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1. INTRODUCTION
The mining industry has been embracing innovative 
technologies as they strive to increase both 
production base and efficiency in tough economic 
markets. Many are turning to automation and remote 
operation technologies throughout their businesses 
such as, driverless trains and haul trucks, remotely 
operated plant, train loading and mine control. 
Others are turning to asset health technologies 
and condition monitoring over regular preventative 
maintenance to reduce costs.

As these technologies are rolled out, the last mile 
wireless network that supports them has become 
a critical component of mine infrastructure. LTE 
offers a technology solution that is licensed, 
reliable, scalable and that can handle not only these 
automation and asset health applications, but also 
most of the existing legacy applications on a mining 
site such as push to talk voice, industrial control and 
telemetry. LTE vendors have evolved their product 
line-up to support enterprise scale solutions for the 

industrial and mining sectors. This White Paper gives 
an overview of current LTE technology advancements 

and investigates what challenges are presented to 
the deployment of LTE in a mining setting.

2. ADVANTAGES OF ENTERPRISE LTE
In the carrier world, the advantages of LTE are well 
known, and it is the current technology of choice for 

the rollout of high capacity, low latency networks. 
LTE is an evolving technology, with release 15 of the 
standard laying the foundation for the 5G networks of 

the future. For enterprise scale systems, used in the 
industrial or mining sector, the following advantages 
can be expected from an on-site enterprise scale LTE 
network:
1. Low latency to support critical systems, voice 

and video.

2. Spectral efficiency, giving high capacity even 
with 5 or 10 MHz channels.

3. Designed for seamless mobility.
4. Licensed frequencies used, significantly reducing 

the risk of network interference or intrusion.
5. The ability to converge multiple existing 

networks while maintaining traffic separation 
and QoS. 

6. Scales well from a single site up to hundreds of 
base stations.

7. Supports both low power and high power radios 
which can cover from small indoor areas to over 
100km2 in good terrain.

8. Has high reliability and availability to support 
your critical systems.

3. COMPONENTS OF LTE
LTE is broken down into a number of fundamental 
logical building blocks which provide the various 
functionalities required of the network. The following 
blocks are essential:

 → UE – The user equipment (modem) which 
provides mobile connectivity.

 → eUTRAN – The radio access component (base 
station) allowing UE access the network.

 → MME – The mobility agent that facilitates initial 
authorisation onto the network, sets up the 
default bearer for a UE and controls handover 
between base stations.

 → S-Gateway – The agent responsible for anchoring 
the end user devices mobility solution within the 
network.

 → P-Gateway – The agent responsible for providing 
the SGi (APN) interface from the LTE network to 
outside networks.

 → HSS – The database which holds the subscriber 
authentication information.
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WHY LTE? WHEN PROPERLY DESIGNED AND MAINTAINED, AN LTE 
NETWORK OFFERS BETTER COVERAGE, CAPACITY AND CAPABILITY 
THAN PREVIOUS INDUSTRIAL WIRELESS NETWORKS.



Extra functionality can be added to these blocks such 
as voice, dynamic QoS, multimedia broadcast, push 
to talk, billing, location services etc. While these are 
not required, they may be useful for replacing legacy 
systems or for providing new functionalities desired 
by industry.

4. SCALE
The LTE components are considered logical or 
functional blocks, not physical blocks. Most vendors 
have multiple options for implementing these 
blocks and have evolved their product offerings to 
scale from small single chassis systems that may 
support 10 base stations and 1000 users to multi 
rack systems which support tens of thousands of 
base stations and millions of users. Some vendors 
have a separate range of equipment that is designed 
specifically for enterprise scale systems.

LTE offers some distinct RF advantages over 
other wireless technologies that have traditionally 
been implemented in a mining setting. Since the 
frequencies used are licensed, the hard work of 
coordinating frequencies and determining potential 
interferers is done up front and the maximum 
allowed EIRP (which is a major factor in determining 
range) is much greater than those allowed for class 
licensed technologies such as 802.11 (WiFi).

There is a wide variety of base station types available 
on the market for LTE ranging from 120W RF power 
macro systems down to 100 mW pico-cells. Most of 
these base stations allow for the freedom to choose 
between a single omni-directional antenna through 
to highly sectorised high gain antenna arrangements 
above ground and the option for distributed antennas 

or leaky feeder systems for use underground or in-
building.

Choice of vendor and determining the correct scale 
of equipment both at the core and radio access 
network level is very important to the initial capital 
costs and the future capabilities of the network; this 
choice must be made with a good understanding of 

the applications to be supported and the number of 
network users, both initially and over time.

5. RF PLANNING
Mining has the unique challenge of continuously 
changing ground topology that is not present in 
almost all other networks. Having adequate GIS 
information and regular updates from the mine 
planners is vital to good RF planning for the network. 
An understanding of propagation within the mine 
environment is also essential.

Due to the use of licensed frequency spectrum 
there is a requirement to apply for licenses to 
operate the network, which must be coordinated 
with the Australian Communications and Media 
Agency (ACMA) or the local RF regulatory body in 
the country of deployment. There may also be a 
requirement for base stations to be mobile, which 
adds an extra level of complexity to network planning 
and license approval. Often spectrum has not been 
allocated specifically for industry within bands that 
are desirable for use. Negotiation with the spectrum 
regulator and coordination of licenses is often the 
first and most difficult hurdle to be overcome in the 
RF planning process.

Unless the propagation characteristics are well 
known for the frequencies allocated and the ground 
types for the area to be covered, a very conservative 
approach should be taken for the initial sites link 
budget and model choice. The link budget and model 
should be verified and updated after the first site 
RF survey is performed and this should form the 

baseline for ongoing RF planning.

The ability to provide temporary coverage for areas 
that are rapidly changing should be high on the list 
of considerations, options include:

 → RF Repeaters

 → Small Cells / Pico Cells

 → Local WiFi rebroadcast with InterRAT (Inter-
Technology - Radio Access Technology)

 → Hybrid networks using standard WiFi with LTE
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5. CAPACITY AND COVERAGE
LTE provides superior coverage and throughput 
compared to most other mobile RF technologies 
currently used in a mining setting; however, 
throughput and coverage in an LTE network are 
related. If low throughput is required and there 
are relatively few clients, a single site may have 
a coverage radius of 15km or more (depending on 
allocated channel frequency, bandwidth and terrain 
limitations). 

If there is a large number of clients within a cell, or 
those clients require continuously high throughput 
(such as streaming video) then the cell size can 
shrink significantly – this effect is known as cell 
breathing. 

This effect must be taken into account when 
designing the network as too much overlap will 
cause dominance issues leading to poor signal to 
noise ratios and conversely, too little overlap may 
cause coverage holes to appear and disappear 
within the network as traffic load changes. 

The figure below shows relative coverage of a single 
base station ignoring the effects of interference for 
WiFi (shown in green), LTE small cell (shown in 
orange) and LTE macro (shown in red). The coverage 
has been simulated using typical base station and 
client device parameters such as RF power outputs 
and antenna gains and uses the 1.8 GHz band for 
LTE and 2.4GHz for WiFi. The same propagation 
model has been used for each system for simplicity 
of comparison. Each grey radial is 1km in distance.
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Figure 1 - Coverage comparison between WiFi, LTE Small Cell and LTE Macro Sites



6. APPLICATIONS
Proper RF design is driven by both coverage and 
capacity, which means that the distribution of clients 
over the area to be covered and their traffic profile 
over time are both important factors for designing the 
network. Accurately mapping traffic requirements 
requires a deep knowledge of the applications that 
are to be deployed on the network, the number of 
clients using each application and their average 
density (and mobility) within the mine.

This information is often the most difficult to obtain 
and many assumptions may have to be made during 
the application discovery phase which may impact 
the final design. Some applications may also make 
use of multicast / broadcast traffic or other layer 2 
protocols which cannot be transferred directly over 
an LTE network and will require an overlay network 
to be designed to support these requirements. An 
overlay solution adds additional complexity which 
must be considered such as reconnection and 
convergence times, vendor interoperability and 
choosing of UE / head end devices which support 
the correct protocols.

To minimise future outlay, the application discovery 
phase should take into account future application 
requirements where possible and how these may 
affect the scale of the network. Allowing for extra 
capacity at the outset and/or purchasing equipment 
which can scale to the required future state may 
allow initial outlay to remain reasonable while 
providing an upgrade path with minimal future cost.

7. CONVERGENCE, SECURITY, QoS
LTE networks generally have the capacity and ability 
to provide a number of side-by-side virtual networks 
called APNs (similar to VLANs or VRFs). Each APN 
is a separated network which segregates traffic 
from other APNs and comes with a separate set of 
QoS parameters. Applications can be given different 
priorities both within an APN and priorities can be 
provisioned between APNs. User traffic and network 
control traffic can be optionally encrypted in an LTE 
network if this level of security is required.

Depending on capacity, coverage, security and 
business requirements, an enterprise LTE network 

may allow multiple networks on site to be combined 
and allow one or even multiple companies to 
leverage a single set of infrastructure for all of 
their applications rather than standing up multiple 
physical networks. This can be especially useful 
where miners have shared infrastructure such as 
ports or rail lines/facilities.

8. CONCLUSION
As industry and mining embrace new, advanced 
technology and wireless networks become a critical 
system to supporting the business value chain, the 
technology used for wireless connectivity must 
be put under the spotlight. LTE’s carrier network 
roots give it the reliability, availability and security 
required to support industry needs, and vendors 
have responded to market demand by providing 
enterprise scale solutions which fit the business 
needs of the industrial and mining sectors. 

Designing LTE networks is not as straightforward 
as previous generations of industrial wireless 
technology, yet LTE offers more advantages in 
coverage, capacity and capability over those previous 
networks. When properly designed and maintained, 
an LTE network can be very cost effective, supporting 
multiple applications simultaneously, with higher 
availability and more stability than previous 
generations of network. This translates into more 
uptime for your production applications and less 
adds, moves and changes on your wireless network, 
reducing total cost of ownership.

This white paper was originally released in September, 2013 
and has been updated to reflect current insights.
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