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TETRA Release 1
The original TETRA standard first envisaged in ETSI was known as the TETRA Voice plus Data (V+D) standard.  Because of the need to further evolve and enhance TETRA, the original V+D standard is now known as TETRA Release 1.  An overview of the network elements covered in the TETRA standard are shown in figure 1.
 


Figure 1: TETRA Standard Interfaces
Switching and Management Infrastructure (SwMI)
The abbreviation SwMI is used to classify all of the equipment and sub-systems that comprise a TETRA network, including base stations.  Even though some ETSI Technical Committee (TC) TETRA members felt that a standard base station interface would be useful (as provided in GSM) it was decided that owing to the way in which different manufacturers configure their networks for optimum performance and design flexibility, it would be impractical to implement.
It was also agreed, for the same reasons as the base station interface, that everything contained inside the SwMI would not be standardised, thereby allowing TETRA infrastructure manufacturers flexibility in design, and the ability to differentiate their portfolio offerings, when in competition with other TETRA manufacturers.  This practical approach also meant that new technologies in the areas of transmission and networking could be used without having to go through a long standardization process.
Air Interfaces (1 & 2)
The most important (and complex) interfaces are considered to be the ‘air interfaces’ between the base station and radio terminals (1) and the Direct Mode Operation (DMO) interface (2). DMO is a facility that allows terminals to operate in local radio nets independent of the main TETRA network infrastructure.
Peripheral Equipment Interface (4)
This interface standardises the connection of the radio terminal to an external device, and supports data transmission between applications resident in the device and the connected TETRA radio terminal. The PEI also supports certain elements of control within the radio terminal from the external device and/or application.
Remote Dispatcher Interface (5)
This interface was originally intended to allow connection to remote wire line dispatcher consoles like those located in major control rooms.  Unfortunately, work on this interface was dropped in ETSI TC TETRA as the complexity to provide a universal interface without degrading performance was impractical.  This was because the PMR industry had specialist manufacturers of control room equipment, the majority of which differed in the way they interfaced to PMR networks.  Similarly, the TETRA network architecture of manufacturers also differed adding to the complexity of providing a universal interface. For these reasons only TETRA manufacturer specific interface specifications are available to support the many voice and data applications requiring access to TETRA infrastructures.
PSTN/ISDN/PABX (6)
This standardised interface enables TETRA to interface with the PSTN, the ISDN and/or a PABX.
Inter-System Interface (7)
This standardised Inter-System Interface (ISI) allows infrastructures supplied by different TETRA manufacturers to inter-operate with each other allowing interoperability between two or more networks.  There are two methods of interconnection in the standard, one covering information transfer using circuit mode and the other using packet mode.
Network Management Interface (8)
Like the local dispatcher interface, it was recognised during standardisation activities that a common network management interface was impractical. Fortunately, this early standardisation was not wasted as it was later turned into a comprehensive guide to assist users in defining network management requirements.
Besides these network element standards, the many services and facilities available on TETRA are also standardised.  The most significant of these being:
· Advanced and fast group call services - clear and encrypted 

· Individual calls - clear and encrypted 

· Short Data Services -  clear and encrypted 

· Packet Data Services - clear and encrypted 

Details of these services and facilities can be found in the V+D section.
 
Voice + Data (V+D)
To meet the needs of traditional PMR user organisations, a wide range of V+D services and facilities have been provided in the standard, of which the most important are considered to be:
· Voice Services 

· Group Call (commonly called ‘all informed net’ and ‘talk group call’) 

· Pre-Emptive Priority Call (Emergency Call) 

· Call Retention 

· Priority Call 

· Dynamic Group Number Assignment (DGNA) 

· Ambience Listening 

· Call Authorised by Dispatcher 

· Area Selection 

· Late Entry 

· Data Services 

· Short Data Service 

· Packet Data
Voice Services
Group Call
This is probably the most basic voice service in TETRA but yet the most complex to support effectively and efficiently.  This is because group calls need to:
· Use simple “Push To Talk” operation to provide fast call set-up group communications 

· Be operated and managed in particular ways to optimise network loading 

· Operate on a "preferred" site for optimum network loading 

· Have a defined of operation (Area selection) 

· Have a very reliable call-set up signalling protocol to ensure all users in a group are connected together when a call is first initiated (call acknowledgment signalling is impractical for group calls) 

· Have priority mechanisms to ensure that specified users in a wide area group call (spanning multiple base station sites) are connected together when a network is busy 

It is this complexity needed to support group calls that makes public cellular networks unsuitable, simply because they were originally designed to support “One to One” calls, unlike TETRA which was primarily designed to support group calls.
Pre-emptive Priority Call
This call service, of which the highest priority is the emergency call, provides the highest uplink priority and highest priority access to network resources. If a network is busy, the lowest priority communication is dropped to handle the emergency call.  Unlike 911, 112 or 999 initiated public network emergency calls (which can also be supported on TETRA) the TETRA emergency call can be initiated by using a dedicated switch located on the terminal.  Activating the emergency call automatically alerts the affiliated control room dispatcher and other terminal users in that persons talk group.
Call Retention
This service protects selected radio terminal users from being forced off the network as a result of pre-emptive calls (emergency calls) during busy periods.  When emergency calls are supported in a network, it is essential that only a small number of radio terminal users are provided with this facility as the objective of retaining important calls during busy periods could be lost.
Priority Call
During network busy periods, that service allows access to network resources in order of user terminals call priority status.  As there are 16 levels of priority in TETRA, this service is very useful in providing different Grade of Service (GoS) levels (and tariff structures) during busy periods.  For example, front line officers would be provided with the highest priority levels in a Public Safety network to maintain the highest level of service access whilst routine users would be provided with lower priority levels.
Dynamic Group Number Assignment (DGNA)
This service allows the creation of unique Groups of users to handle different communication needs and may also be used to group participants in an ongoing call.  This service is considered by many public safety organisations to be extremely useful in setting up a common talk group for incident communications.  For example, selected users from the Police, Fire and Ambulance could be brought together to manage a major emergency where close co-ordination between the three emergency service are required.  Similarly, DGNA is also considered useful for managing incidents by other user organisations such as Utilities and Transportation.
Ambience Listening
A Dispatcher may place a radio terminal into Ambience Listening mode without any indication being provided to the radio terminal user.  This remote controlled action allows the dispatcher to listen to background noises and conversations within range of the radio terminal’s microphone.  This is an important service to utilise for those persons transporting important, valuable and/or sensitive material that could be ‘hijack’ targets. Similarly, this is a useful service to have implemented in public service vehicles where a driver’s health and safety could be at risk.  The number of user applications for the Ambience Listening service are numerous and in many cases application specific.  However, it is important to note that many users feel that this service invades a person’s privacy and for this reason only those users who need Ambience Listening as part of their work duties should be provided with this service. 
Call Authorised by Dispatcher
This service allows dispatcher to verify call requests before calls are allowed to proceed.  This is a useful service to utilise when radio user discipline needs to be maintained.  This service also reduces the amount of radio traffic on a network as only essential work related calls are permitted.  However, the frequent need for all informed net group communications between terminal users and the time delay experienced in authorising calls can make this service unacceptable for some user organisations.
Area Selection
This service defines the areas of operation for users. Areas can be chosen on a ‘call by call’ basis.  This service basically simulates the ability for a dispatcher to select different base stations to make a call as was possible in conventional networks.  This service also helps to improve network loading and overall spectrum efficiency by restricting the area of operation for selected all informed net group calls.
Late Entry
This service provides continuous call in progress updates to allow latecomers to join a communication channel.  This is not a service but an air interface feature that allows a trunked radio terminal to behave in a similar way to conventional PMR terminals.  For example, if a user turns on their TETRA terminal the control channel will automatically divert the user’s terminal to a talk group call, if a call is already in progress.  Similarly, if the user’s terminal has been outside radio coverage, for example in a tunnel, the control channel will also divert the user’s terminal to a talk group call assuming a call is already in progress.
Data Services
Short Data Service
The Short Data Service can provide up to 256 bytes of data, which can be used for basic status messaging, location information such as that provided by the TETRA Location Information Protocol (LIP) and free form text message applications in either ‘point to point’ or ‘point to multipoint’ call set-up configurations.  Because of the relative short duration of each data message, this service is supported on TETRA control channel TDMA time slots.
Packet Data Service
The packet data service can be supported on one TDMA time slot with a gross protected bit rate of 4800 bits/s or multiple TDMA time slots up to a maximum of four.  The use of multiple TDMA time slots is often referred to as bandwidth on demand and can be used to increase gross protected data throughput up to 19.2 kbits/s, thus increasing the number of non-voice applications that can be supported on TETRA.
	
	Přenos dat je možný ve třech módech (nezabezpečený přenos, přenos s nízkou ochranou a přenos s vysokým stupněm ochrany).

	 
	 

	 
	Počet slotů
Nezabezpečený mód
Nízká ochrana
Vysoká ochrana
1 slot
7,2 kb/s
4,8 kb/s
2,4 kb/s
2 sloty
14,4 kb/s
9,6 kb/s
4,8 kb/s
3 sloty
21,6 kb/s
14,4 kb/s
7,2 kb/s
4 sloty
28,8 kb/s
19,2 kb/s
9,6 kb/s
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Direct Mode Operation (DMO)
DMO is the term used by the TETRA industry to describe the ability of TETRA radio terminals to communicate directly with each other (like ‘Walkie-Talkies’) independent of the Trunked Mode Operation (TMO) network. DMO is not new and has been a fundamental mode of operation by many traditional PMR user organisations for several decades.  The primary requirement for DMO in TETRA has been brought about by the need to balance the RF coverage, Grade of Service (GoS) and reliability of a network with that of the network’s overall cost. 
Typical DMO Applications
The typical applications for DMO are local area communications outside the TMO network and range extension of the TMO network.  To improve communication capabilities when using these applications, facilities are provided to enable DMO users to be contacted by TMO network users when operating outside the network as well as facilities to enhance local area DMO RF coverage performance.
Local Area DMO Communications
Local area DMO communication is mainly used to provide additional capacity outside the TMO network for localised work activities, major incidents and/or periodic events.  To a lesser extent, local area DMO communication is also used in poor TMO RF coverage areas and/or when service from a local base station site is lost.  To provide this local area communication capability, practically all TETRA terminals, whether mobile or handportable terminals, are equipped with both TMO and DMO facilities. 
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Figure 1: Local Area DMO Communications Application
Figure 1 shows a team of Electricity Utility workers repairing a damaged overhead power cable, which is a typical application for local area DMO communications.  Because of the localised nature of the work, there is no need to load the main TMO network with localised voice traffic.  For this reason, the team has made the decision to operate in DMO.  Another contributing factor to this decision is that the team does not want to suffer GoS access problems when the TMO network is busy.  It could also be possible that RF coverage from the local base station site may not support handportable operation and therefore DMO would be the only form of communication.  For this type of local communications application a RF coverage range performance of approximately 250 metres is considered more than acceptable.
TMO network range extension
The most frequently used DMO application is to provide TMO network range extension allowing handportable communications in areas of a TETRA network where only mobile radio coverage is supported. To provide this TMO network range extension facility a vehicle mounted TETRA mobile radio terminal equipped with ‘Gateway’ operation is required to link a handportable or or mobile radio terminals operating in DMO with the TMO network.  Figure 2 shows a typical police application for TMO network range extension.
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Figure 2: Typical TMO Network Range Extension Application
From Figure 2 it can be seen that a police officer has stopped a goods vehicle on a main highway running through the countryside where only mobile communications are supported.  In this example, the police officer needs to verify the vehicle registration, driving licence, and nature of goods carried.  For this purpose it is more efficient for the officer to use a handportable radio terminal for communications with the police control centre than it is walking backwards and forwards between the goods vehicle and his patrol car.  Also, having direct access to communications when away from the patrol car is important for the officer’s health and safety. Again, for this type of local communications application, a RF coverage range performance of approximately 250 metres is considered more than acceptable.
Communications between DMO and TMO users
As mentioned previously, communications between DMO and TMO users can be provided using DMO Gateways.  Although Gateways are normally used to extend TMO network coverage, they can also be used to link local area DMO communication nets into the TMO network when required.  This form of Gateway linking can be used independent of the type of RF coverage provided by the TMO network. Another form of providing communications between users operating in DMO and users operating in TMO is the use of a facility called ‘Dual Watch’ which, when enabled, periodically ‘listens out’ for calls on either DMO or TMO dependent on mode selected.  For example, if the mode of operation was DMO the radio terminal would listen out for calls on TMO and vice versa if the mode of operation was TMO. This Dual Watch facility can be provided on both handportable and mobile radio terminals.  Obviously, for Dual Watch to operate on handportable radio terminals, RF coverage would be required from the TMO network.
Enhanced local area DMO RF coverage performance
Even though DMO RF coverage performance is more than adequate for most applications, there are instances when RF coverage needs to be enhanced, for example in localised areas where there is a significant amount of building clutter over a relatively large area causing unacceptable signal losses.  In these instances, enhanced RF coverage can be provided by a ‘Repeater’ facility incorporated in a vehicle mounted TETRA mobile radio terminal, or a transportable radio unit, suitably located to provide the required area coverage.  For practical reasons, this ‘Repeater’ facility is only made available on mobile radio terminals.  Also, Repeaters can be provisioned with a Gateway facility to link DMO and TMO communications when necessary. 
User Application Summary
From the application examples provided it can be seen that many traditional PMR user organisations will achieve economic benefits by using DMO without seriously compromising RF coverage, GoS and network reliability requirements.  From practical experience, the maximum RF coverage performance required for DMO is approximately 250 metres for most localised communication applications and 1 km for major incidents. 
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TETRA Release 2
TETRA Release 1 (Voice + Data) already provides a very comprehensive portfolio of services and facilities but as time progresses there is a need to evolve and enhance all technologies to better satisfy user requirements, future proof investments and ensure longevity. Like GSM moving to GPRS, EDGE and UMTS/3G, TETRA also needs to evolve to satisfy increasing user demand for new services and facilities as well as gleaning the benefits of new technology. 
As early as 1999, interest groups comprising both users and manufacturers within Technical Committee (TC) TETRA and the TETRA Association identified the need to enhance TETRA in several areas.  Although the initial number of areas identified were very comprehensive, significant events in the telecommunications industry, combined with changing market needs, resulted in the following services and facilities being standardised at the end of 2005 as part of TETRA Release 2.
· Trunked Mode Operation (TMO) Range Extension
· Adaptive Multiple Rate (AMR) Voice Codec
· Mixed Excitation Liner Predictive, enhanced (MELPe) Voice Codec
· TETRA Enhanced Data Service (TEDS)
Trunked Mode Operation (TMO) Range Extension
The ability for TETRA to operate beyond the 58 km range limit (a function of TETRA’s TDMA structure) was required by certain user organisations to allow efficient Air-Ground-Air (AGA) communications whilst operating on the main TMO network.  By modifying uplink and downlink bursts, as well as guard times, the TMO range of TETRA is extended up to 83 km for AGA applications.  (Note: DMO has no TDMA structure range limitation as synchronisation takes place in DMO at the start of each transmission).
Adaptive Multiple Rate (AMR) Voice Codec
The AMR codec, operating in the 4.75 kbits/s only mode, has been chosen for possible future applications in TETRA.  However, completion of the Air Interface Standard to accommodate the AMR codec is suspended in TC TETRA until sufficient market need is identified
Mixed Excitation Liner Predictive, enhanced (MELPe) Voice Codec
The STANAG 4591 (MELPe codec), to use its correct NATO reference, has been standardised by NATO for its own military communication applications because of its low bit rate (2400 bit/s), immunity to high background noise and acceptable voice quality performance.  Because of TETRA’s suitability for certain military communication applications TC TETRA carried out a technical feasibility study to see if could be supported on TETRA.  The results of this study indicated potential benefits such as
· Interworking with government systems (no tandem operation) 

· Suppression of background noise 

· Improved RF Coverage using spare bits available for extra FEC 

· Simultaneous V+D using spare bits available for data 

However, the way the MELPe codec needs to be implemented in TETRA increases “end to end” voice delay, which needs to be balanced against its possible benefits. Completion of the TETRA standard to accommodate the MELPe codec will be dependent on the outcome of cost/benefit comparisons with the existing TETRA codec, which will be carried out in TC TETRA.
TETRA Enhanced Data Service (TEDS)
TEDS is a new TETRA High Speed Data (HSD) service using different RF channel bandwidths and data rates for flexible use of PMR frequency bands. TEDS is fully compatibility with TETRA Release 1 and allows for ease of migration.  It has been optimised for efficient use of PMR frequency bands and designed for all TETRA market segment applications.  The RF channel bandwidths supported in TEDS are:
· 25 kHz 

· 50 kHz 

· 100 kHz 

· 150 kHz 

The modulation schemes supported in TEDS are:
· pi/4 DQPSK (for common TETRA V+D and TEDS control channel) 

· pi/8 D8PSK (for early migration requiring modest increase in speed) 

· 4 QAM (for efficient links at edge of coverage) 

· 16 QAM (for moderate speeds) 

· 64 QAM (for high speeds) 

Figure 1 is a matrix showing the different RF channel bandwidths and data rates supported in TEDS.
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Figure 1: TEDS RF channel bandwidths and data rates
With adaptive selection of modulation schemes, RF channel bandwidths and coding according to propagation conditions, user bit rates in the region of 10 to 500 kbits/s can be expected.  For ease of evolution and migration from TETRA Release 1 reuse of the TETRA protocol stack and TDMA structure have been maximised.  TEDS also allows up to 8 multimedia applications and QoS negotiation for real-time class data applications, such as voice and video and telemetry, with the QoS attributes negotiated being; throughput, delay, priority and reliability. Support for sectored cells is also provided enabling the use of existing TETRA Release 1 Base Sites for TEDS without the need for additional sites. Even though TEDS is capable of providing High Speed Data in 150 kHz RF channels, the current limitation caused by insufficient RF spectrum to support the growth of TETRA will probably limit early deployments to 50 kHz RF channel assignments only.
Now that the TETRA Release 2 standards are sufficiently complete for product development purposes, actual product availability will be dependent on the different manufacturers development plans.
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