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Abstract— In recent years TETRA standard from ETSI 

(European Telecommunications Standards Institute) has 

emerged as the leading PMR (Professional Mobile Radio) 

technology of preference typically in networks for public 

safety. Ever since its standardization, the system has 

progressed in different developments both in application and 

technology point of view. This paper presents an overview 

of broad TETRA system networks and special features 

existing in today’s market. It also provides thorough 

analysis of precise IP based TETRA system, major 

components and their purpose within the general 

communication process. 
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I. INTRODUCTION TO TETRA SYSTEM TECHNOLOGY 

The revolution from the usual analogue to networks of 

intelligent digital radio has become huge concerning 

technological and economic complexity in particular for the 

clients [1]. 

TETRA (TErrestrial TRunked RAdio) as being one 

of the foremost standards in digital radio is an open standard 

for digital trunked radio systems defining sets of standards 

developed by the ETSI (European Telecommunications 

Standards Institute) [1]. 

The first truly open standard globally for digital 

PMR (Professional Mobile Radio) setting is TETRA which 

specifies sets of interfaces and services for latest 

professional mobile radio systems [3]. 

TETRA offers the automatic operation and 

frequency efficiency of trunking merged with the terminal 

autonomy of a conventional PMR [3]. TETRA has a multi-

mode capability by merging the two modes of trunking and 

direct/conventional into single terminal equipment and also 

offering the standardized approach of inter-working among 

these two modes. The design of TETRA is to offer 

bandwidth-on-demand which facility enables a changeable 

amount of bandwidth allocated for the call duration 

depending on the application [3].   

TETRA is also designed for emergency conditions 

when nearly immediate communication is involved both 

among individuals and within a group of an unlimited size. 

Priority calls can be made backed by call pre-emption when 

needed and on instances an all-informed communication [3]. 

II. SPECIAL FEATURES OF TETRA NETWORK 

The key points of the special features of TETRA Network 

are shown in Figure 1 below. 

Security is critical for public safety organizations 

which includes authentication of all clients in the network 

and encryption of voice and data communication [2]. 

For several organizations managing their own network 

resources is fundamental and in several cases PMR services 

also present the lowest largely communication costs [2]. 

 
Fig. 1: TETRA Special Features 

A. Push-to-Talk Operation:  

TETRA calls are initiated through push-to-talk knob and 

establishment of connection is instant. The calling party 

immediately can begin conversation without need for 

answering. 

B. Group Communications:  

TETRA has predefined members of groups who consist of 

tens or hundreds of members. These groups can be 

dynamically created over the air during field operations to 

allow simultaneous communication between different 

organizations. 

C. Fleet Management:  

Control and coordination of communication activities and 

field operations in PMR network is enabled through a 

special graphical workstation called dispatcher workstation. 

Integrated command and control solutions: TETRA System 

offers customized command and control applications needed 

to build complex dispatching applications and integrated 

command and control solutions. 

D. Data Communications:  

TETRA offers flexible data services besides efficient voice 

communication services such as short data. 

E. Multi-Vendor Environment:  

TETRA offers savings as radio terminals can be purchased 

from numerous vendors. 

F. Frequency Efficiency:  

Frequency spectrum as an inadequate resource has thus 

made efficiency of frequency to grow to be progressively 

more vital. In TETRA as a trunked radio system having a 

common pool radio channels, the system by design assigns 

these channels to radio clients at the beginning of every call 

[2]. 
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G. Security features consists of: 

1) Reliability:  

TETRA has the capability to efficiently keep 

communications of radios in nearly all intense conditions. 

2) Availability:  

TETRA has the built-in priority mechanisms that are 

tuneable prior to keeping communication among vital rescue 

teams. 

3) Authentication of Users:  

Every radio employed within the network is authenticated to 

guarantee that counterfeit radios be eliminated among the 

list of recognized users immediately it is reported lost thus 

rendering it useless. 

4) Secure Communication:  

Security in TETRA is attained through authentication and 

encryption of radios used in the communication network by 

regularly altering encryption keys thus effectively 

preventing unauthorized entrance in the network and 

snooping on communication. 

5) Direct Mode Operation And Base Station Fallback:  

TETRA terminal radios directly communicate with each 

other where there is no TETRA network coverage.  

6) Base Station Fallback:  

Communication is possible within coverage region of 

certain base stations when the connection involving TETRA 

base station and TETRA exchange vanishes may be as a 

result of cable damage [2]. 

H. Building Blocks of TETRA System: 

The figure 2 below illustrates the necessary TETRA System 

building blocks [2]. 

 

Fig. 2: TETRA System Building Blocks 

III. TECHNOLOGIES COMPARED 

TETRA technology can be contrasted with analogue PMR 

systems and non-standard digital professional mobile radio 

systems. Between these technologies, TETRA is largely 

appropriate for the public safety, security and professional 

cellular zones [4]. 

A. TETRA Compared To Analogue Systems: 

Digital systems offer many functions and features that are 

not offered by analogue systems such as integrated voice, 

data communication and multiple user organisations sharing 

one network [5]. 

Group communication in TETRA differs to traditional open 

channel communication in the following ways: 

1) Encrypted Communication. 

2) Geographical areas and number of channels does 

not restrict creation of groups. 

3) Advanced digital voice coding enables better voice 

quality. 

4) Enhanced spectral efficiency owing to the time-

based multiplexing that presents multiple logical 

channels in contrast to a single channel. 

5) Preferences for vibrant modifications in group 

communication memberships 

B. TETRA Compared To Other Digital Professional Mobile 

Radio Systems: 

TETRA offers a standardised air interface, meaning that 

radio terminals from several vendors can be used in a 

TETRA network. The multi-vendor background offers cost-

cutting measure for PMR users [5]. 

C. TETRA Spectrum Efficiency Compared with other 

Technology Standards: 

Per 200KHz bandwidth, TETRA and GSM offers 32 and 8 

communication channels respectively [4]. 

 
Fig. 3: TETRA Spectrum Efficiency compared with other 

Technologies 

D. TETRA Frequency Range: 

1)  400 MHz 

 380 – 400 MHZ FOR PUBLIC SAFETY SYSTEMS 

 410 – 430 MHZ FOR COMMERCIAL APPLICATIONS 

2) 800 MHz for Commercial Applications: 

E. TETRA Specifications: 

 
Table 1: TETRA Specifications. 
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F. Difference between GSM and TETRA System: 

 
Table 2: GSM and TETRS Systems Compared 

G. Development Trends in TETRA Network: 

 
Fig. 4: Development Trends in TETRA Network [2] 

The latest development is the TETRA over IP 

(ToIP) system which has no switching centre but uses the 

principle of distributed intelligence at every Radio Site for 

processing and handling local calls. It has set-up inter-site 

callscapability that keeps following the registration positions 

of all subscribers [4]. 

H. TETRA over IP Network (ToIP): 

 

Fig. 5: TETRA over IP Network 

TETRA information of all types (speech, control 

information, user data (short data, packet data and status) 

and Network management information) are put in IP packets 

and routed over an IP network [5]. 

I. Benefits of TETRA over IP (ToIP): 

1) Future Technology:  

It is an Industry Standard Intellectual Property HW and SW 

which combines Multimedia technology like voice, data and 

images with constant performance advancements compelled 

by Intellectual Property market [5]. 

2) Efficiency:  

Efficient call processing. 

3) Flexibility:  

Enables star or mesh network topology combination for 

traffic handle balancing. 

4) Resilience:  

Duplication of extra resilience for network components and 

connections. 

IV. TERTRA NETWORK STRUCTURE 

In a TETRA network the least infrastructure organization 

consists of one Switching Centre Node (SCN) and a number 

of TETRA Base Stations (TBS) including some 

management and data distribution tools which are required 

as well.  

Figure 2 illustrates a single SCN TETRA network [5]. 

 

Fig. 6: Single SCN TETRA Network 
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The TBSs can be linked to the SCN through leased 

data lines such as Microwave links or Fibre Optic paths that 

can be linked in a chain to the SCN [5].  

TBSs are 25Watts maximum according to the 

TETRA standards hence a radio coverage study is needed to 

design the accurate required figure of TBSs for different 

projects. For each installed TBS supports a number of 

carriers per TBS which depends on the particular traffic 

capability.  

TETRA systems provides 4 traffic channels in each 

carrier per base station with one traffic channel used as 

Control Channel and the rest as Voice Channels. Normally 

there exists a limitation in the number of carriers per TBS.  

The below indicates the number of Voice Channels 

for TBSs with different number of carriers between one and 

eight [5]. 

 
Table 3: No. of TETRA Carriers on TBS with No. of 

available Voice Channels. 

TETRA infrastructure also consists of several 

Dispatcher systems. This is determined by the required 

capacity for the system and also the site locations which 

consist of multiple SCNs interliked to provide the required 

coverage and capacities for a big network. In the multi 

TETRA network systems, the connection between the SCNs 

is called ISI (Inter System Interface) [5]. 

 
Fig. 7: Multiple SCNs TETRA Network 

V. TERTRA NETWORK USERS 

Within a TETRA system a number of organisations can 

share a single network with each organisation using the 

services as though it is the only one in the network [5]. The 

radio clients, clusters and call rights in every client 

organisation can be managed freely. This feature presents a 

cost-efficient solution for network venture and facilitates to 

decrease the costs of network operation and administration.  

Figure below illustrates three organisations that operate in 

the same network with each having its own dispatcher(s) 

[5]. 

 

Fig. 8: Multiple SCNs TETRA Network. 

TETRA nowadays provides the perfect wireless 

technology that makes it feasible to construct one 

nationwide communications network shared by several 

agencies thus saving valuable public money [5]. 

 

Fig. 9: Multiple Agency TETRA Network 

Different authorities can easily communicate 

faultlessly over a single nationwide network though each 

should be able to maintain its confidentiality. TETRA deals 

with this problem by a concept known as VPN (Virtual 

Private Networking). Every agencies share identical 

physical network but with each operating independently [5]. 

A. Summary of TETRA Overview: 

 
Table 4: Summary of TETRA Overview. 
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VI. CONCLUSION 

Over the recent years, deployment of TETRA networks 

worldwide has been in thousands typically for wide range of 

applications such as military, public safety, transport, oil & 

gas and industry market segments, using different 

approaches regarding system architecture and network 

topology. 

Since TETRA networks are variable in size from a 

standalone base station to a national network, the problem 

lies in selecting a design that is easily scalable in facilitating 

extension of coverage and capacity throughout the lifespan 

of the network basing a single reliable result. 

At present, a range of diverse system designs and 

topologies exist for TETRA networks with the strengths 

being well supported by the individual dealers. Noticeably, 

the limitations have not been greatly emphasized. A 

purposeful assessment involving designs ought to permit for 

enhanced choice for the precise dealer of services as well as 

equipment. 
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