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Abstract
This contribution reports experimental results of latency and throughput measurements in a 5G mobile network. It also describes a method for monitoring latency in real time. The method is based on measuring the inter-arrival time of periodically transmitted packets. This approach can be applied to systems that need to transmit video for real-time safety over mobile networks. It is also considered advantageous for supporting ultra-low latency application scenarios in MPEG.

Introduction
In ULL(Ultra-Low Latency) environments, the demand for real-time video streaming services over public mobile networks is steadily increasing. Among the services, safety-critical applications such as tele-operated driving are also expected to operate over the mobile networks. Therefore, mobile communication systems are required to meet the requirements of such safety-related services. For instance, 3GPP has initiated standardization work on tele-operated driving, and derived network requirements specifying a 25 Mbps uplink throughput and a 5 ms end-to-end latency to support tele-operated vehicles traveling at speeds up to 250 km/h [1]. In addition, Mate reported that, for HEVC HD video streaming on fast-moving vehicles, the throughput and E2E latency requirements were 10 Mbps and 20 ms, respectively [2]. Furthermore, Tao from U.S. National Institute of Standards and Technology (NIST) mentioned that tele-operation is feasible when the end-to-end (E2E) latency remains below 300 ms, and that even with an E2E latency below 500 ms, low-speed tele-operation at 30 km/h is still achievable [3].
To investigate whether such safety-critical applications can be supported over current public mobile networks, we measured the throughput and latency of a 5G public mobile network in South Korea. The experimental conditions are as follows: 
· Driving route: downtown in Seoul 
· Vehicle speed: < 80km/h 
· Video streaming: H.264 with 1M bps, 2.5M bps, and 7M bps
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Fig.1 An example of experimental results: 5G uplink throughput
Fig.1 shows the measurement results of the uplink throughput of a 5G network in urban areas of South Korea. And, the distribution of the throughput is as follows: 
· 5-10 Mbps : 24.57% of the total route
· 10-20 Mbps : 20.33% of the total route
· 20-32 Mbps : 19.67% of f the total route
· 32-38 Mbps : 5.74% of the total route
· Above 38 Mbps : 29.69% of the total route
The end-to-end (E2E) latency remained consistently at around 200 ms, of which the network latency accounted for approximately 70 ms. However, the network latency occasionally fluctuated, and in extreme cases, delays of several seconds were observed. 
As a result, the throughput was adequate to support a single video stream, whereas the latency was not consistently stable. These findings indicate that, when utilizing current 5G mobile networks, safety-critical ULL applications require mechanisms to predict and compensate for variations in network latency.

Mobile TTAK Standardnetwork monitoring method for ULL applications 	Comment by 보라 전: 제목을 ‘TTAK 표준’ 보다 하기 내용을 대변하는 기술 용어가 나을 것 같습니다.
[bookmark: _GoBack]Fast-moving objects such as vehicles frequently switch base stations, making it difficult to measure uplink latency precisely in real time. Nevertheless, as shown in Section 1, the 5G mobile network generally maintained stable latency, with only occasional fluctuations. Therefore, even without exact measurements, predicting latency variations would be highly beneficial for ULL applications.
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Fig. 2 Block diagram of TTAK standardThroughput-Controlled Remote Driving System Architecture [4]
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Fig. 3 Block diagram of TTAK standardInterworking Procedure [4]

To support this, the Telecommunication Technology Association (TTA) in South Korea has specified a standard [4]. Fig. 2 shows the block diagram of an application requiring uplink video streaming with the standard applied. As shown in the figure, the standard consists of a status handler and a latency predictor, and it can be easily integrated into existing applications. The status handler periodically transmits probe packets to the latency predictor, which measures the inter-arrival time of the received packets and thereby predicts variations in mobile network latency. Fig. 3 illustrates the interworking procedure between the status handler and the latency predictor. 

Results Conclusion
With the rapid increase of real-time streaming services over mobile networks, issues such as sudden drops in throughput or temporary increases in latency occur frequently. When safety-critical services such as autonomous or tele-operated driving rely on public mobile networks, it is essential to account for network conditions using methods such as the TTA Korea Sstandard [4].	Comment by 보라 전: TTAK (=TTA Korean standard) 입니다. 그냥 TTA Standard라고 명시하거나 TTA Korean standard라고 쓰는 게 좋을 것 같습니다.
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