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1. INTRODUCTION

Today’s modern mine increasingly relies on the use 
of technology to deliver the safety and productivity 
expected.  The use cases span multiple aspects 
of operations from safety systems such as slope 
stability radar, to information systems like fleet 
management systems and IoT to remote operations 
and autonomous vehicles (haul and drill).  Enabling 
all of these applications is the communications 
technology that underlies them and, in particular, 
mobile communications.

 
By their very nature, the mining equipment that 
requires broadband communications is mostly 
mobile. Consequently, the obvious solution to 
providing access is wireless technology. The 
solutions can take a number of forms and the right 
one is heavily dependent on the requirements 
of the business and its specific use cases. 
 
In this paper, we explore the most prevalent solutions 
being deployed in the mining industry today.

2. LTE

Readers would be familiar with mobile telephone 
networks provided by telecommunications carriers.  
The very same technology is becoming ever more 
popular with surface miners as a solution to its 
broadband wireless requirements. LTE(4G) cellular 
networks can provide high bandwidth data and 
voice mobility services over lower frequency bands 
resulting in better coverage, less infrastructure 
and granular control of quality of service (QoS). 
Because an LTE network provides a high capacity, 
QoS enabled and highly available network, it opens 
up a suite of new capabilities and possibilities to cost 
effectively enable automation and remote operation 
technologies for surface mines. 

 
Whilst the technology used to deliver enterprise LTE 
(eLTE) is the same as that used by mobile telephone 
carriers, the applications, requirements and design 
of the networks are vastly different. Generally, 
carrier mobile networks are ill-suited to provide 
the communications services required for surface 
mining use cases. This is due to carrier networks 
being designed for a high density of devices 
(mobile phones) per cell that, statistically, do not 
communicate very often and require most of 

their bandwidth in the downlink and much less in 
the uplink.  Traffic is mostly internet browsing or 
similar and service interruptions are an annoyance 
with minor, if any, repercussions. 

 
Mining use cases are the polar opposite; relatively 
low density of devices per cell, transmitting often 
and regularly, uplink traffic equal to or perhaps 
slightly exceeding downlink traffic and the impact 
of service interruptions resulting in operational 
shutdowns costing millions of dollars.

 
Infrastructure-wise, eLTE networks consist of an 
“evolved packet core” (EPC), eNodeBs (macro and 
micro cells), user equipment (UE) and backhaul 
transmission (typically PtP/PtMP microwave or 
optic fibre).  Macro cells often have transmit power 
of up to 60W per sector and are mounted on towers 
or semi-mobile skids.  Micro cells are typically 
mounted on trailers to provide infill coverage. 
These are relatively easy to move to accommodate 
the changing mine topology or for special purpose 
short term applications. The LTE network can be 
used to provide its own backhaul however, usually, 
microwave radio or optic fibre is used in order to 
preserve the precious licensed spectrum for device 
access bandwidth.

Advantages of enterprise LTE:

 > Low latency to support critical system, voice, 
video and autonomy;

 > Licensed frequencies used (can use unlicensed 
bands – LTE-U), effectively eliminating the risk 
of network interference and intrusion;

 > Permitted to use much higher power transmitters 
free of the restrictions of the unlicensed bands 
resulting in better coverage and less mobile 
infrastructure (trailers);

 > Greater spectral efficiency resulting in higher 
data rates per MHz of RF bandwidth;

 > Designed for seamless mobility – little to no 
service interruption during hand off between 
cells;

 > High reliability and availability to support critical 
systems; and

 > The ability to converge voice and data 
communications while maintaining traffic 
separation, QoS and critical voice requirements 
(MCPTT).
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eLTE is more complex to design and deploy compared 
to WiFi solutions. Additionally, individual hardware 
and software components are more expensive. 
Generally, this is offset by needing less equipment to 
achieve the required coverage and performance due 
to the higher power and greater spectral efficiency 
of the equipment. 

 
An often overlooked facet of eLTE is the versatility of 
some of the antennae available. Remote electronic 
tilt control is available giving operators the ability 
to adjust coverage or power density on a per sector 
basis to meet changing or short-term coverage or 
bandwidth requirements. This is achieved by tilting 
antennae down to provide better coverage under the 
tower or up to extend coverage further away.

 
3. WIFI MESH
A wireless mesh network (WMN) is technology based 
on the 802.11 family of standards. They are created 
through the interconnection of wireless access points 
(WAPs) installed in fixed locations or on mobile 
platforms (typically trailers). Each network user (AP) 
is also a provider, forwarding data to the next node. 
The networking infrastructure is decentralised and 
simplified because each node need only transmit as 
far as the next node.

 
To form a mesh, WAPs have the option of using one 
of their onboard radios (2.4GHz or 5GHz) to provide 
the connection to the mesh network and the other 
for access.  Alternatively, a separate, dedicated P2P 
or P2MP microwave system can be employed to 
provide backhaul. In the latter case, care should be 
taken when using unlicensed systems to ensure the 
backhaul and access networks don’t interfere with 
each other.  This can usually be achieved with the 
use of well designed channel plans or directional 
antennae for backhaul systems.

 
Some of the benefits associated with a WiFi mesh 
network include:

 > Rapid, automatic formation of wireless networks;

 > Self-forming, self-healing and self-balancing; 
and

 > Lower infrastructure and operational costs per 
unit of equipment.

However, there can be drawbacks when using WiFi 
mesh including:

 > Compared to LTE, WiFi mesh WAPs:

• Provide smaller coverage area due to 
transmit power restrictions;

• Require more equipment to achieve the 
equivalent coverage and bandwidth; and

• Lack over the air QoS.

 > The bandwidth to a WAP in the mesh is effectively 
halved with each hop from the root WAP; 

 > Unlicensed frequencies mean susceptibility to 
interference;

 > Not designed for seamless mobility – handoff 
between WAPs can cause interruptions to 
service; and

 > No capacity for critical voice communications.

4. PROPRIETARY TECHNOLOGIES
LTE and WiFi are standards-based wireless 
technologies that, in theory, allow a mixture of vendor 
equipment. There are also proprietary wireless 
technologies that may provide some advantages.

 
The use of MPLS technology and seamless mobility 
(with make before break handover) may deliver 
performance superior to WiFi without achieving the 
equivalent of LTE, but at a WiFi price point. 

 
Vendor lock-in is one of the disadvantages of 
this approach, however, some of the additional 
advantages may be:

 > Akin to WiFi mesh, there is no requirement for 
licenses;

 > A distributed control plane;

 > Higher spectral efficiency than WiFi due to 
proprietary media access control scheme or 
higher modulation schemes; and

 > Better use of MIMO to increase throughput.

 
5. COMMON CONSIDERATIONS

When contemplating a broadband wireless solution 
for surface mining, there are some common 
components between all the solutions. 

Experience shows that at least 50% of project 
capital costs are associated with the balance of 
plant – independent power systems, trailers, towers, 
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skids, huts, cabinets, IP network equipment etc. 
The quantities of plant are highly dependent on 
the network design which flows from the system 
requirements. An example being the number of 
trailers required to provide the required bandwidth 
and coverage – typically (dependent on mine 
topology and terrain), LTE will require far fewer 
trailers than WiFi mesh for infill coverage.  This 
aspect alone saves on balance of plant resulting in 
similar total cost.

 
Operational considerations can also contribute to 
total cost of ownership.  Less trailers in a network 
will require fewer equipment movements when 
blasting which can result in material cost savings – 
this is a benefit of LTE. However, WiFi equipment is 
usually more familiar to, and better understood by 
enterprise network engineers meaning less training 
than the specialised LTE equipment and architecture.

 
CONCLUSION
In summing up, surface miners have a range of 
technology solutions at their disposal for providing 
mobile broadband. These solutions are now 
mainstream having been deployed and tested in 
numerous use cases.

As with all engineering solutions, the design is 
highly dependent on the requirements flowing from 
the use cases and the budget of the organisation. 
Time spent gathering and carefully considering 
requirements will increase the likelihood of the 
correct technical solution being chosen for the 
mine’s operations. Whether that be a mixture of a 
stand-alone voice mobile radio system with WiFi or 
a converged LTE network supporting critical voice 
and data, the solution must cater for the operational 
needs of the organisation.
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