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Abstract: Communication technology is moving towards its next generation network and 5G implementation. 5G provides 

high resource efficiency, continuity, reduced power consumption and increased resilience.  This technology is integrated with 

mobile satellite service (MSS). This new architecture improves the commercial value proposition of the network, provide 

optimal performance and energy efficiency. It improvises the ubiquity, mobility, broadcast and security features of the existing 

communication system. It also provides an efficient broadband connectivity in moving platforms and good broadcast services. 

The long propagation delay of MSS is also addressed in this paper. We also the meet the increased backhaul demands thereby 

saving physical sites on ground.  

Keywords: 5G, Mobile Satellite Service, Energy Efficiency, Wireless Communication, wireless network 

1. INTRODUCTION 

There has been a rapid revolution in mobile cellular communication system along a set of standards termed 

as Generations. There generations evolved from 1G analogue technology, 2G GSM (Global System for Mobile) 

technology, 3G IMT-2000 (International Mobile Telecommunications-2000) technology to the current 4G LTE 

(Long-Term Evolution) technology [4]. Since the recent past, research has been focused towards developing 5G 

technology. The 5GPPP (5G Infrastructure Public Private Partnership) was established to perform research and 

provide solutions, standards, technologies and architectures for the next generation communication infrastructure. 

5G offers better reliability, capacity and better broadband width when compared to 4G network. It offers fast data 

transfer that matches with the high speed fibre optic network. 5G offers a very high frequency of up to 20Gbps.   

Along with these technologies, satellite communication systems has also been evolving independent of 

terrene entity. Echo 1, telstar, syncom, Inmarsat and so on have been serving as communication satellites since 

the 1960s. Due to the unique characteristics of mobile satellite systems and the capability to establish reliable 

communication network even in complex scenarios like during transportation, during emergency and in remote 
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areas, it  play a substantial role in the next generation wireless communication. The NetWorld2020 ETP (European 

Technology Platform) also works on analysing the implementation methods of satellites in 5G.  

Nine satellites are operated by Inmarsat in the geostationary orbit. These satellites serve over 90% of the 

long-distance travellers at sea and on cruise ships [6]. The mobile traffic through sea is increasing annually at a 

rate of 40%. Similarly, aeronautical satellite communication services is also made available across the globe. This 

assists the long distance business travellers to cater to their business needs even during travel.  Inmarsat is in 

operation across the Atlantic, Indian and Pacific Ocean region and consumes a power of 25-39dBW. Other than 

the limited spectrum constraint, this system provides endless number of services to the travellers.   

 The comparison between various generations of mobile technologies with respect to bandwidth, services, 

switching and other major factors is as represented in table 1. 1G was introduced by Telecom aka Telstra in the 

year 1987. It had some major drawbacks like call drops, poor voice quality and phone with bad battery life. It was 

later upgraded to 2G with CDMA (Code Division Multiple Access) and GSM that allowed making conference 

calls, holding calls, internal roaming and so on. 3G introduced the world to smartphone technology and low cost 

data transmission. It used UMTS (Universal Mobile Telecommunication System) architecture.  4G offered high 

speed and advanced services like mobile TV, cloud computing, video conferencing and so on.  

Table 1: Comparison of mobile technologies from 1G to 5G 
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2. EXISTING LITERATURE 

Research has been in progress for creating advancements in communication systems since times immemorial. 

Konstantinos et al., [1] presented a paper on 5G integration with satellite-terrestrial networks using the SaT5G 

approach for enhancing mobile broadband services.  It reviews the Sat5G objectives, concepts and research pillars 

along with the use cases, selection methodologies and scenarios that initiates the architecture design and integrated 

network topology. Yonghwa et al., [2] performed an evaluation of mobile satellite communication that deals with 

high frequencies. It performs a comparative analysis of conventional satellite models depending on various 

altitudes fog Low Earth Orbit (LEO), Medium Earth Orbit (MEO), Geostationary Orbit (GEO) and High-altitude 

platforms (HAP). 

Software Defined Satellite communication based on 5G – H2020 SaT5G is studied in [3] by Hamzeh Khalili 

et al. The paper discuses certain potential use cases for integration of 5G terrestrial networks along with next 

generation satellite systems. It also provides a brief overview of technologies like Massive Machine-Type 

Communication (mMTC), Ultra Reliable and Low Latency Communications (URLLC) and Enhanced Mobile 

Broadband (eMBB). Figure 1 represents a basic mobile satellite communication system.  
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Figure 1: Mobile Satellite Communication System 

Stavroula Vassaki et al., [5] presented an optimal system satisfying the quality of service constraints for 

allocation of power in mobile satellite systems and services. Min Jia et al., [7] proposed a hybrid satellite 

communication system providing broadband services with cognitive radio and 5G technology. This cognitive 

radio based satellite-terrestrial communication system uses spectrum sensing to design a space segment. They 

system also involves an algorithm that works on cooperative spectrum sensing technology. Ka Ming et al., [8] 

developed patch antenna that is circularly polarised for the purpose of high speed communication in 5G 

technology. This antenna covers the azimuth range and a wide elevation angle. 

Jiazin Zhang et al. [9] applied software defined features for developing a satellite terrestrial network that is 

hybrid and provides end to end coverage with improved energy efficiency and performance metrics. This enables 

reduced overhead cost. Figure 2 represents the applications of mobile satellite in urban, rural and remote areas as 

obtained from Inmarsat. The applications vary widely from public mobile telephone services to government 

defence services.  

 

Figure 2: Applications of mobile satellite based on data from Inmarsat 
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Korany et al. [10] designed an antenna array package that is circularly polarised with dual-band for 5G 

communication. It also offers capabilities of beam-steering and offers dual resonance with an axial ratio of <3dB 

and gain of >7.5dB.  

3. PROPOSED WORK 

For providing energy efficiency, it is essential to assign ideal power to the system. Adaptive Multi-Phase 

Shift Keying and Multiple Quadrature Amplitude Modulation techniques are used for this purpose along with Bit 

Error Rate based approximation. The service rate of data transfer using these techniques is given by 

𝑅𝑠(𝑦𝑠 , 𝐵𝐸𝑅, 𝑃(𝑧, 𝑦𝑠)) =
𝑇𝑓𝐵

𝑐
log2 [𝑑 −

𝑏𝑦𝑠

ln(
𝐵𝐸𝑅

𝑎
)

𝑃(𝑧, 𝑦𝑠)] ----------- (1) 

Where a, b, c, d are constants based on the type of modulation and approximation, ys[n] represents the signal 

to noise ratio, z denotes QoS parameter, B is the total spectral bandwidth,  Tf is the duration required for organizing 

the upper layer packets into frames and P(z,ys) represents the power allocation policy. 

The ideal power assignment can be expressed as follows 

𝑃(𝑧, 𝑦𝑠) = {
𝐴, (

𝑑

𝑦𝑠
−  

1

𝑦𝑚𝑖𝑛

𝑐
𝑐+𝑥𝑧 𝑦𝑠

𝑥𝑧
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 -------------- (2) 

Where,𝐴 = ln
𝐵𝐸𝑅

𝑎

𝑏
, 𝑥 = 𝑇𝑓𝐵/ ln 2 and the minimum SNR is given by ymin. 

An optimal capacitance can also be provided in order to improve the energy efficiency given by the equation 

𝐸𝑐(𝑧) = −
1

𝑧
ln(𝜀{𝑒−𝑧𝑅[𝑛]}) 

4. RESULT 
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Figure 3: Capacitance, Elevation and QoS Comparison Chart 

Figure 3 represents the analysis performed based on the proposed system comparing the capacitance, 

elevation and QoS of the mobile satellite service. This represents the energy efficiency of the system. The QoS is 

composed of exponential values for various elevation angles. This helps in analysing the power constraints 

provided by the system in 5G communication. Along with providing optimal performance and energy efficiency, 

this architecture also helps in improving the commercial value of the system. 

5. CONCLUSION AND FUTURE SCOPE 

This paper presents an improved architecture of mobile satellite systems that are integrated with 5G 

technology. It provides several benefits including high speed communication, portability, network access in all 

locations and during travel, ubiquity, energy efficiency and much more. The paper also presents expressions for 

optimization of power distribution and capacitance of the system. The provided simulation results confront the 

effectiveness of the system.  These results can serve in the design of the 5G mobile satellite system. Future work 

involves improvising the algorithm to increase the efficiency rate. Further, specialized antennas are proposed to 

be developed to assist the communication purpose that can be integrated in the user system. 
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