on other frequencies. This increases the risk of late delivery of measurement results to the network which may prevent the network from taking proper actions in time and this increases the risk of mobility failure. It is also more complex to configure measurement gaps and it requires more capacity by the UE to measure in the gaps with a risk of QoS deterioration. 
By using the frequency predictions, the UE measures the quality of a number of cells in a certain frequency and predicts the quality of other cells in another frequency. So, by using frequency predictions instead of actual inter-frequency measurements, the gains could potentially be high. Frequency predictions could help resolving the issues mentioned above and there could potentially be energy savings both in the network side and in the UE side. Therefore, inter-frequency measurements should be evaluated with high priority as part of the study item. It can be noted that RAN1 mainly studied intra-cell predictions and in those scenarios frequency domain prediction didn’t have the same priority, but for RAN2 mobility use cases which require inter-cell predictions, the relevance of inter-frequency predictions is higher.
[bookmark: _Toc163156908]The study item should investigate the benefits for mobility by using the temporal, spatial and frequency predictions.

Considering that this is a study item, we do not see any reason to prioritize among the different types of predictions, that is all three types of prediction should be studied. It may also take quite some effort to reach consensus in RAN2 on what the priorities should be, so it is also better that RAN2 focuses on doing the actual study. 
[bookmark: _Toc163156909]At the start, there is no need to prioritize among the different type of predictions.

Another aspect to discuss is whether to use L1 measurements or L3 filtered measurements (or a combination of them) as input to the AI/ML model for the RRM measurement predictions. Assuming that the output of the model is to predict the L3 filtered cell level measurements, we can assume that L3 beam level measurements should be considered as model input. However, the usage of the unfiltered L1 beam level measurements might also have some benefits: they reflect the channel behaviour better, so they provide the AI/ML model with more detailed information about the channel than the L3 filtered beam measurements.
[bookmark: _Toc163156910]Both L1 beam measurements and L3 filtered beam measurements or a combination of them can be studied as input to the RRM measurement prediction model.

2.2	UE sided model vs. network sided model
In a UE sided model, the UE performs the predictions and sends the results to the network as illustrated below. The network uses the predictions as further input to decisions related to the UE, e.g. handover decisions. 

[image: ]
Fig. 1 Network-based handover decision with UE-side RRM prediction used as input

It is important to note that handover decisions are not only taken based on measurements. There are also other aspects that are considered, e.g. load balancing or energy saving policies in the network. The handover decision needs to be taken by the network based on a number of parameters and inputs and the UE does not have information about the conditions in the network. It is preferable that the UE transmits information to the network based on network configuration.
[bookmark: _Toc163156911]The UE sends prediction information to the network based on configuration by the network.

The details of how predictions are sent to the network can be further studied during the study item. One possibility is to include predictions in MeasurementReport, possibly along with measurements.
[bookmark: _Toc163156912]FFS how predictions are sent to the network.

In a network sided model, the network can configure the UE to send assistance information to the network and the network will use the assistance information to perform predictions on the network side.
[image: ]
Fig. 2 Network-based handover decision with network-side RRM prediction used as input

The assistance information may e.g. comprise UE position, UE trajectory, UE speed, etc. The details of the assistance information should be studied as part of the study item.
[bookmark: _Toc163156913]The network can configure the UE to provide assistance information that can be used for making handover predictions in the network.
[bookmark: _Toc163156914]FFS which assistance information that can be sent.

2.3	Use cases for AI/ML for Mobility
According to the SID, [1], RAN2 should study and evaluate potential benefits and gains of AI/ML aided mobility for network triggered L3-based handover. The study will focus on mobility enhancements in RRC_CONNECTED mode by following existing mobility framework, i.e., the handover decision is always made on the network side.
Handover decisions are taken based on both the conditions of the serving cell(s) and on the conditions of the neighbour cell(s). Therefore, predictions of both serving cell(s) and of neighbour cell(s) are relevant as input for further refinement of handover decisions. Different prediction types can be used for different use cases.

Time domain predictions
In “AI/ML for NR Air Interface”, time-domain predictions were studied for beam management. The input to the predictions was measurements on certain beam(s) in the serving cell and the output was prediction of measurements of the beam(s) at a later point in time, in the same serving cell.
Beam Management AI/ML model:
· Input: measurements on beam(s) at time t0;
· Output: time domain predictions of measurements on beam(s) at time t0+ K*T;

Considering that the scope of this Study Item is the L3 mobility, it is beneficial to use the same principle for predictions on cell level and to extend the usage of the predictions to both serving cell(s) and neighbouring cell(s). In this respect, typical use cases for the usage of the time domain predictions are as described below.

Serving cell time domain prediction:
· [bookmark: _Hlk162964069]Input: Cell measurements and/or beam measurement on serving cell(s) at time t0.
· Output: Time domain prediction of measurements on serving cell(s) ad time t0+K*T.

[bookmark: _Toc163156915]Time domain cell level predictions can be done for serving cell(s) with cell level measurements as input or with beam level measurements as input.

Neighbouring cell time domain prediction:
· Input: Cell measurements and/or beam measurement on neighbouring cell(s) at time t0.
· [bookmark: _Hlk162964516]Output: Time domain prediction of measurements on neighbouring cell(s) ad time t0+K*T.

[bookmark: _Toc163156916]Time domain cell level predictions can be done for neighbouring cell(s) with cell level measurements as input or with beam level measurements as input.

The time domain predictions can be used as further input to handover decisions. In one example, the quality of the serving cell may be deteriorating and the quality of two neighbouring cells may be improving. Based on such measurement results, it may be difficult for the network to choose the best target cell for handover. However, if predictions of the two neighbouring cells are also provided to the network and where the predictions show that the quality of one of the neighbouring cells will improve and the quality of the other neighbouring cell will later deteriorate, it gives useful information for the network to choose the best target cell for the handover.
[bookmark: _Toc163156920]Time domain predictions can be used as input to L3 handover decisions.

Although conditional handover is not part of the study item, it can be noted that time domain predictions are also very useful to improve conditional handover. The predictions can be used to decide when to configure certain cells as target candidate cells for conditional handover. The predictions can also be used by the network to determine when to start early data forwarding to a target candidate cell.
[bookmark: _Toc163156921]Time domain predictions can be used to determine when to configure certain target candidate cells for conditional handover and to determine when to start early data forwarding to a target cell.

Spatial domain predictions
[bookmark: _Hlk162963213]By using the spatial prediction, the UE can use the cell level measurement of some cell(s) to predict the cell level measurement of other cell(s), or the UE can use the beam level measurement of one cell to predict the cell level measurement of same cell. The spatial domain predictions are limited to intra-frequency cells.
[bookmark: _Toc163156922]The spatial domain predictions are limited to intra-frequency cells only.

[bookmark: _Hlk162963771]One benefit of spatial domain predictions is that the UE, by keeping the same number of cell measurements, it can report more cell measurements (measured cells plus predicted cells) to the network. Alternatively, the UE can reduce the number of actual measurements, but report the same number of cell measurement output. By reducing the number of measurements, the report can be sent quicker.
The benefits are mainly at the UE side as the UE does not need to perform as much measurements, but it could also be beneficial for the network to receive predictions early.
The use case for the usage of the spatial domain predictions is the following:
Spatial domain predictions:
· Input: Available serving/neighbour cell level measurements and/or beam level measurements.
· [bookmark: _Hlk162966426]Output: Prediction of other neighbour cell level measurements.

[bookmark: _Toc163156917]Spatial domain cell level predictions can be done by using cell level measurements as input or beam level measurements as input.

One possible usage of spatial domain predictions is that the UE reports to the network measurements for the cells it has measured and, in addition, reports predictions of some cells that it has not measured. This could serve as early indication to the network of where the UE is heading.
Another possibility is that the UE includes more beam measurements based on predictions in the reports. This can e.g. be taken into account for RACH configurations.

Frequency domain predictions
Frequency domain predictions may be the most beneficial type of prediction. In existing procedures, measurements on other frequencies are associated with high cost, complexity and capacity. It would be very beneficial if predictions on other frequencies could be done instead of performing measurements. The use cases for the usage of the frequency domain predictions are as described below.
Frequency domain predictions:
· Input: Available serving/neighbour cell level measurements and/or beam measurements in frequency F1.
· Output: Prediction of other neighbour cell level measurements in frequency F2.

For this type of prediction, much time and capacity can be saved as the UE doesn’t have to switch and measure on the other frequency. Frequency domain predictions should be evaluated as part of the study item and gains should be confirmed. The gains could e.g. be in terms of throughput, time, capacity, shorter measurement gaps, shorter interruption time in data transmissions, etc.
Also, for frequency domain predictions, the UE can send the prediction results to the network based on network configuration. The details can be further studied as proposed above. 
The scenarios for frequency domain predictions can be complex and it could be good to start with co-located scenarios and evaluate the results of the predictions.
[bookmark: _Toc163156918]Frequency domain cell level predictions can be done by using cell level measurements as input or beam level measurements as input.
[bookmark: _Toc163156919]Co-located scenarios can be evaluated first in the study item and later non-co-located scenarios.

Combinations of the different types of predictions (multi-dimensional predictions) e.g., frequency + temporal predictions can also be considered, but perhaps not to start with.

Conclusion
In the previous sections we made the following observations: 
Observation 1	Time domain predictions can be used as input to L3 handover decisions.
Observation 2	Time domain predictions can be used to determine when to configure certain target candidate cells for conditional handover and to determine when to start early data forwarding to a target cell.
Observation 3	The spatial domain predictions are limited to intra-frequency cells only.

Based on the discussion in this document we propose the following:
Proposal 1	The study item should investigate the benefits for mobility by using the temporal, spatial and frequency predictions.
Proposal 2	At the start, there is no need to prioritize among the different type of predictions.
Proposal 3	Both L1 beam measurements and L3 filtered beam measurements or a combination of them can be studied as input to the RRM measurement prediction model.
Proposal 4	The UE sends prediction information to the network based on configuration by the network.
Proposal 5	FFS how predictions are sent to the network.
Proposal 6	The network can configure the UE to provide assistance information that can be used for making handover predictions in the network.
Proposal 7	FFS which assistance information that can be sent.
Proposal 8	Time domain cell level predictions can be done for serving cell(s) with cell level measurements as input or with beam level measurements as input.
Proposal 9	Time domain cell level predictions can be done for neighbouring cell(s) with cell level measurements as input or with beam level measurements as input.
Proposal 10	Spatial domain cell level predictions can be done by using cell level measurements as input or beam level measurements as input.
Proposal 11	Frequency domain cell level predictions can be done by using cell level measurements as input or beam level measurements as input.
Proposal 12	Co-located scenarios can be evaluated first in the study item and later non-co-located scenarios.
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