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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]




In this contribution, we will discuss some aspects related to the AI/ML based RRM measurement prediction.
2	Discussion
2.1	Consideration on RRM measurement prediction
In RAN2#125bis it has been discussed and agree to focus on the sub-cases in this study item. 
Agreements
For cell level measurement prediction model, at least consider the following cases:
· Case 1: To predict beam level results, then generate cell level results based on the predicted beam results; 
· Case 2: To directly predict cell level results based on cell level results.
· Case 3: To directly predict cell level results based on beam level results 
On aspect that can be further considered is what measurement quantities to be used for evaluation purpose. The RRM measurements according to the current TS 38.331 (version 18.1.0) can be performed based on the network configuration for RSRP, RSRQ and SINR quantities. While the RSRP represents the received reference signals power, the RSRQ and SINR represent the quality of the radio link including the noise and, in particular, interference which might depend on the load in the serving and neighbouring cells. In our understanding it is better to start with RSRP prediction first and extend to the SINR and RSRQ when prediction accuracy is evaluated for the RSRP measurements.
[bookmark: _Toc166142535][bookmark: _Toc166184117]RAN2 agree to start evaluation of RRM measurement predictions with prediction of RSRP quantity. 
Regarding to the RSRP predictions (at cell and beam level), provided that the study item is limited to the L3 based mobility procedures, our understanding is that the output of the AIML model can be confined to prediction of the L3 filtered RSRP measurements. Therefore, we propose the following.
[bookmark: _Toc166142536][bookmark: _Toc166184118]RAN2 agree to confine the model output to the L3 filtered measurement prediction.
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: _Toc166142537][bookmark: _Toc166184119]L3 filtered beam measurements is considered as input to the RRM measurement prediction model. L1 unfiltered measurement is FFS.
[bookmark: _Hlk165642803]2.2	Consistent RRM measurement across training and inference
Inconsistency of the RRM measurement across training and inference phase might occur due to incorrect configurations. To exemplify, the measurements collected at the time of training may be performed with certain filtering-coefficients which may substantially changes the trend/behaviour of the collected RRM measurements. Any substantial change in the trend/behaviour of collected RRM measurements would lead to different predicted values by the AIML model. An example of the impact of the configuration on the RSRP measurements is shown in the Figure 1.  
As shown below, a filtering co-efficient set to 0.8 percent can smoothen the RSRP measurements and, compared to the filtering co-efficient set to 0.2, sometimes an RSRP difference of 10 [dbm] is observed. Such differences in the RSRP values would lead to substantial changes in the training the RSRP behaviour at the UE which in turn, at the time of inference, may lead to a performance degradation in terms of prediction accuracy. This happens due to the inconsistency between the configuration (e.g., filtering co-efficient) used at the time of training and at the time of inference.
[image: A graph with blue and green lines and dots

Description automatically generated]
Figure 1.  Impact of the filtering co-efficient on the RSRP measurement trend/behaviour [synthetic data is used for the purpose of illustration]. Red curve is filtered with FC=0.2; Green curve is filtered with FC=0.8. 
In order to ensure consistent measurements during the data collection phase for model training and measurements during the inference phase, the network and the UE need to exchange the configurations required for performing RRM measurement as input to the prediction model at inference phase. A schematic view of the signalling required for handshaking the configuration between UE and network is shown in Figure 2.  In our understanding, such handshaking is essential to happen before configuring the UE with AIML configuration to avoid deterioration of the prediction accuracy due to inconsistent configuration.
[image: ]
Figure 2: Schematic view of handshaking of AI/ML RRM measurement prediction configurations for the sake of consistent RRM measurements across training and inference phase. Such handshaking is deemed essential before configuring the UE with AIML configuration to avoid deterioration of the prediction accuracy due to inconsistent configuration.

[bookmark: _Toc166142539][bookmark: _Toc166184120]RAN2 discuss to avoid deterioration of the prediction accuracy using handshaking of configuration before inference.

2.3	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. 
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.
The configuration sent from the network to the UE can include several parameters such as type of predictions (temporal, spatial or frequency domain predictions), amount of predicted samples, prediction window, accuracy threshold for the predictions and many other parameters used by the UE to generate the predictions. The details of the content of the configuration and how the configuration is sent to the UE can be further studied, but one possibility is to include the prediction configuration in a RRCReconfiguration message.


[image: ]
Figure 3. Network-based handover decision with UE-side RRM prediction. Network controls the UE predictions (in time, space and frequency domain) using prediction configuration.

[bookmark: _Toc166142540][bookmark: _Toc166184121]The network uses RRC message to transmit the prediction configuration to the UE. 
[bookmark: _Toc166142541][bookmark: _Toc166184122]The UE sends prediction information to the network based on configuration received from 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: _Toc166142542][bookmark: _Toc166184123]FFS how RRM 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: ]
Figure 4. Network-based handover decision with network-side RRM prediction as well as other local data at the gNB
The assistance information may be UE position, UE trajectory, UE speed, sensor information, etc. The details of the assistance information should be studied as part of the study item.
[bookmark: _Toc166142543][bookmark: _Toc166184124]The network can configure the UE to provide assistance information collected as input for mobility related predictions in the network.
[bookmark: _Toc166142137][bookmark: _Toc166142544][bookmark: _Toc166184125]FFS which assistance information to be reported by the UE for network sided RRM prediction
[bookmark: _Toc166142309][bookmark: _Toc166142360][bookmark: _Toc166142138][bookmark: _Toc166142310][bookmark: _Toc166142361][bookmark: _Toc166142139]
Conclusion
In the previous sections we made the following proposals:
Proposal 1	RAN2 agree to start evaluation of RRM measurement predictions with prediction of RSRP quantity.
Proposal 2	RAN2 agree to confine the model output to the L3 filtered measurement prediction.
Proposal 3	L3 filtered beam measurements is considered as input to the RRM measurement prediction model. L1 unfiltered measurement is FFS.
Proposal 4	RAN2 discuss to avoid deterioration of the prediction accuracy using handshaking of configuration before inference.
Proposal 5	The network uses RRC message to transmit the prediction configuration to the UE.
Proposal 6	The UE sends prediction information to the network based on configuration received from the network.
Proposal 7	FFS how RRM predictions are sent to the network.
Proposal 8	The network can configure the UE to provide assistance information collected as input for mobility related predictions in the network.
Proposal 9	FFS which assistance information to be reported by the UE for network sided RRM prediction
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