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Abstract. TETRA is a digital trunked mobile radio standard, devel-
oped to meet the needs of traditional Professional Mobile Radio user or-
ganizations. As TETRA does not provide for broadband services, many
companies are looking into integration of LTE and TETRA in order to
provide support for real time multimedia services. Fast handover among
these networks is paramount for mission critical applications. Therefore
this paper explores the possibilities and advantages of using the Media
Independent Handover, an IEEE standard, in improving the handover
performance in a TETRA-LTE heterogeneous environment. Addition-
ally it identifies the main challenges related to handover between these
two networks.
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1 Introduction

Wireless broadband networks have become an important part of our lives more
and more during the recent years. The advantages they o↵er are crucial for com-
mercial users opening new ways for creating new advanced services. On the other
hand the mission critical networks as TErrestrial Trunked Radio (TETRA) [1],
are bounded to narrowband communications limiting the chances to provide ad-
vanced services. The idea of integrating public safety networks with commercial
networks becomes more and more mature nowadays [2]. The broadband commer-
cial networks can be used as a supplement to the services provided by the public
safety networks. For that to be feasible many considerations must be taken into
account, for the natures of these networks are totally di↵erent. There must be a
mechanism that allows the public safety users to roam seamlessly to commercial
broadband networks.

In this paper such a mechanism for a seamless handover between heteroge-
neous networks is presented. This mechanism is based on the Media Independent
Handover (MIH), IEEE 802.21 standard. The standard has to be revised in order
to apply necessary modifications to allow roaming between TETRA and LTE
but the general principles remain the same. Based on the IEEE 802.21 stan-
dard an integrated network between LTE and TETRA is proposed, integrating
the necessary MIH components inside the network architecture. Based on this
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architecture a simplified mobile-initiated handover scenario is presented describ-
ing the case where a mobile node performs handover from a TETRA network to
an LTE network when the link quality deteriorates. The commands that are used
to describe the exchange of messages between the involved network elements are
the typical MIH commands.

The paper starts with an overview of the TETRA architecture in Section 2.
Section 3 outlines features that LTE provides, and are necessary to the pub-
lic safety networks. The MIH functionality is described in Section 4. Section 5
presents the proposed architecture and the Section 6 gives a handover example.
Finally, some further considerations are made in Section 7 regarding security of
information and QoS mechanisms. Conclusion is given in Section 8.

2 Overview of TETRA

TETRA has become a leading PMR (Professional Mobile Radio) technology.
Its main features are wide interoperability, robustness, security and e�ciency.
As a multi-vendor standard, it needs to be adapted in di↵erent core networks
and applications, which leads to di↵erent types of architectures. The TETRA
standards specify eight di↵erent network interfaces, among which are: the Inter-
System Interface (ISI) interface for interconnection with other TETRA networks
and interfaces to PSTN, ISDN or IP networks. TETRA was designed specifically
for use in public safety networks, so robustness is of high importance for the
system. The voice services include a 2-way communications but TETRA also
includes the capability of group calls with some features as priority calls, call
recording, busy queuing and so on. Also the Direct Mode Operation (DMO) fea-
ture is available when two mobiles are communicating directly when no coverage
is available.

TETRA system was designed for narrowband voice services. The main pa-
rameters of the TETRA release 1 was maximum data rate of 19.2Kbps . TETRA
release 2 introduced many enhancements as a new codec (the AMR), new mod-
ulation schemes and higher data transmission rates. The maximum theoretical
attainable data rate is 518 Kbps but a realistic one is 154 Kbps (64-QAM mod-
ulation and coding rate r = 1). In general, there is need for broadband radio
services in TETRA systems in order to exploit the capabilities of the next gen-
eration networks. Some of these services include video transmission, two-way
real-time video, telemetry services etc.

3 LTE Features Enabling Broadband Services

LTE uses new technologies in order to achieve high spectral e�ciency and ro-
bustness. It uses Orthogonal Frequency-Division Multiple Access (OFDMA) as
a multiple access scheme for downlink, Single Carrier FDMA (SC-FDMA) for
uplink, and introduces Multiple Input Multiple Output (MIMO) technology in
order to increase the capacity of the system. Adaptive Modulation and Cod-
ing (AMC) is used to adapt the data transmission based on the received signal
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and H-ARQ, as fast retransmission method is applied. Also, it is flexible which
means it can be deployed in a range of frequencies, and di↵erent channel band-
widths and supports both frequency (FDD) and time (TDD) duplex modes. Due
to its all IP-based architecture an end-to-end class based QoS architecture has
been defined. This is important to TETRA users as it provides mechanism for
prioritization among di↵erent types of missions. The LTE architecture is simpli-
fied and includes few elements. This introduces low latency within the network,
an attribute that is critical for the PMR systems. Group calls as aforementioned
are a key feature of TETRA system. In LTE the usage of unicast connection
per member of a group would lead to scalability problems. The usage of Multi-
cast Broadcast Multimedia Services (MBMS) [3] [4] is necessary and solves this
problem.

4 Overview of Media Independent handover

The purpose of the IEEE 802.21 standard is to enhance the handover proce-
dures. It is based on an intermediate abstraction layer between the PHY and
the MAC layers, which is called Media Independent Handover Function (MIHF).
The MIHF is located in both the protocol stack of mobile nodes and network
nodes. This layer is also known as Layer 2.5. The MIHF provides services to
upper layers and helps the handover information flow through the entities that
take part in the handover.

Three main groups of services are defined. The Media Independent Event
Services (MIES) is responsible to provide link state information to the entities.
The Media Independent Command Services (MICS) is responsible for control
services to upper layers, for managing the low level parameters or configuring
the MIH entities. Finally the Media Independent Information Services (MIIS) is
considered as a key service because it helps in the preparation of the handover
procedures.

In this paper the MIH concept is proposed as handover mechanism for the
integrated LTE-TETRA network architecture. TETRA is a mission critical net-
work and the service continuity during and after handover is crucial. The cases
when a mobile can request a handover from the TETRA to LTE network is
when it senses that the quality of the link is deteriorating, or when the quality
of service that LTE guarantees is better than the one in TETRA network. This
applies mostly in applications that require a lot of bandwidth and not so in case
of simple voice calls. Also this handover may be used in cases when the TETRA
network is overloaded therefore some of the load can be transferred to the LTE
network.

5 Integrated Network Architecture

This section presents the integrated network architecture between the LTE and
the TETRA network. The elements included in the architecture are also briefly
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described. In Fig. 1 the proposed architecture is shown for a TETRA-LTE net-
work. The components that consist the LTE network remain the same but they
are enhanced with MIH functionality. TETRA and LTE base station are re-
ferred to as MIH PoAs in Media Independent Handover concept. MIH Point
of Service (PoS) are preferably installed in the access network rather than in
core network in order to reduce the signaling load. In that way the MIH enti-
ties inside the mobile node and the access network, can communicate between
each other by sending media independent handover protocol messages (MIHP
messages). On the TETRA network side architecture the Switching and Man-
agement Infrastructure (SwMI) consisted of several nodes such as controllers,
gateways, inter system interface nodes, etc. The SwMI is considered as the core
part of the TETRA network. It is assumed that there is a gateway in the SwMI
towards the packet switched core network.

Fig. 1. Architecture of a TETRA-LTE integrated network under di↵erent operators

Below a presentation of the network elements is made where the main func-
tionality of each element is explained:

Mobile devices: The mobile devices must be multimode devices that can ac-
cess both LTE and TETRA networks, and are enhanced with MIH capabil-
ities.

eNodeB: The typical base stations for the LTE network with advanced func-
tionality. The MIH PoS can be collocated with MIH PoA inside eNodeBs in
the e-UTRAN.

Mobility Management Entity (MME): It communicates the core network
with the base stations and the base stations with the users. It handles all
the signaling. In this architecture it will be involved in the authentication of
the TETRA user inside the LTE network and the establishment of bearers.
Additionaly it can transfer the authentication requests to the SwMI if it is
necessary depending on the policy of the integrated network.
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Serving Gateway (S-GW): It is responsible for the management of user data
tunnels between the base stations and the Packet Data Network Gateway.

Packet Data Network Gateway (PDN-GW): This node is working as a
Gateway to the Internet. It is also responsible for assigning IP addresses to
the mobile devices.

Home Subscriber Server (HSS): LTE is sharing its database with other sys-
tems like UMTS and GSM. This is necessary in order to enable seamless
roaming between di↵erent types of network. Proportionally to this logic
the HSS for the LTE network can share information with the TETRA net-
work management. The level of trust between the networks should be con-
sidered though.

Media Independent Information Service Server (MIIS): MIIS Server is
the entity that o↵ers the Media Independent Information Service (MIIS)
which provides the mobile terminal or the network with information within
a geographical area to facilitate handovers. An enhancement is needed in
the MIIS in that particular case because now it is designed to provide in-
formation about IEEE 802, 3GPP and 3GPP2 networks so this list must be
expanded with TETRA networks also.

Switching and Management Infrastructure (SwMI): This element is con-
sidered as the core part of the TETRA network. It is the network compo-
nent where the switching, the gateway, the database management and the
interfacing functions for the TETRA network are located. It o↵ers call man-
agement, resource management and mobility management. The connection
with the LTE network can be established through the ISI interface after
some modifications. It must be noticed that in the proposed architecture the
just one SwMI is illustrated for simplicity.

6 Use Case: Handover

In this section a message flow in the context of MIH is presented and discussed
in the case that a TETRA mobile device is performing a handover to an LTE
network. It is the case of a network-initiated handover. The message flow is
shown in Fig. 2. The mobile initiated handover message flow is slightly di↵erent
but the concept is the same. The handover procedure is divided in three phases
(initiation, preparation, execution) as described in the IEEE 802.21 standard.

In the initiation phase the TETRA PoS informs the mobile node by send-
ing a Configure Link REQUEST and the thresholds under which the mobile
node should report the signal measurements to the network. The mobile node
is aware of these thresholds and when their value is violated the mobile sends a
Link Parameters Report INDICATION to the network. This message can also
be sent periodically. If the quality of the link is bad, meaning for instance that
the mobile is moving away from a TETRA base station, then it can send a Link
Going Down INDICATION that informs that the quality of the link is deterio-
rating and it will go down at a specific time. In the handover preparation phase
the, TETRA PoS communicates with the MIIS Server that gathers information
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Fig. 2. MIH assisted handover from TETRA to LTE
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about the available networks in the location of the mobile phone. After collect-
ing information of the available networks, the TETRA PoS sends a message to
the mobile node requesting to scan the specified networks in the message and to
give the measurements back to the TETRA PoS. The TETRA PoS sends again
a message to the mobile suggesting a list of candidate networks. This list is a
suggestion and the mobile node can make its own choice for the final network. At
the same time the TETRA PoA is communicating with every available network
asking for resources. The chosen network in that case is an LTE network and
the mobile node is answering back to the TETRA PoS with a HO Candidates
Query RESPONSE.

The last phase is the execution phase and the TETRA PoS sends a HO
commit REQUEST to the mobile node indicating the actions to be done over
the new and the old link. The resources on the old link can be released now
but it is strongly advised to keep the resources in both links so in that way
to decrease the disruption time. The mobile now is ready to take the actions, it
handovers under a new LTE node and all the core networks entities are informed.
The MME entity that handles the signaling can inform the SwMI for the new
location of the user and to inform the HSS also. The MME also authenticates the
user in the LTE network before the handover. The PDN-GW will assign also a
mobile IP to the mobile node. After the successful registration of the mobile node
to the LTE network, the TETRA PoS informs the LTE PoS for the successful
handover procedure. Then the LTE PoS sends a HO Complete RESPONSE
message to the TETRA PoS informing it that it can release the resources that
were reserved for the mobile node in the TETRA network.

7 Future Considerations

There are many parameters that must be into consideration for an integrated
TETRA-LTE network. The general principles that the TETRA is based on as
a PMR are the following:

• High availability
• High reliability
• Security
• User interoperability
• Optimized group communication

The above principles have to be fulfilled from every network that targets
to be a PMR or in this specific case for an integrated TETRA-LTE network.
The LTE seems to be a good candidate to operate alongside TETRA as it o↵ers
some features that are necessary to the TETRA network like high bandwidth
and low latency.

TETRA requires quick call setup standardized to be less than 300ms. Also
the voice calls are an important part of the TETRA network with special refer-
ence to group calls that occupy the largest percentage of voice calls in TETRA
system. Here comes a potential problem. The LTE system is not optimized yet
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for voice calls. It handles the calls like VoIP calls. It can provide the high demand
for bandwidth that the new TETRA networks want to employ as a feature but
there is question if it is able to provide basic voice services that are also impor-
tant features of the TETRA networks.

In current networks there are some ideas to provide circuit switched services
to the LTE all-IP network. The project VoLGA [5] is one of these ideas but it
is not to be standardized and it seems that it is not of high appreciation even if
it o↵ers decreased call setup times compared to other techniques. Another idea
is the CS fallback [6] that provides interoperability with the circuit switched
networks. The drawback of this idea is that it increases the call setup times
which is unaccepted for public safety networks and especially for TETRA. In
the plan of the voice evolution for LTE the last phase is the convergence to a
continuous coverage across the all access networks and interoperability between
operators [6].

LTE is not designed as a critical system. Some modification regarding avail-
ability and high reliability must be made. Redundant network components should
be deployed in the LTE network side in order to ensure the network survivability.
The integrated network should be redundant avoiding points of single failure.

Some modifications also should be made regarding security and authentica-
tion mechanisms. In the LTE network the whole security architecture is based
on a secret key. The same key is stored on both the SIM cards and the HSS. The
authentication algorithms are also stored and executed in SIM cards and HSS.
For the integrated network the TETRA mobile nodes must be able to store this
key and the authentication mechanisms within them in order to be able to au-
thenticate to the LTE network upon the handover from TETRA to LTE. The
level of trust can be negotiated between the two network operators. A possible
solution that ensures data integrity in LTE side is that the phone can encrypt
the data and then the LTE network can forward these data back to the TETRA
network for decryption. That would of course add more delay to call setups but
it is a tradeo↵ that every public operator should consider.

It is very important before the handover from TETRA to LTE to ensure
that the same resources can be guaranteed to the new network. LTE incorpo-
rates many QoS mechanisms that fulfill the TETRAs needs and can address
the problem for prioritized access to the resources. Some of these are the Al-
location Retention Priority (ARP), QoS Class Identifier QCI and Tra�c Flow
Template TFT. The proposed framework for controlling and initiating the QoS
mechanisms in LTE is the mobile-initiated QoS control when the mobile sig-
nals the network and informs it about the QoS characteristics of the desired
connection.

In Fig. 2, it is presented a network-initiated handover but the decision for
the handover is taken by the mobile. Considering the trust relationship be-
tween TETRA and LTE networks, the handover decisions should be network
initiated. When the mobile node informs the TETRA PoS for a deteriorating link
quality, the TETRA network should initiate the handover as described in Fig. 2.
Also considering the problem with the voice calls in LTE networks it would be

ICT Innovations 2013 Web Proceedings ISSN 1857-7288

V. Trajkovik, A.Mishev (Editors): ICT Innovations 2013, Web Proceedings, ISSN 1857-7288 
© ICT ACT –http://ictinnovations.org/2013, 2013 

 

187



advisable for example to perform handover only for packet switched services
(such as data transfers and multimedia services as video surveillance services)
that require enough bandwidth which the LTE network can provide. Regarding
voice group calls it is crucial that all mobiles that belong to the same group are
handled by a single network operator that would be preferred by TETRA net-
work. A scenario with some members of the group handled by the LTE network
is not so appealing and would complex the communication.

8 Conclusion

This paper proposes an integrated network architecture, for commercial and
public safety networks, and a framework for seamless handover mechanism using
the IEEE 802.21 standard. The possibility of such integration between TETRA
and LTE networks is elaborated and discussed. There are many challenges that
should be taken into consideration for an integration to become real even if the
need for higher bandwidth in public safety network is increased. The analysis
lead to conclusion that it is better to use the LTE network in cases of multimedia
or data services and not for simple voice calls and especially group calls. There is
need to converge to a solution regarding the voice services in LTE network when
there are calls from and to circuit switched networks. Until that time TETRA
calls must be handled from the TETRA network itself. The QoS mechanisms
such as QCI and ARP parameter values, must be agreed from both operators. For
instance both commercial and public safety users must be mapped in the ARP
values. In conclusion it seems that the integrated LTE-TETRA network is a way
to facilitate the lack of TETRA standards to support high bit rates. A lot of
research is needed in order a commercial network to be ready to support fully
operationally public safety network.
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