
TSNet: a foundation model for wireless 
network status prediction in digital twins 

Key words: Digital twin; Communication network; Foundation model; 
Network status prediction 

Nengwen Zhao 
E-mail: zhaonengwen@huawei.com

 ORCID: https://orcid.org/0009-0002-7027-9978 

Siyao SONG, Guoao SUN, Yifan CHANG, Nengwen ZHAO, Yijun YU, 2025. 
TSNet: a foundation model for wireless network status prediction in digital twins. 
Frontiers of Information Technology & Electronic Engineering, 26(2):301-308. 
https://doi.org/10.1631/FITEE.2400295 

Front In
form Technol Electro

n Eng

https://orcid.org/0009-0002-7027-9978
https://doi.org/10.1631/FITEE.2400295


Motivation 

A digital twin network (DTN) is a virtual representation of a physical

communication network.

Network status prediction is a basic DTN capability.

 In wireless networks, there are many kinds of measurements that

characterize the network status, such as radio resource utilization

and user equipment (UE) throughput. Network status prediction is

fundamentally a problem of time-series forecasting.

 In this paper, we want to propose a general framework for network

status prediction in DTNs, to handle numerous and various network

measurements.

Front In
form Technol Electro

n Eng



Related works 

Traditional statistical methods: ARIMA, Holt-winter
• make strong assumptions on data distribution

Traditional machine learning methods: using classical regression

algorithms, for example random forest and XGBoost
• require engineers to design effective features carefully to achieve

high accuracy

Deep neural networks: RNN, LSTM, CNN, Transformers

Foundation models: TimesNet, GPT4TS, LLM4TS, TimesFM
• directly apply CV/NLP foundation model to time series

• pure time-series pretrained model

In the literature, many efforts have been devoted to time-
series prediction.  
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Framework 
Data preprocessing: filter low-quality data and standardize the

data
• Data quality measurement: completeness and variation
• Data normalization

 Pretraining
• A novel network architecture for TSNet with 0.1 billion parameters
• A self-supervised manner using a prediction task with an MSE loss

function
 Prediction

• Zero-shot
• Few-shot: fine-tuning to freeze the majority of parameters

Pipeline of TSNet 
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Model architecture 

 Input embedding: positional
embedding and timestamp
embedding

 Channel independence:
multivariate time-series data are
processed independently

 Time-series decomposition:
separate the original time series
and hidden states into distinct
seasonal and trend components.

 Frequency learning attention:
implement multi-head attention
in the frequency domain to
capture implicit features.
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Experiments 

Prediction results of TSNet and baseline methods on evaluation datasets 

TSNet outperforms baseline models in most cases regarding MSE and MAE. 
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Summary 

 In this paper, we propose TSNet, a novel time-series foundation

model designed for network status prediction in DTs.

TSNet demonstrates competitive zero-shot prediction capability

on diverse network status measurements, achieving the best

prediction results regarding MSE and MAE on average compared

with fully supervised prediction models trained with historical data.

For future endeavors, we plan to explore TSNet’s capability for

unified time-series representation, extending to various

downstream tasks including time-series classification, anomaly

detection, and pattern matching.
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