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1. INTRODUCTION
With the ascent of smartphones and other mobile internet 
devices, the demand for mobile data has likewise risen, 
by as much as 69% in 2014 alone [1]. This staggering 
level of growth places great strain on scarce resources 
such as radio spectrum and tower real estate. This 
has in turn led to an industry push for innovative radio 
technologies to better utilise these scarce resources.

In parallel, communications systems have been gaining 
increasing importance and prominence in modern 
railways, as increasingly complex operations and 
technologies such as Communications Based Train 
Control (CBTC) place higher demands on both mobile 
and fixed communications networks.

For many rail operators, analogue railway 
communications mobile radio systems still provide 
voice services that are highly reliable, with low latency 
and group call features. However, these technologies 
struggle to support increasing volumes of voice traffic, 
especially where agencies are facing competition from 
other agencies and from mobile telephony carriers for 
limited and highly valued spectrum. The inability of 
current systems to carry large volumes of data also 
prevents such technologies from carrying CBTC. 

At the same time, the rapid pace of technological change 
in the telecommunications industry is making analogue 
radio networks originally designed and deployed in the 
1980s and 1990s become rapidly obsolete, with parts 
and components increasingly difficult to source and 
procure.

Long Term Evolution (often referred to as LTE or ‘4G’) is 
the name used to refer to the latest generation of mobile 
telephony technology. LTE has taken the mobile industry 
by storm, rapidly evolving to take over the ecological 
niche of potentially competing technologies such as IEEE 
802.16 (WiMAX). Since the first LTE deployments took 
place in 2009, the technology has started to grow at a 
pace not seen since the original 1990s GSM deployment, 
and it has become nearly ubiquitous.

More interestingly, LTE has become to make inroads 
into markets that were never the focus of previous 
mobile technologies. Thanks to the advances in 
machine virtualization, it is now possible to scale down 
networks so that they that offer all the capacity of full 
blown carrier-grade communications systems, while 
being dimensioned to meet the capacity requirements 
of a smaller – but more demanding – set of users and 
applications.

This growth into enterprise and mission-critical markets 
– including industrial and emergency services – has 
also led to enterprise and mission-critical applications 
to serve those market segments.

This white paper explores how LTE standards are evolving 
to provide Mission-critical Push-To-Talk (MCPTT) voice 
communications, and how LTE-based MCPTT systems 
will be deployed in the railway environment in coming 
years. We will also explore the requirements that a 
Mission-critical Voice application imposes over a LTE 
network, and the implications that the deployment of 
LTE networks to support Mission-critical Voice services 
will bring to the railway industry.

2. LTE OVERVIEW
In recent years, all the different mobile broadband 
technologies that had been proposed, tested and 
deployed over the last decade have been converging into 
a limited number of industry standards, with 3GPP Long 
Term Evolution (LTE) quickly becoming the forerunner 
technology for most applications with important mobility 
and end-to-end quality of service requirements, while 
the IEEE 802.11 (WiFi) standard family covers the low 
mobility, best-effort, unlicensed spectrum end of the 
technology range.

LTE was designed to significantly improve upon the 
performance of UMTS/HSPA (3G), with the following 
goals initially set in 2008:
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SUMMARY
In the last five years, and carried by the enormous success of smartphone and tablet devices in providing a user-
friendly interface to mobile user equipment, Long Term Evolution (LTE) has matured from one of several possible 
radio data transmission broadband technologies to quickly become a de facto standard radio layer for all future mobile 
applications in the mobile telecommunications sector.

Although traditionally very conservative in terms of technological innovation, the rail industry is coming to terms with 
this state of affairs. As ubiquity and data collection become firmly established as a possibility in the expectations of 
railway stakeholders, the demand of services that require broadband radio connectivity is increasing.

The industry is starting to respond to this increase in demand in the rail sector, as well as in other sectors such as 
First Responders and Emergency Services. This paper will explore how LTE is changing to meet this demand, with 
particular emphasis on the provision of mission-critical voice services over a LTE radio layer, and what will be the 
implications of those changes on the railway industry at large.



> Downlink Peak Rate of 100Mbps (20MHz channel)

> Uplink Peak Rate of 50Mbps (20MHz channel)

> Cell radius up to 5km

> Mobility to be supported up to 350 km/hr

> Coexistence / backward compatibility with existing 
systems (2G,3G)

To achieve this, the radio interface underwent significant 
change. Orthogonal Frequency Division Multiplexing 
(OFDM) was combined with higher order modulations 
(up to 64QAM) provided significant improvements to the 
spectral efficiency of the downlink.

2.1  3GPP Standardisation
LTE mobile networks are defined by a series of Technical 
Specifications issued by an entity called the Third 
Generation Partnership Project (3GPP).

The Third Generation Partnership Project (3GPP) is 
a conglomerate of telecommunications standards 
bodies charged with producing technical specifications, 
originating with the IMT-2000/3G standard. Currently, 
3GPP are charged with producing the technical 
specifications for LTE and LTE Advanced. 

3GPP produce discrete sets of specifications (called 
“Releases”), to which mobile telecommunications 
organisations (such as Samsung or Nokia) can produce 
proprietary, yet cross-compatible equipment. The latest 
3GPP Release was Release 12, which was “frozen” in 
March 2015. The next 3GPP Release will be Release 13, 
which is currently planned for March 2016.

2.2  OFDM-SC Radio Interface
The 3GPP specifications [2] define the downlink (OFDMA) 
and uplink (SC-FDMA) radio interfaces for LTE networks.

Orthogonal Frequency Division Multiplexing Access 
(OFDMA) is based in the division of available bandwidth 
into groups of 15 kHz orthogonal narrowband 
subcarriers that can be allocated to multiple users. 
The orthogonal properties of the subcarriers (obtained 
through digital Fast Fourier Transform calculations) 
minimise interference between subcarriers, maximising 
spectral efficiency.

OFDMA requires very high peak-to-average power 
ratios, and therefore very expensive power amplifiers. 
This, while feasible on the RAN, would lead to very 
expensive UEs. 3GPP therefore defined a Single Carrier 
Frequency-Division Multiple Access solution for the 
uplink UE to RAN radio interface.

OFDMA further divides the 15 kHz orthogonal subcarriers 
into 0.5 ms time slots. Each time slot contains 7 OFDM 
symbols that take 71.3 μs each. LTE combines 12 
subcarriers per time slot into one Resource Block.

Therefore, every OFDMA resource block includes 12 x 7 
= 84 Resource Elements (1 subcarrier per symbol). The 
number of bits per symbol depends on the modulation 
and coding schemes, with QPSK corresponding to 2 bits, 
16QAM to 4 bits and 64QAM to 6 bits.

Every eNodeB, however, needs 4-6 Resource Blocks for 
network overhead. Hence why the minimum bandwidth 
that can be allocated to an eNodeB is 1.08 MHz (6 RBs), 
and the maximum bandwidth is 19.8 MHz (110 RBs).

In the uplink, LTE networks use Singe-Carrier Frequency 
Division Multiple Access (SC-FDMA) in order to avoid the 
demanding power requirements of OFDMA. This helps 
maintain User Equipment devices at a reasonable price 
for the consumer market.

In SC-FDMA, each user is dynamically assigned a set 
of sub-carriers for a very brief period of time. All sub-
carriers in a Resource Block are modulated with the 
same data for a small fraction of time, as opposed to 
OFDMA, where sub-carriers are individually assigned 
per user over longer periods of time. SC-FDMA shorter 
symbols are less efficient – hence why LTE networks 
can transmit more traffic in the downlink than in the 
uplink – but are cheaper to implement in the transmitter 
installed in the User Equipment.

2.3 LTE Spectrum Bands
The modulation schemes described in the previous 
section can be used in either Frequency Division 
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Figure 1: OFDMA and SC-FDMA Schemes

Figure 2: OFDMA Resources Blocks



Duplexing (FDD), with uplink and downlink frequencies 
separated by a frequency offset, or Time Division 
Duplexing (TDD), where downlink and uplink 
transmission share frequencies at different moments in 
time.

According to those two formats, 3GPP has defined a 
number of different frequencies for LTE operation.

Figure 3: LTE Frequency Bands [3]

LTE has also seen growth in the provision of data to 
mobile devices in the home, previously the domain 
of the IEEE 802.11 family, otherwise known as WiFi. 
LTE currently relies on exclusive (and hence costly) 
spectrum, which puts it at a cost disadvantage to WiFi in 
low mobility environments.

However, there are plans currently underway to 
utilise LTE in the unlicensed spectrum, reducing the 
cost of using LTE for home based mobile devices. This 
development (known as Licence Assisted Access), could 
prove to be of great benefit to operators seeking to 
expand networks without the cost of licensed spectrum.

2.4 Spectral Efficiency
By lowering the transmission power or refocusing 
antennae, a LTE system can reduce the effective reach of 
an individual tower. In this way, more cells can be added 

to the system, reusing scarce (and often expensive) 
spectrum more often over the network, and hence lifting 
the capacity of the system overall.

LTE differs from previous cellular technologies in that 
E-UTRANs are capable of self-optimisation, managing 
interference between themselves and coordinating 
with each other to allocate UEs according to the most 
efficient use of radio spectrum.

Multipath propagation refers to the situation where 
radio waves travel to the same point via different 
paths, through refraction or reflection off an object. The 
difference in path length leads waves to interference, 
and can detract from the performance of a standard 
radio system.

LTE however, has the ability to utilise these multiple 
paths from the same antenna to its advantage, via a 
technique called Multiple-Input, Multiple-Output or 
MIMO. Networks can utilize several antennae to transmit 
the same signal to several Rx inside the UE. The UE then 
uses the unique fading characteristics of the individual 
transmissions to construct a more accurate recreation 
of the original transmission, thus improving the Signal 
to Noise and Interference Ratio (SNIR) [4].

Figure 4: 2x2 MIMO Operation [4]

In already high SNIR situations, a LTE system can 
treat the individual paths as separate data streams, 
effectively using reflective surfaces as separate 
antennas. With up to 8x8 Tx/Rx, MIMO has the potential 
to lift data throughput significantly, potentially allowing 
for streaming video. Capable UEs will automatically use 
the most appropriate method, according to the SINR at 
the time, ensuring the network gets the highest data 
throughput available at all times.

 
3. MCPTT VOICE REQUIREMENTS
While LTE was developed with the public mobile 
carriers in mind, rail operators have developed 
their own requirements and needs that sometimes 
diverge significantly from the requirements of typical 
consumer applications. This section will explore the key 
requirements imposed by railway Mission-Critical Push 
To Talk (MCPTT) systems.
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3.1 Availability
MCPTT communications require a high level of 
availability, as dropped calls or loss of coverage could 
both have serious consequences for railway operations.

If the radio system is expected to carry safety critical 
data (e.g. train control and signalling information), then 
the system will be further relied upon. A single system 
carrying both data and voice traffic should aim to 
achieve availability levels of 99.99% or higher.

As LTE transmits data in discrete packets, any 
interference could potentially cause packet loss. Minor 
packet loss will not greatly affect voice transmission, 
but consistent heavy losses could dramatically slow bit 
stream data rates, as re-sent packets cause congestion.

3.2 Prioritisation
LTE networks are capable of assigning different levels of 
priority to different types of traffic, and then establishing 
separate transmission queues for packets of different 
priorities, thus dynamically allocating more resources 
to higher priority traffic as required.

MCPTT will make use of this LTE feature to establish 
different priorities for different types of Group Calls and 
Private Calls.

The 3GPP specifications [5] also foresee Emergency and 
Imminent Danger calls as higher priority calls, as well 
as the possibility to assign different priorities within Call 
Groups and/or user profiles.

In this way, the profile of a signaller or train controller 
could be allocated a higher priority than the profile 
of a train driver or trackside worker, allowing the 
establishment of a hierarchy of access to the radio 
resources depending on the criticality of the situation or 
on the operational awareness of the user.

3.3 Latency
Mission-critical users require the ability to quickly 
communicate emergency information, without requiring 
call acceptance from other users.

LTE MCPTT networks will provide operators the ability 
to establish Group or Private Calls within tens of 
milliseconds of a user pressing a Push-To-Talk button, 
as opposed to the seconds that systems like GSM-R 
currently require.

This will bring Main Line rail voice services in line 
with the systems used by Emergency Services and 
First Responders, and even ahead of the digital radio 
systems (TETRA or P25) currently in use in many Mass 
Transit systems.

3.4 Group Communication
Mission-critical systems rely heavily on the ability to 
seamlessly communicate with large groups of people, 

with little to no action required on the part of the users. 
This is particularly relevant in emergency situations, 
where coordination is essential.

Call groups are defined by network operators and 
associated to user profiles in the Home Subscriber 
Server (HSS). One profile can be affiliated to more than 
one group, and it is possible to be scanning (listening) to 
several groups at the same time, with conflicts resolved 
according to priority assignment.

Upon pressing a PTT button, however, a user will be 
able to take the floor on the one group that has been 
selected either manually or automatically, as in location 
dependent group selection.

3.5 Broadcasting
While a Group Call is defined as a many-to-many voice 
communication arrangement, a Broadcast Call has a 
single speaker, while the remaining members of the 
Broadcast Call Group merely listen to the broadcast 
without being able to take over the communication 
channel. Broadcast Calls are often required by current 
railway operational procedures.

3.6 Voice Recording
Another requirement for railway MCPTT systems is the 
ability to record voice communications. Current rail 
voice radio systems (both analogue and digital) typically 
record all communications for posterior analysis in case 
of incident.

In the network diagram shown in Figure 6, this 
function would be implemented by the Voice Recorder 
(VR) element. Voice recording also needs to be 
defined in terms of the length of time for which voice 
communications need to be saved, and which depends 
on the operational circumstances of each rail operator – 
a typical value could be 31 days.

Voice recording may not be feasible when UEs 
communicate directly via the ProSe protocols described 
later.

 
4. RELEVANT LTE FEATURES
As identified previously, mission-critical users have 
specific requirements, some of which conflict with 
mobile telephony network demands.

Recognising that mission critical users are a growing 
market, recent releases by 3GPP have included a 
number of features intended to bridge the gap between 
previously available LTE capabilities and mission-critical 
operator requirements.

4.1 VoLTE
Voice over LTE (VoLTE) concerns the ability to 
communicate by voice over a LTE network. It involves 
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the segregation of continuous voice data into packets to 
be sent and received. VoLTE technology would allow a 
mission-critical network the ability to host Point-to-Point 
(P2P) private calls.

It is important, however, to understand the difference 
between VoLTE and Over The Top (OTT) Voice over IP 
(VoIP) services. Given that voice can be digitised into 
data, it is possible to deliver voice as conventional IP 
data packets. Such a service, however, does not make 
use of the Quality of Service management provided by 
LTE; that is, VoIP traffic is not treated by the LTE network 
any differently than any other kind of data traffic.

VoLTE features have been available on public carrier LTE 
networks since 2014, with very positive results in terms 
of voice quality reception. In Australia, Telstra enabled 
VoLTE between VoLTE-capable devices in September 
2015.

4.2 eMBMS
LTE is able to broadcast voice or data traffic to many 
users simultaneously through the use of the evolved 
Multimedia Broadcast Multicast Service (eMBMS). 
Release 9 allowed for the broadcast (available to all 
capable UEs in range) functionality [6]. To increase 
spectral efficiency, LTE uses an air interface technique 
called Multicast/Broadcast over a single frequency 
network (MBSFN) where multiple cells coordinate 
identical transmissions to improve the signal strength, 
and hence the available data rate [6, 7].

In commercial networks, eMBMS is being pursued to 
provide for mobile television functionality, particularly 
where large numbers of users are in a small area, such 
as sporting events. For mission-critical users, eMBMS 
could enable emergency calls to be broadcast or 
multicast to many users simultaneously.

4.3 MCPTT
Mission-critical Push to Talk (MCPTT) capabilities allow 
a LTE network to emulate the LMR functionality of 
communication ‘channels’, called talk groups, whereby 
users can communicate in an open group almost 
instantly.

This is a critical area of work for 3GPP, which is covered 
in various work items, by various working groups. TS 
22.179, TS 23.179, TS 23.779, TS 26.179, TS 26.879, TS 
26.979 & TS 33.179 are all variously concerned with 
delivering MCPTT.

4.4 ProSe
Proximity-based Services (ProSe) is the method by 
which mission-critical UEs can relay information from a 
E-UTRAN to another UE that is out of coverage, provided 
that the UEs are within range of one another [7, 8].

In the relay scenario in Figure 5 below, the intermediate 

UE1 receives and then retransmits communications from 
eNodeB1 to UE2. This feature can act as a redundant 
path if a particular cell is temporarily deactivated, 
or if a UE has more advanced Tx/Rx capabilities (e.g. 
more powerful vehicle radios can improve coverage for 
handheld UEs).

ProSe also encapsulates Device to Device (D2D) 
communication, whereby two ProSe devices 
communicate independent from the E-UTRAN. This 
functionality replicates the flexibility of walkie talkies, 
and provides a fallback option in the event of E-UTRAN 
failure.

 
3GPP Studies into ProSe began in Release 12 with 
TR 22.803, and were initially proposed for Release 
13. However, the complicated nature of the relay 
mechanism has seen the deadline for the full suite of 
features slip to Release 14.

4.5 Isolated E-UTRAN
Isolated E-UTRAN refers to the ability for an E-UTRAN to 
function as an isolated system, in the event of backhaul 
and signalling failure. While communication to the wider 
network in this instance is impossible, UEs within range 
of the E-UTRAN can communicate amongst themselves.

While obviously a degraded mode of operation, this 
could be useful to construction or maintenance workers, 
who are outside the active network, or who may need to 
communicate while the core is down.

4.6 Cell On Wheels
Cell on Wheels describes a concept whereby a mobile 
E-UTRAN (likely towed in a trailer, or attached to a 
vehicle) can be rapidly activated to fill an immediate gap 
in radio coverage. This concept should be interest to all 
mission-critical users, as coverage can be re-established 
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if a cell fails, or needs maintenance. In commercial 
networks, COWs are often used to temporarily provide 
higher throughputs where required (such as sporting 
events or concerts).

Depending on supplier, backhaul technologies for such 
mobile cells could include Satellite, Microwave, fibre 
optic cable or even LTE itself, sharing spectrum with the 
other traffic. Careful consideration must be made as to 
what backhaul technology would be appropriate, as the 
need for direct line of sight issues or bandwidth may 
preclude some options.

4.7 Security
LTE is capable of end to end encryption, preventing 
eavesdropping or other security breaches. As railways 
become more reliant on radio communications, it will 
become increasingly important that messages are not 
tampered with, especially signalling or train control 
data.

4.8 Text Based Messaging
As a packet based service, LTE is readily capable of 
handling text based messages, and has so from inception. 
While mission-critical users have not generally relied on 
text based messaging to date, the ability to send and 
receive preloaded common phrases (such as authority 
to proceed or enter rail reserve) could prove beneficial 
to users and the management of the railway.

5. IMPLICATIONS FOR RAILWAY 
COMMUNICATIONS
The railway industry is beginning to experience some 
of the effects of this cross-sectorial revolution in the 
telecommunications sector. LTE networks have already 
been deployed to provide train-to-shore data bearer 
services to Passenger Information Systems and live on 
board CCTV. The support of mission-critical applications 
(voice and Automatic Train Control systems) is the next 
step in the roadmap of railway LTE systems.

5.1 Use of PMNO Networks
Public Mobile Network Operators (PMNO) have already 
deployed LTE networks in many areas around the world. 
In many cases, these public carrier networks provide 
coverage to railway lines. Using these PMNO networks 
to offer data services to railway systems is therefore a 
definite possibility which could be particularly attractive 
in terms of cost if a significant amount of previous public 
carrier technology investment can be leveraged to 
provide services to railways.

In the particular case of Mission-critical Voice services, 
however, the usage of PMNO networks may not always 
be advisable.

As is to be expected, public carriers have naturally 
designed and optimised their current LTE networks 
for the kind of applications that their main users 
demand. The “killer application” that has caused the 
unprecedented growth in broadband demand for PMNOs 

has undoubtedly been Internet data services for public 
subscribers.

Therefore, PMNO networks have been optimised to deal 
with the kind of traffic associated with public mobile 
telephony customers browsing the World Wide Web on 
a smartphone: random, relatively small uplink requests 
followed by bursty downlink traffic, for the most part 
without data prioritisation at the radio interface.

PMNO network scheduling algorithms have been 
optimised to deal with this type of traffic generated by 
millions of public users. Their priority, therefore, is to 
deliver as much data as fast as possible to the largest 
number of customers.

Mission-critical Voice services, as we have seen, 
have requirements of service assurance that differ 
significantly from current PMNO conventional services. 
These include a much reduced user pool, but also much 
more demanding requirements in terms of reliability, 
availability, prioritisation, delay, Quality of Service, group 
communication and broadcasting.

Additionally, PMNO coverage over railway lines is not 
always adequate to provide for a continuous service 
to railway users. This is especially relevant in fringe 
areas, where public users of a network might be 
sparse, or short tunnels, where it might not be deemed 
commercially viable to install additional leaky coax  or 
directional antennas.

As a corollary, and depending on the criticality of a given 
Mission-critical Voice service and on the budget available 
to each specific organisation, a private LTE network, 
optimised for railway operational requirements, may 
be an option preferable to trying to deliver the same 
services over a carrier network without the required 
service guarantees.

5.2 Mission-Critical LTE Network Components
User Equipment:

 > VhR 

Vehicle Radios can be installed in road vehicles 
used by railway staff.

 > CR 

Cab Radios are the train mounted radio modems 
that act as the interface to the LTE network for on 
board train systems.

 > DMI

The Driver Machine Interface provides a GUI 
for drivers to communicate, and may largely 
resemble its GSM-R or TETRA counterpart. The 
DMI may utilise a customisable touchscreen to 
provide drivers with a selection of frequently 
used text messages or calls (e.g. calls to Train 
Control or Depot Master).
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 > /OPH 

Handheld devices in mission-critical LTE systems 
come in two distinct types: General Purpose 
Handhelds (GPH), which largely resemble 
a mobile phone, and the highly ruggedized 
Operational Purpose Handhelds (OPH), which 
are designed for frontline users. Both devices are 
capable of groups and point to point calls, and 
may be capable of sending text messages, video, 
or other data, depending on the model of UE.

 > E-UTRAN 

The evolved UMTS Terrestrial Radio Access 
Network handles the air interface aspects of the 
LTE system, from the UE to the EPC.

 > RRU 

The Radio Remote Unit is the radio transceiver 
that transforms the information sent by the BBU 
via optic fibre into RF streams to be transmitted 
by the antenna system, and vice versa. The 
RRU is located in close proximity to the antenna 
system, as losses over the connecting wires can 
weaken the power of the system.

 > BBU

The Baseband Unit is responsible for 
communicating through the physical interface 
with the RRU, and may coordinate several RRUs 
(implementing cell handover). As the BBU can 
communicate via optical fibre, it can be located 
in equipment rooms, up to 20km from the tower.

 > Antenna System 

The antenna system is responsible for the RF 
transceiver functions of the E-UTRAN. Combined 
with the RRU and BBU, the Antenna system 
forms the evolved NodeB (eNodeB).

EPC - Unicast Delivery:

 > MME 

The Mobile Management Entity is responsible 
for ensuring the mobility of the UEs through 
the network, and establishes network sessions. 
It also tracks UEs throughout the network, and 
transmits signalling messages (e.g. security or 
data stream management issues) [6, 7].

 > HSS

The Home Subscriber Server handles the 
authentication of UEs. Combined with the PCRF, 
it is responsible for the handling of authenticated 
roaming UEs.

 > P-GW

The Packet Data Network Gateway (P-GW) acts 
as the interface point between the Evolved 
Packet Core and IP networks such as IMS, or the 
Internet. It allocates IP addresses, offers QOS 
support [7].

 > S-GW

The Serving Gateway routes and forwards 
packets from the eNodeB to one or more P-GWs. 
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The S-GW also serves as an anchor point for UEs 
during handover between eNodeBs [4, 5]. The 
MME and S-GW combine to perform functions 
analogous to the previous generation’s Serving 
GPRS Support Node (SGSN). By dividing the 
functions, LTE is capable of scaling according 
to growth in UEs (requiring more MMEs), data 
traffic (requiring more S-GWs) or both [7].

 > PCRF

The Policy & Charging Rules Function controls 
the QoS afforded to a UE, and in a commercial 
network is responsible for the monitoring and 
charging for data use by UEs. It also partners 
with the HSS in the authorisation of roaming UEs.

EPC - Multicast Delivery

In parallel to the EPC logical functions that allow for 
data delivery in a Unicast (point-to-point mode), a 
Multicast Delivery (multipoint-to-multipoint or point-
to-multipoint) path has also been represented in the 
diagram. Beyond the HSS and MME elements that are 
shared or equivalent to their Unicast counterparts, 
the following elements have been included:

 > MCE

The Multi-Cell/Multicast Coordination Entity 
allocates radio resources (frequency, time, 
modulation and coding scheme) that are used 
by all the E-UTRAN base stations involved in a 
Multicast transmission. In that way, a single set of 
radio resources per cell can be set up for all UEs 
involved in a Multicast transmission to share.

 > MBMS GW

The Multimedia Broadcast Multicast System 
Gateway (MBMS GW) is the logical entity that 
forwards multicast packets to and from the 
relevant E-UTRAN base stations.

 > BMSC

The Broadcast/Multicast Service Centre controls 
broadcast/multicast group membership, session 
establishment, service announcement, security 
and content synchronization. It is therefore the 
heart of the LTE Multicast Delivery mechanism.

MCV
The Mission-Critical Voice subsystem covers the fixed 
(as opposed to mobile) elements that complete the 
MCPTT function, such as:

 > GCS AS

The Group Call Service Application Server (GCS 
AS) is the central entity that controls the MCPTT 
application laid on top of the LTE bearer service. 
In order to deliver true VoLTE (as opposed to 
OTT VoIP), the GCS AS needs to be capable of 
interfacing the LTE control functions of both the 
Unicast and Multicast delivery branches.

 > FTS

Fixed Telecommunications Subsystem (FTS) 
is one of the traditional names for the voice 
dispatcher system used by non-mobile MCPTT 
users, such as signallers/train controllers.

 > VR

The Voice Recorder (VR) function needs to 
interface the GCS AS and PABX functions in order 
to record all voice communications.

 > PABX

In many cases, a PABX can be integrated into the 
MCPTT system to provide connectivity to internal 
desktop telephones.

 
6. RAILWAY LTE REFERENCES

6.1 Valenciennes
Alstom and Huawei signed a MOU in 2014 to develop a 
CBTC over LTE system at Alstom’s test track facility in 
Valenciennes, France, integrating Urbalis (Alstom) and 
eLTE (Huawei) [9]. This test has proven to be a success, 
with further robustness tests continuing into 2015.

6.2 China
The Shuohuang Heavy Railway was the first heavy 
railway to utilise a LTE based system for train control 
and communications. The system is used to synchronise 
multiple locomotives connected in longer coal trains, 
and transmit dispatching information and surveillance 
video [10].

The Zhengzhou Metro is the world’s first metro to use 
LTE in revenue service. The service carries passenger 
information services and CCTV data, with plans to 
expand to carry train control data [11, 12].

6.3 Western Australia
The Public Transport Authority of Western Australia 
currently uses an analogue voice radio system for 
communication to drivers, security and maintenance 
personnel. The PTA plans to replace this system with 
a LTE based network by 2020. This system is also 
being designed to carry data traffic for a planned future 
Automatic Train Control system.

Railway operators around Australia currently hold 
licenses to 2x15MHz of spectrum in the 1800MHz, 
initially purchased after the liquidation of One.Tel in the 
late 1990s/early 2000s. Although initially purchased with 
GSM-R in mind, this band is suitable for LTE deployment. 
2x15MHz provides ample bandwidth to carry both 
mission-critical voice and data traffic for modern urban 
railways. Using this 2x15MHz, the PTA will be able to 
implement a network with sufficient redundancy to 
ensure high levels of reliability and availability.
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