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Introduction 

Over the last decade, Internet has become an 
important means for communication. Mobile 
communication technology has enabled the 
possibilities of mobile internet.  By means of the 
mobile communication system, it became possible to 
access internet anywhere and anytime. The fusion of 
mobile communication technology and Internet has 
given tremendous effects in all fields of technology. 
Inspite of all the digital profits, internet could not be 
accessed by nearly one half of the people in the 
world. They live in areas not covered by terrestrial 
communication infrastructures. Also, the traditional 
terrestrial mobile communication systems cannot 
provide access to areas such as oceans and the sky. 
An upcoming solution to provide broadband access 
to the remote areas is Internet via satellite. Internet 
via satellite guarantees long range communication 
and the difficulty in global network deployment is 
reduced. The application of Internet via satellite 
include all types of internet applications such as, 
passenger Internet communications on the move 
related applications (road car, bus, rail, sea-ships, 
aircraft), Internet of things. 
 
Analogue (1G), GSM (2G), IMT 2000 (3G), today’s LTE 
(4G) systems are the generations through which 
terrestrial mobile systems have evolved through till 

date[4]. But the development of satellite mobile 
systems is independent of the terrestrial systems 
since long time. The technology deployment is 
different for both in view of the typical air interface. 
Satellite communication system can be integrated 
with the terrestrial systems which may lead to many 
advantages. But to integrate the two networks is a 
tough task and if joined together, seamless services 
over both can be provided. These two technologies 
complement to each other with respect to their 
coverage and data rates. Due to the different air 
interface technology and network protocols, the 
integration of the two technologies is a difficult task. 
 
Satellite communication system adopts the single-
carrier technique whereas today’s terrestrial 
communication system uses Multi-Carrier (MC) 
technique. Hence the two types of air interface 
technologies are incompatible with each other.  The 
multi-carrier techniques offers a lot of advantages for 
terrestrial communication such as high spectrum 
efficiency, small inter-symbol interference (ISI), 
simple equalization, high rate of transmission even 
under the channel condition of multipath 
interference. 
 
The fifth generation (5G) networks have 
requirements other than higher data rates. Machine 
type communication (MTC), Tactile Internet and 
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Wireless Regional Area Network (WRAN)are the 
important areas of 5G. Hence denser network may be 
opted and thus spectral efficiency of area is 
increased by orders of magnitude. It will lead to a 
flexible heterogeneous network of very smaller cells 
where the resources can be adapted dynamically 
based on demand of users in space, time and 
spectral resources. There occurs a requirement of 
fundamental redesign of the network which inhibits 
the adoption of new service types. The abstraction 
techniques and the cloud nature of the services 
raises complex issues and security user in mind so 
that their requirements to access information 
efficiently, with lower latency and with a good QoE is 
the latest. It goes well with the cloud approach of the 
‘software defined network’. Virtualization of functions 
and multi tenancy are important aspects of the 5G. 
The upcoming of IoT and the concept of Billions of 
objects being connected to the internet is another 
driver for 5G. This can cause ‘Big Data’ applications 
where huge amounts of data can be processed for 
various applications. For 5G low data 
communications efficiently covers widespread sensor 
networks and M2M communications. 
 

 
 

Figure 1: Internet via space-terrestrial integrated mobile 
communication system in future 

 
The remaining goals of the 5G vision are ensuring 
availability, reliability as the base on which services 
could be delivered will be operated over several 
heterogeneous networks managed by different 
entities. The entire management then becomes a real 
issue. Another problem is that of reducing energy. 
Thus, 5G network design turns into an intricate 
undertaking task consisting of link and area spectral 
efficiency together with energy efficiency. 
 

KEY AREAS WHERE SATELLITE CAN PLAY A PART 
IN 5G are 

 Coverage and integration 
 Resilience and Overspill 
 Content multicast and caching 
 Internet of Things over satellite network 
 Cognitive management of software 

networking across satellite/terrestrial 
interfaces 

 Spectrum 
  
Air Interface Techniques 
To provide a reference for satellite air-interface 
design, comprehensive evaluation of the various 
techniques of multi-carrier transmission is helpful. 
For the success of upgradation of mobile systems, a 
smooth evolution from LTE systems to 5G is 
required.  
Orthogonal MC transmission technique 

The LTE systems is based on orthogonal frequency 
division multiplex (OFDM) which is a Multi-Carrier 
(MC) technique. OFDM is a waveform which is 
applied to 4G and WIFI. In OFDM, the filtering is 
done over the entire frequency band and simple 
inverse fast Fourier transform (IFFT) and fast Fourier 
transform (FFT) without complex hardware structure 
is used to implement the modulation and 
demodulation of OFDM. It is proved that LTE systems 
have achieved the outlined objective in high 
throughput . There are several disadvantages that 
may seriously affect the use of OFDM in satellite 
communication systems. 
 
The peak-to-average power ratio (PAPR) of OFDM 
signal is higher than single-carrier signal. This leads 
to low efficiency of High Power Amplifiers used in 
satellite and makes it sensitive to non- linear channel 
distortion. Another disadvantage is that the out-of-
band radiation of OFDM signal is high which causes 
the requirement of wider guard interval in spectrum 
and hence the dynamic spectrum access. Also, OFDM 
based systems are sensitive to error of 
synchronization and perfect synchronization in 
satellite channel can’t be easily achieved. [5]. OFDM 
will not be able to meet the requirements for 
Machine Type Communications (MTC) and Internet 
of Things (IoT), considered as the potential 
application areas of 5G mobile communication 
system. A cyclic prefix need to inserted in order to 
compensate for the multi-path fading which results 
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in wastage of radio resources. In OFDM, each sub-
carrier is required to have the same bandwidth and 
need to be synchronized and orthogonal between 
the sub-carriers. This leads to restriction in flexibility 
of usage of spectrum resources. A square wave is 
used as the baseband waveform which causes larger 
side lobes and hence the interference between 
adjacent carriers is critical in case if each sub-carrier 
is not synchronized. 
  
All these drawbacks have made this multicarrier 
technique a less efficient one for the 5th generation 
of terrestrial mobile communications. 
  
Non-Orthogonal MC transmission technique 
 
A few non-orthogonal MC transmission schemes 
overcome the disadvantages of OFDM and replace 
OFDM as promising transmission technique for the 
5th generation of mobile communication systems. In 
the present 4G networks, filtering is to be provided 
either at the transmitter or the receiver end to 
achieve coexistence. In doing so,there are chances 
for the orthogonal to be forfeit. Also, Machine Type 
Communications (MTC) and the Internet of Things 
(IoT) are going to be the significantly important 
application for 5G mobile communication systems. In 
order to transmit the messages, the IoT devices are 
loosely synchronized based on open-loop 
mechanisms such as by making use of downlink 
synchronization signals and to use cheaper 
components for oscillators with relaxed 
requirements.  
 
FBMC 
 
Filter Bank Multicarrier (FBMC) [7] is one of the non-
orthogonal MC transmission techniques, which is 
considered as a candidate multi-carrier waveform for 
5G mobile communication systems and is a filtered 
multicarrier system. The filtering of FBMC is done on 
each sub-carrier and in this transmission method, the 
out-of-band radiation is reduced by the individually 
pulse shaped subcarriers. The modulation and 
demodulation of FBMC is executed by analysis and 
synthesis filter banks that are having good time-
frequency location property. Due to the narrow 
bandwidth of subcarriers, the length of the transmit 
filter impulse response is usually long and it means 
that the result of FBMC is unsuitable in low-latency 
scenarios. Also, it is difficult to make FBMC 
compatible with Multiple Input Multiple Output 

(MIMO) technology, which is the key technology for 
the next generation cellular mobile communication 
systems. To avoid the interference problems of the 
MIMO scheme in the case of single-input single-
output (SISO), a new FBMC scheme and transmission 
strategy (FFT-FBMC) is also developed. 
 
FBMC faces many disadvantages. Firstly, since the 
carriers are not orthogonal to each other, it may 
cause interference between the subcarriers.  
Secondly, to meet specific requirements for the 
frequency response characteristics, it is required to 
have the prototype filter length to be much greater 
than the number of sub-channels. Therefore, in 
FBMC the length of filters must be much longer than 
the length of symbols, which causes high complexity 
and is not helpful for hardware implementation. 
 
UFMC 
 
Universal Filtered Multicarrier (UFMC) [9] is a novel 
non-orthogonal MC transmission technique that 
combines the advantages of OFDM and FBMC and 
same time gets rid of their shortcomings. This 
method balances the filtering function of the OFDM 
and FBMC. In UFMC, the entire frequency band is 
divided into multiple sub-bands and afterwards 
filtering is done on every sub-band which comprises 
of multiple subcarriers. Hence a group of subcarriers 
are filtered, and the number and the length of filter is 
configured based on demands. When compared to 
FBMC, UFMC has a wider filter bandwidth and a 
shorter length of impulse response. Since the 
bandwidth of the sub-band is wider than FBMC 
signal bandwidth, the UFMC filter length is not 
required to be as long as that of FBMC and 
decreases the UFMC implementation complexity. 
Therefore, the UFMC is good for short burst 
transmission. In UFMC, there is no need for a cyclic 
prefix (CP) and hence this technique is more sensitive 
to small symbol timing offset. It is more suitable for 
applications like satellite communication where loose 
time synchronization is required. UFMC is an efficient 
5G system multi-carrier scheme. Since the UFMC 
sub-carriers are non-orthogonal, they don’t need to 
be synchronized. Thus, it could meet the 
requirements of Machine Type Communications and 
IoT. 
 
UFMC also faces disadvantages such as UFMC is 
more sensitive to the time difference and hence this 
technique is unsuitable for applications where loose 
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time synchronization is required. Hence much further 
work can be done for the enhancement of UFMC and 
improving its performance. 
 
GFDM 
 
Generalized Frequency Division Multiplexing (GFDM) 
[11] is a flexible non-orthogonal MC transmission 
scheme. This technique being flexible and adaptable 
can be made easily compatible for CP-OFDM and 
single carrier frequency domain equalization (SC-
FDE). In GFDM, time and frequency resource is 
divided into independent blocks, where each block 
contains a number of subcarriers and sub-symbols. 
The prototype filter that circularly shift in time and 
frequency domain controls the mask of spectrum 
and hence reduce out-of-band radiation. Based on 
the situation, the number of subcarriers and sub-
symbols can be made flexible and configurable. 
Whenever low latency and low PAPR is required in 
the satellite communication, GFDM can handle this 
by reducing the number of subcarriers and redesign 
the time and frequency structure. Also, GFDM 
supports lower overhead than OFDM due to the 
addition of CP for the whole blocks which contain 
multiple sub-symbols. When GFDM is combined with 
MIMO, additional CP is required. The modulation and 
demodulation of GFDM signal is realized by IFFT and 
FFT as it is done in OFDM which makes the hardware 
implementation easy. OFDM and GFDM have many 
advantages in common. But the non-orthogonal 
property of GFDM leads to both inter-symbol 
interference (ISI) and inter-carrier interference (ICI) 
and to guarantee the symbol error rate (SER) some 
interference cancellation algorithms must be used in 
the receiver. This increases the complexity and this 
problem may be solved by using low complexity 
demodulation algorithm. GFDM is considered to be 
the potential air-interface technology   in future 
Internet via satellite systems. 
 

Table -1: Comparison of FBMC, UFMC and GFDM 
 

Waveforms Advantages Disadvantages 
FBMC  1)Flexible 

control of the 
degree of 
overlap 
between each 
sub- carrier.  
2)Time-
frequency 

1)Large 
interference 
between sub-
carriers  
2)The long 
filter length, 
high 
complexity 

efficiency 
improvement 
by about 10% 
in case of very 
short packets.  
3)Low 
synchronization 
requirement. 

UFMC 1)The short 
filter length, 
Low complexity  
2)Time-
frequency 
efficiency 
improvement 
by about 10% 
in any case  
3)Small 
interference 
between sub-
carriers 

1)Higher 
synchronization 
requirement 
than CP-OFDM 

GFDM 1)Lower PARP  
2)Use of 
scattered 
spectrum 
resources  
3)Ultra-low 
out-of-band 
radiation 

1)Receiver is 
rather complex 

 
 
Conclusion 

Internet via satellite attracts a lot of attention 
because satellite and terrestrial mobile 
communication system can be integrated to provide 
global coverage access to Internet. Hence research is 
going on in the area of combination between 5G and 
satellite in air interface. In this paper, the orthogonal 
and non-orthogonal transmission schemes for 
space-terrestrial integrated system are reviewed and 
compared. Non-orthogonal waveforms are found to 
be more suitable for 5G demands and these new 
waveform modulation technologies will be able to 
replace the existing OFDM well if they could reduce 
inter-carrier interference and the complexity of 
receivers. 
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