
   When planning a
radio communications
network, two key 
challenges facing net-
work planners are 
ensuring coverage and 
capacity and reducing 
network complexity.
These are issues that
impact both the quality
of the radio communication network and the total cost of ownership (TCO). 
In this article, DAMM Cellular Systems Inc. CEO Dave Thuringer examines
these challenges and looks at specific ways to overcome these challenges. 

What issues prove most challenging to owners and operators of
today’s LMR/SMR networks?
   Acquiring spectrum. Acquisition of spectrum is a key challenge. In
some jurisdictions, accessing sufficient frequencies can be difficult, while 
in others, the cost of frequencies can drive decision-making. In both 
instances, this can lead to limited options for delivering a functional, 
available network.
   TCO. Optimizing costs can be a big challenge when it comes to spectrum
requirements. One not only needs to obtain licenses that are optimal to the
immediate network needs, consideration has to be given to the spectral
requirements as the network grows and scales. In addition, the availability 
of frequencies at a future date can never be guaranteed. 
   The density of the network also plays a huge role; low-density areas tend
to be more costly than  higher density areas, as frequency licenses that may
not serve many users must be paid for. Therefore, balancing the spectral
needs for coverage/capacity can have long-term implications for TCO.
   Availability and coverage. In critical communications networks, whether
serving a commercial or public need, high availability of network services is
imperative. This involves not only engineering the network for adequate 
coverage but also building into the design resiliency in the coverage by 
overlapping base station footprints and also employing a technology that
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loses network connectivity and/or how to engineer redundancy.
   Distributing network intelligence and services. Typically, communication
networks rely on a centralized subscriber/group database, which by 
design can be a potential single point of failure. This highlights two more 
considerations: how to distribute networkwide information to ensure all base
stations and gateways have the data available to users, and how to protect
against backbone transmission breaks, which are common failure sources.
   Anticipating capacity requirements to futureproof the investment.
Careful planning of current and future capacity requirements is essential to
create the most efficient cost-effective network possible, both now and in 
the future. When planning a network, it is therefore important to consider
scalability and how easy it will be to expand system resources. Another 
factor that needs to be taken into account is how the network will be able 
to interoperate with adjacent networks, including broadband/LTE, which 
increasingly will play a larger part in the radio communication networks of
the future.

How does DAMM address these challenges? 
   The DAMM MultiTech Outdoor BS422 base station was developed to 
address a lot of the challenges facing modern-day network designers and
operators. It has the unique ability to enable adjacent base stations to share
frequencies and create RF zones that are groups of synchronized coverage
areas.
   Fewer frequencies, same coverage and capacity. This provides a 
solution that addresses the problems of frequency scarcity and costs by 
allowing operators to configure base stations to share frequencies and des-
ignate BS422s as repeaters. 
   Full redundancy. In turn, the solution introduces redundancy to your 
network design on two levels: by radio cells overlapping sufficiently to cover
even if one base station fails and by enabling any of the repeater-configured
base stations to take over as master base station if the master base station
fails. Additionally, frequency sharing minimizes TCO as the system can be
kept running during maintenance as all information is replicated to all base
stations. 
   One type of hardware only. Consider an indoor coverage requirement.
Replacing optical or RF repeaters and associated DAS infrastructure with
base stations means instant benefit from a single type of hardware, with 
operational and maintenance spares and parts being reduced.
   Additionally, using the same type of hardware means there is only one 
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guarantees fast call-setup times and call priorities. 
   Furthermore, parts of the network may have special coverage needs such
as in-building, subterrain and in-tunnel settings, all of which challenge a 
network designer by increasing the complexity of the deliverables.
   Complex network management. Finally, networks are often very 
complex, and network elements are quite costly. When designing business-
critical radio networks, it is not uncommon to rely on a number of systems to
achieve a result. Consider optical distributed antenna systems (DAS) and
network monitoring elements. Today, having two or three stand-alone 
systems integrated to meet requirements invariably drives up the complexity
and leads to increased operational expenses relating to training, installation,
management, monitoring and maintenance.

What considerations should be made when designing an 
LMR/SMR network? 
   User details. One of the first considerations is the number of users and
the location(s) of these users, as this will establish the density profile of the 
network and the topology specifics. Is the coverage area a wide, open space
with relatively few users; a highly populated environment with lots of structures
and a significant number of users that require indoor coverage; or is it a 
hybrid of both?
   Optimizing spectrum usage. For low-density networks characterized by
a coverage setting with few users, the main consideration will be the cost 
of frequencies needed to serve the number of users. Consider a linear 
application, such as a pipeline or a rail line. Here, coverage is paramount,
and capacity of the site is secondary, whereas the opposite would be 
paramount in a refinery or industrial plant setting. 
   Reducing network complexity. When transitioning from a macro net-
work to an indoor or tunnel setting, the issue facing network designers is 
selecting the least complex option that ensures sufficient signal strength
and capacity. In these scenarios, it easy to add complexity by using optical
and off-air repeater systems and DAS. This approach adds additional 
layers of network operations and management, which also translates into 
increased cost, so particular attention has to be paid to ways of reducing
these costs.
   Engineering for redundancy and availability. Critical communications
networks demand high availability and redundancy. These important 
elements have to be designed into the network architecture. It is important 
to consider how to ensure communications if a base station breaks down or
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railway/pipeline applications.
   n Coverage in limited geographical area for mining/industrial complexes.

   If you are operating within any of these setups, a frequency sharing 
solution is a simplified, cost-efficient solution to consider. The solution can
deliver optimized spectrum and reduced network complexity, with a markedly
improved TCO.
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network management software platform to deploy, simplifying the way the
network is monitored and managed. Furthermore, this simplified setup 
requires less training.
   Full availability at lower costs. In an outdoor setting with few users, the
number of frequencies used is often disproportionate to the number of users,
creating unnecessary license costs. Consider the linear example referred to
earlier. A rail line would normally need around five or six frequency pairs, 
depending on propagation conditions to cover the line from end to end.
Using DAMM’s frequency sharing, the same availability can be accomplished
using just two frequency pairs, leading to a reduction in cost of at least 60%,
when considering the costs of licensing.
   Minimizing TCO. With the frequency sharing solution, total cost of sharing
is markedly improved on a number of parameters:
   n Licenses: Fewer frequency licenses are needed to cover the same area.
   n Installation: There is no need for dedicated optical fiber for a separate
DAS system.
   n Maintenance: It is less expensive to maintain one system instead of two.
Additionally, with a fully redundant system the system can be kept running
during maintenance, avoiding costly downtime.
   n Training: Training costs are reduced, as staff only need to be trained in
one type of hardware and software.
   n Hardware configuration: A repeater can be reconfigured as a base sta-
tion with a simple software license.

   Better RF performance. Unlike DAS repeaters, the BS422 base station
does not degrade receiver sensitivity. Also, in a typical mast-mounted setup,
the close proximity of the base station to the antenna reduces the loss of
transmitted power. Apart from the obvious advantages of maximum 
transmission (TX) power, this also means that the base station consumes
less DC power, leading to reduced operational costs. 

What network applications would benefit most from frequency sharing?
   There are a number of scenarios for which frequency sharing would be the
ideal solution.
   n Tunnel coverage for transit/transport, instead of optical repeater DAS.
   n Coverage in a building/structure, using the same frequencies as the 
adjacent outdoor base station for areas such as utility/refinery/windfarm, 
instead of off-air repeaters.
   n Coverage along a straight line with towers of similar height for
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