3GPP TSG-RAN WG3 Meeting #110e
R3-206718
2nd - 12th Nov 2020

Agenda item:
18.3
Source: 
ZTE, Lenovo, Motolora mobility, CMCC, China Unicom
Title: 
AI based UE Trajectory Prediction
Document for:
Discussion and Approval
Introduction

At the 3GPP TSG RAN#88e meeting, a new SI “Study on enhancement for data collection for NR and ENDC” [1] was approved for Release 17. To meet the 5G network requirements of key performance including latency, reliable, user experience,etc., Artificial Intelligence (AI) including machine learning (ML) algorithms shall be introduced to improve the network management, instead of traditional interaction that is time consuming, expensive and error-prone. 

In this contribution, we focus on the uses case of AI based UE Trajectory Prediction.
Discussion

With the development of wireless communication technologies and explosive increases number of UEs, data traffic grows rapidly so that much denser deployment is essential. More frequent handover cause higher latency and throughput reduction, which has a negative impact on the network performance and users’ satisfaction. UEs are handed over frequently, which may cause handover anomalies: e.g., short stay, ping-pong handover, early handover, late handover. For the applications of 5G network including energy saving, load balance, resource allocation and mobility management, it is essential to predict the positions of mobile users in the future so as to make preparation in advance.

Capability of predicting mobile users’ next-period positions is not only of great benefits to network resource allocation but also improve its intelligence and effectiveness. Accurate next-location prediction enable the network to obtain users' information in advance, and target NG-RAN node can assign the resource and optimize network configuration for the incoming user to increase users' quality of services and the utilization rate of network resources.  Moreover, User trajectory prediction plays an important role in the field of automatic driving and Unmanned Aerial Vehicle (UAV). Even now, to trace the trajectory of the epidemic, the user's trajectory can be obtained through 5G network and big data intelligent analysis technology, which helps local governments analyze specific users' trajectory to take prevention action in advance. 

Obesevation1:  Predict the positions of mobile users plays an important role in many application area, e.g., energy saving, load balancing, mobility management.. Capability of predicting mobile users’ next-period positions is not only of great benefits to network resource allocation but also improve its intelligence and effectiveness.
UE trajectory prediction based on AI algorithms

AI algorithms, Long short-term memory (LSTM) is selected as the location prediction models. The models exploit the historical UE geographic location (e.g. latitude, longitude) over a period of time, current UE orientation and RSRP information for serving and neighbour cells to predict the future position, so that in this case, historical geographic location, orientation and RSRP information are taken into consideration when constructing the AI model. The simulation results of the location prediction is shown in the Figure 1.
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Figure 1: Comparison of the location prediction using different features

In addition,  we evaluate the prediction performance of LSTM with different features. Figure 2 shows the distance error for different features, where RSRP_S and RSRP_N denotes RSRP values from the serving base station and neighbour base station. 
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Figure 2: Average distance error of LSTM based location and various features

It is obvious that introducing the orientation information into the LSTM network is of benefit to the location prediction. In addition, LSTM using RSRP information from the serving base station exhibits apparently better performance than the LSTM only using the geographic location, while RSRP values from two neighbour base stations can enhance the ability of LSTM to predict the next location. Therefore, it is concluded that the features, such as the orientation, measurement RSRP, are helpful to the location prediction in the communication network.
Observation 2: The features such as the orientation, RSRP information for serving and neighbour cells are helpful to the location prediction, and AI algorithms could be selected to deal with location prediction.
Based on the discussion and simulation given above,  AI based trajectory prediction is of benefits to optimize the network. Accurate prediction helps RAN to make effective mobility management and increase resource utilization. Therefore, we propose to further study on the trajectory prediction based mobility management, i.e. how to specify it within 3GPP scope, and how to standardize it into the current NG-RAN structure and interfaces.
Proposal 1: UE Trajectory prediction with AI shall be studied as a use case.

Proposal 2: The corresponding TP for TR37.817 is provided as below.
3. Conclusion

It is proposed to approve the following proposals:

Obesevation1:  Predict the positions of mobile users plays an important role in many application area, e.g., energy saving, load balancing, mobility management.. Capability of predicting mobile users’ next-period positions is not only of great benefits to network resource allocation but also improve its intelligence and effectiveness.
Observation 2: The features such as the orientation, RSRP information for serving and neighbour cells are helpful to the location prediction, and AI algorithm could be selected to deal with location prediction.

Proposal 1: Trajectory prediction based mobility management with AI shall be studied as a use case.

Proposal 2: The corresponding TP for TR37.817 is provided as below.
4. References
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5. 
TP for TR 37.817
X.1 UE Trajectory Prediction
X.1.1 Use case description

With the development of wireless communication technologies and explosive increases number of UEs, data traffic grows rapidly so that much denser deployment is essential. More frequent handover cause higher latency and throughput reduction, which has a negative impact on the network performance and users' satisfaction. UEs are handed over frequently, which may cause handover anomalies: e.g., short stay, ping-pong handover, early handover, late handover. For the applications of 5G network including energy saving, load balance, resource allocation and mobility management, it is essential to predict the positions of mobile users in the future so as to make preparation in advance.

Capability of predicting mobile users’ next-period positions is not only of great benefits to network allocation but also improve its intelligence and effectiveness. Accurate next-location prediction enable the network to obtain users' information in advance, and target NG-RAN node can assign the resource and optimize network configuration for the incoming user to increase users' quality of services and the utilization rate of network resources. 

Some kind of AI techniques could be utilized to deal with the time-series prediction problems, and achieve great performance on trajectory prediction. In order to predict user’s trajectory more accurately, various input features helps AI algorithms to UE trajectory prediction, such as  historical geographic location, the orientation, RSRP information for serving and neighbour cells.

For example, AI algorithms, Long short-term memory (LSTM) is selected as the location prediction models. The models exploit the historical UE geographic location (e.g. latitude, longitude) over a period of time, current UE orientation and RSRP information for serving and neighbour cells to predict the future position, so that in this case, historical geographic location, orientation and RSRP information are taken into consideration when constructing the AI model. The simulation results of the location prediction is shown in the Figure x.
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Figure x: Comparison of the location prediction using different features

In addition,  we evaluate the prediction performance of LSTM with different features. Figure 2 shows the distance error for different features, where RSRP_S and RSRP_N denotes RSRP values from the serving base station and neighbour base station. 
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Figure 2: Average distance error of LSTM based location and various features

It is obvious that introducing the orientation information into the LSTM network is of benefit to the location prediction. In addition, LSTM using RSRP information from the serving base station exhibits apparently better performance than the LSTM only using the geographic location, while RSRP values from two neighbour base stations can enhance the ability of LSTM to predict the next location. 
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