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I. Executive Overview
The introduction of LTE (long-term evolution), 4G (LTE), and the promised 
5G (mixed technologies) mobile networks has created much discussion 
around the possibilities of these technologies in the industrial wireless 
networking sector, and particularly in mining. Early adopters have had 
success in some areas, with challenges in others. Users have envisioned 
utilizing LTE networks with promises of increased predictability, connectivity, 
capacity, and speed as well as improved wireless roaming capability over 
some of the existing technologies used in these environments today. 

3D-P is committed to providing best of breed wireless networks in mining 
and industrial environments, and is constantly testing and developing for 
future wireless improvements. LTE networks are no exception. 3D-P provides 
4G, and emerging 5G capable infrastructure and client products in our 
portfolio, with our oldest LTE deployments reaching back to 2013. 

As with any new technology, there are strengths and weaknesses to LTE. 
As a wireless technology partner, 3D-P helps our customers understand the 
strengths and weaknesses of 
available technologies from four 
domains; Business fit, Technical 
fit, Cost and Supportability. 
We invest significant time and 
effort into testing the available 
technologies to determine when 
each is the best fit for a particular 
use case, as well as developing 
the best practice methodologies 
to ensure successful deployment, 
performance, and life of 
those technologies in these 
environments. Finding the best 
technology for each application 
and when required, the best 
integration of that technology 
and others to deliver the  required 
performance. 

The technology, architecture 
and protocols used for LTE are 

http://3d-p.com/


LTE in the Mining Environment  |  Page 4

significantly different from 802.11 based networks that are deployed currently 
at many mine sites. The excitement and hype that comes along with any new 
technology deployment in the consumer world must be understood, and in 
many cases seen through, as individual technology quirks are presented. It is 
important to remember there is no magic and a one-size-fits-all solution isn’t 
available. 

New technology and old still have the same constraints according to the laws 
of physics. There are also the practical considerations when deploying at a 
mine site. Early LTE deployments enforced our understanding of these laws. 
The lessons learned from early LTE adopters has assisted 3D-P in continuing 
to design and deploy best of breed LTE solutions even as this technology 
matures and evolves through its next release generations.

This document discusses some of the technological challenges presented 
by LTE, as well as the deployment practices and the 3D-P tools that 
are available, making it possible to achieve the promised predictability, 
connectivity, capacity and speed of mobile networks in outdoor industrial 
and mining environments.

II. Private LTE for Industrial Use Today
There are many wireless manufacturers, including Nokia, Motorola, and 
Redline, who have developed LTE hardware that is built-for-purpose for 
industrial environments. These solutions include both the network core, 
backhaul, and the wireless infrastructure. Additionally, these solutions 
have come down significantly in price, to the point that today they can be 
discussed in the same breath as traditional Wi-Fi infrastructure in terms of 
cost. LTE promises scheduled access to air, rather than contention based 
access, providing significant advantage of Wi-Fi in open pit environments 
and depending on the spectrum utilized, LTE can provide significant 
transmitted power increases and received signal strength capability over 
Wi-Fi, adding distance to communication. Additional benefits arise in the 
deployment of these locally-based packet cores as switching and routing 
remain local to the mine, significantly decreasing latency and jitter. These 
facts allow deployment of multiple towers at a mine, solving many of the 
early challenges of high cost infrastructure, and packet cores far away from 
the mine. 

In some instances, mines have been able to deploy fully private LTE networks. 
In others the networks work in conjunction with the carriers network, even 
sharing capability for end user devices such as cell phones, and managing 
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roaming, billing, etc. 

Additional challenges have remained. However, 3D-P has solutions for even 
those challenges today.

III. Availability of Spectrum
LTE works in licensed spectrums. This is one of the driving factors to the 
excitement around LTE. The use of licensed channels and the Media Access 
methodologies used by LTE provide significant levels of predictability, 
including client profile management of parameters such as committed 
information rates and Quality of Service (QoS) capabilities. The challenge 
comes in obtaining the spectrum to run an LTE network. 

In remote regions of Australia, it is possible to acquire private LTE spectrum 
licenses to operate. However, in North America particularly, all spectrum set 
aside for LTE has been owned by the LTE service providers. Over the last 
few years the only solution for miners in North America has been working 
with the carriers to obtain the rights to run a network on their frequencies 
or utilizing the same consumer network that to provide connectivity to 
the mine. Obtaining those leases for the former solution has been nearly 
impossible, while the latter solution leaves poor coverage and high usage 
costs. As of the writing of this document, the CBRS spectrum (band 48) 
has become available for private LTE usage in the US, and is expected to be 
available for usage in Canada, through requests of the governing agencies. 
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This exciting development makes LTE for mining in North America one 
step closer to reality. Band 48 is a relatively high frequency band (3550 to 
3700Mhz). As such, propagation around vehicles and terrain is a challenge. 
3D-P has a unique and exciting solution that overcomes this challenge, 
discussed later in this document. 

IV. High Cost Infrastructure
When compared to traditional 802.11 infrastructure, the costs of LTE 
infrastructure has been daunting. However, since around 2012 many of the 
traditional and non-traditional Cellular technology vendors have developed 
and released a variety of rapid deployment and enterprise level infrastructure 
solutions that have significantly reduced the barrier to entry costs associated 
with deploying a private LTE network. 

3D-P has developed a Network as a Service (NaaS) model that delivers LTE 
infrastructure at costs comparable (and in many cases lower) than traditional 
Wi-Fi only networks. 

V. Coverage at the Working Face
Of key significance to any open pit operation using wireless networks to 
support the mobile mining applications, coverage in and around the shovels 
has always been a challenge. And while base station (eNodeB) powers 
are significantly higher and receiver sensitivities much greater in cellular 
technologies, Terrain can provide a major obstacle to coverage in many 
cases, particularly in drop cuts and other tightly confined areas. Shovels and 
draglines themselves are also often a major cause of blind spots for haul 
trucks, dozers, and other equipment working near this equipment as they can 
significantly attenuate and block RF signals by obstruction.

One solution to overcoming this challenge is in standing up additional cells 
around these areas to overcome blind spot issues. However, management 
of in-pit infrastructure presents its own challenges in frequent trailer moves, 
etc. that are not often acceptable, particularly when moving a cellular base 
station that requires precision in placement, reporting to governing agencies 
and aligning of backhaul.

In traditional 802.11 mining network deployments, either a meshing solution, 
or a hotspot on the shovel or dragline itself is often deployed in order to 
solve these coverage challenges. Meshing capabilities don’t exist in LTE 
protocols, preventing this solution. 
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Deploying a hybrid LTE and Wi-Fi network architecture can provide a similar 
outcome at a lower cost for an LTE deployment. In one possible hybrid 
network solution, a Wi-Fi hotspot on the shovel would utilize LTE as backhaul 
in order to provide coverage for equipment working in and around the 
shovel. This solution results in another challenge for the client devices on the 
trucks. They will need to rapidly roam between the Wi-Fi and LTE networks in 
order to prevent outages to applications. In a mobile environment, outages of 
even a few milliseconds are often not acceptable. Managing these roams in a 
bench environment, at millisecond rates is possible, however the complexities 
of mobility and unpredictable blockages of signals creates a significant 
challenge for  

these solutions. 

3D-P has developed a hybrid solution that utilizes a Rajant® InstaMesh 
node in each client endpoint, along with the LTE modem. The LTE modem 
participates in the Mesh in this scenario. As part of the mesh, traffic can 
utilize the LTE link whenever it is available, and has the lowest latency. 
However, when the LTE link is lost, such as around a shovel, or blocked by 
terrain, traffic is able to utilize another of the available InstaMesh radios 
in the endpoint, being routed through the shovel, or another nearby truck 
to utilize that device’s LTE link as backhaul. InstaMesh routing happens 
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instantaneously, on a packet by packet basis, so roaming between the two 
technologies becomes a non-event, with traffic from switching from one 
modem to the other in far less than a millisecond. 

This solution also enables load sharing capabilities, allowing network 
operators to deploy Rajant infrastructure at critical locations, offloading 
traffic through those hotspots, rather than utilizing the LTE in that area. 
Similar to utilizing Wi-Fi on our cell phones when at a hotel, or coffee shop, 
rather than LTE for downloading of high bandwidth video, etc. this solution 
allows the right technology to be used for the right job, and at the right 
time/place. There are several other very significant advantages to a hybrid 
network, which are discussed in later sections of this document.

VI. Asymmetrical Throughput
Traditionally, the use case for LTE technology has been for consumer 
consumption of media where users typically pull more data from the 
network, as compared to most mining applications that have the client 
pushing data to the network. For example, cell phone users who are browsing 
the web, or using social media applications consume much more data than 
they push to the network. Additionally, the streaming media application 
is not typically in real time. Data is buffered during periods when the 
handset has access to high-speed connection, preventing delays when the 
device connection is weak. This isn’t possible in the case of true real-time 
application requirements. 

Asymmetrical throughput is designed into these mobile networks, as the 
majority use-case has demanded. For example, cellular base stations utilize 
massive MIMO, some having up to 64 distinct antennas along with their 
four transmit streams. However, all industrial client cards available on the 
market today contain only a single transmit stream and transmit antenna 
port. In other words, MIMO is available for downstream communication, but 
upstream is only SISO. The assymetrical throughput of 4G/5G networks is 
designed into the solution in order to give the maximum performance to the 
predominant use-case. 

Beyond this basic design function, it is often much easier for the typical cell 
phone to “hear” the transmissions from the high-power cell tower, than for 
the transmission from the much weaker radio and antenna in the cell phone 
to reach the tower. The greater receive sensitivity of the cellular technologies 
does compensate for this challenge to some degree, however there is still a 
reduction in throughput due to the lower modulation rate imposed on the 
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clients uplink. 

Additionally, in consumer (Public Telco) networks, the asymmetrical LTE 
solution provides some protection for LTE networks as the density of LTE 
clients can grow very high, in which case the lower power transmitters 
on user devices helps ensure frequency re-use of nearby cells is possible. 
Accordingly, asymmetrical throughput is a design feature of LTE. It is 
possible to configure the base station radio in a private network to prioritize 
upstream data, however, the potential upload capability will never be as high 
as the potential download capability. Unfortunately for mining users, this is 
the opposite data profile for mining applications, which typically push much 
more data than they pull. 

The result is a network which has limited client uplink throughput capability, 
when compared to the high-throughput capable 802.11n networks of 
today. Solving this challenge is again handled through the use of additional 
technologies in conjunction with the LTE solution. Both a layered and hybrid 
network may be utilized to solve these problems. 

As described above, a hybrid network allows the clients to utilize either the 
LTE or Wi-Fi to transmit its traffic, with the ultimate hybrid solution being the 
InstaMesh solution that sends traffic over the best link any time, and doesn’t 
require any Wi-Fi infrastructure in order to provide the extended coverage 
capability it provides.

The layered solution comes into play in several key data locations. 

• In-pit Wi-Fi hotspots can be utilized to offload data in high traffic areas, 
drastically increasing the throughput capability of the overall solution. 

• The Distribution Layer can also be utilized to connect cameras, buildings, 
and other locations that do not have the same mobility requirement as 
the typical LTE client, again removing that traffic from the asymmetrical 
LTE links. 

• Finally, these additional network layers may be utilized to connect remote 
cell towers, or eNodeB’s that might be deployed on solar trailers around 
the network, back to the packet core, further augmenting the coverage of 
the LTE network itself.
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VII. L3 Connection
One of the biggest challenges with LTE in a mining environment is the 
requirement of many mining applications to communicate over a Layer 2 (L2) 
connection, while LTE is a Layer 3 (L3) technology. 

In simple terms, many mining applications utilize network protocols that 
require the mobile client and the application server to be attached or 
communicating within the same network, however when connected to an 
LTE network their traffic is routed outside the network (L3) which breaks the 
traffic flow and therefore requires another layer of complexity to solve the 
problem. 

There are several solutions to this, which typically include creating some 
type of tunnel which encapsulates the applications traffic and delivers it via 
the L3 network to the server’s network, in a manner that both the server 
and the application did not need to participate in. Setting up these tunnels 
requires some level of computing capability on both sides of the link. This 
is often trivial on the office server side, but often not the case onboard the 
equipment. An edge computing device of some sort is required behind the 
LTE modem in order to create and manage the connection state of this 
tunnel. Additional trouble occurs as the tunnel typically requires some period 
of time to be re-established when the LTE connection is re-established. For 
example, if LTE connection is lost, and 45 seconds is required prior to re-
establishing that link, an additional period of time will be required prior to 
establishment of the L2 tunnel over the link. All this time results in loss of 
connectivity to the mobile client. The challenge is aggravated when a hybrid 
solution is deployed, that requires roaming between the LTE network and 
a Wi-Fi network. A level of edge computing is required to maintain the L2 
connection while these technology and network changes are occurring. 

The 3D-P/InstaMesh hybrid solution successfully solves this challenge as well. 
The 3D-P hybrid solution creates a L2 tunnel over the LTE link and manages 
that connection. The local network available over the InstaMesh radios, and 
the network available over the tunnel are the same network. When the LTE 
link is lost, the client works to re-establish that connection, while traffic is 
routed over one of the InstaMesh radios to another network client where the 
traffic is then sent over its connected LTE radio, or the traffic may be sent 
to an available local network connected infrastructure device. When LTE 
connectivity and the tunnel is re-established, traffic can be sent over that link 
again, with no disruption to connectivity. 
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VIII. Major Carrier Direct LTE Connection
In some cases, particularly smaller mines and quarries, utilizing an LTE client 
such as the 3D-P hybrid solution can provide a working network solution, 
without the expense of full network infrastructure deployment. This can be 
the situation for a customer who does not have a truly real-time application, 
or whose fleet size is small enough that the data access charges and lack of 
network control are not of concern, or a customer who wishes to utilize the 
LTE network in-pit connectivity of cell phones and tablets for supervisors, 
etc. 

For these customers, the hybrid solution can also be very intriguing, as it can 
provide them connectivity and throughput in areas that may not be covered 
by the major carriers existing cellular network.

IX. Emerging Technologies 5G abd 802.11ax
The rate of change with all of the new and emerging wireless technologies is 
becoming shorter and shorter, and one of the greatest concerns for clients 
is understanding the differences between one technology and another and 
the relevance or applicability to their requirements and how to make sure the 
choices they make will ensure compatibility with future technology roadmaps 
and that new emerging technologies will provide backward compatibility 
also.

The new 5G and 802.11ax standards propose some striking performance 
capabilities for the consumer market but what about the industrial (OT) 
environment? Where do these fit and how do we get there? 
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First of all, as a rule of thumb, regardless of the technology, compared to the 
release of consumer level appliances (smart phones, tablets and modems 
etc), there is typically at least a couple of mining years lag in availability of 
relevant Industrial grade devices that will support the latest communications 
technology standards. This is due to a number of constraints often driven, 
firstly by consumer demand and then the time it takes for vendors to 
produce higher quality products that offer extended environmental operating 
parameters (IP ratings, shock and vibration, temperature, power, etc).

There is also a practical element to the implementation of technologies that 
is extremely important to consider when it comes to not just the mining 
sector, but other heavy industry verticals also. An example of this is antennae 
design, installation, reliability and maintenance. 

In the early 2000’s a haul truck may have been fitted with a single antenna, 
at best two, for an 802.11b Wi-Fi connection, then post 2010 with the 
emergence of multiband MIMO radio solutions we see a minimum of two, 
typically four and in some cases five or six antennae on a truck in order 
to maximize throughput and connectivity. In consumer appliances (such 
as smart phones and modems), the new multiband radio technologies 
(supporting antennae packages) are able to be constructed in much smaller 
and integrated form factors, whereas the requirements for the mobile mining 
application call for externalized and highly robust antennae design and 
mounting driven by higher powered radio equipment that drives separate 
antennae for each band to enable supportability of the solutions.

The main crux of this part of the conversation is less about the standards 
themselves but really to shine a light on the fact that there is an abundance 
of hype from every vendor about support for the latest standard and what 
products they have, but there is very little intelligence around an actual 
working solution that is relevant to the mining applications needing to be 
served.

At 3D-P, we have a dedicated proving ground and test facilities where 
we continually test vendor technologies including our own product 
developments to firstly qualify relevance, compatibility, robustness/
survivability and then if they can be utilized to form a workable and 
sustainable solution for our customers. After that, we then create best 
practices around the technologies and solutions with documentation and 
support training before release to market.
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X. Conclusion
LTE does provide significant advantages to outdoor industrial mobile networks, 
however the challenges associated with leveraging this technology aren’t trivial. 
Particularly with recent advances in spectrum for North America, the cost of LTE 
infrastructure, and in the 3D-P hybrid LTE/InstaMesh solution can help accelerate 
the adoption of LTE in outdoor industrial networks. Proper design, deployment and 
utilization best practices are critical in order to fully realize the promised predictability, 
capacity, connectivity and speed of this technology. 

3D-P has the products and expertise to not only help our customers determine which 
solutions are right for them, but the proper design, deployment and utilization best 
practices that enable our customers to maximize their utilization and performance of 
their chosen network solution.
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