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Abstract—Small cells need to be deployed in many environ-
ments ranging from rural where wireless spectrum usage is light
to dense urban where wireless spectrum usage is intense. But all
small cells, especially those with LTE and WiFi, need hundreds
of megabits per second of very low latency backhaul to fully
support their access capabilities. In an ideal world, the backhaul
would be optical fiber to every small cell base station, to give
massive capacity and low latency. In the real world, fiber is
frequently impractical and wireless backhaul becomes a necessity.
For these situations, a key question for those deploying small
cells is what wireless spectrum options should be used to provide
fiber-equivalent backhaul in various deployment scenarios? This
presentation will address this question, in particular for the North
American environment.

Index Terms—antenna, propagation, measurement.

I. BACKGROUND

In the last few years there has been a widespread call
for a 1000 x capacity increases for mobile terminals
over the next decade. This dramatic-sounding call is partly
based on the history of consumer demand in mobile wireless
communications and the expectation that this history will
continue the same trend, and partly based on relatively new
uses for mobile communications such as downloading new and
different content from the internet. The demand for capacity
has been consistently seen as exponential since the first cellular
systems for voice, or human-to-human connection, such as
the NMT-450 system developed in the 1970s. Now, almost
50 years later, the capacity usage is consistently surging but
is less for voice connection and more for data connection,
typically to the internet. The demand is also for machine-
to-machine (M2M) communications, also referred to as the
Internet of Things (IOT). The dominant traffic to human-born
mobile devices is currently video streaming, mainly in the
downlink direction. It is not clear what the next decade will
bring in terms of usage, but the history of telecommunications
seems to feature consistent and successful cases of build it, and
they will come.

II. INTRODUCTION

Much speculation has been made about new technologies
that will realize the capacity increase. There is no single
technique that will singlehandedly create a solution to the
demand for massively increasing capacity, and it is worth

bearing in mind that cellular systems have evolved exactly for
addressing this need-to-increase-capacity problem. Decreasing
cell size remains a key strategy for increasing capacity. But
the decreasing cell size brings with it new issues. Cellular
base stations are traditionally connected to each other, and to
the internet, by fiber optic cable. The fixed cable offers very
large capacities whose limits do not bite into the provision
of service. The cables are expensive to deploy because of the
high high capital costs and high ongoing fees. The expense
results from: the time and effort to identify the physical
corridors for the cables; the negotiations with the many, and
often changing, owners of the physical corridors; and the
installation of the high level of protection of the cables from
physical damage. The use of wireless backhaul is made simpler
because the paths between base stations are often line-of-sight,
allowing highly directional (in the sense of using pencil beam
antenna patterns) point-to-point links using physically small,
high frequency (tens of GHz) antennas.

But as cells become smaller, it becomes increasingly ex-
pensive to run the cables to the increasingly dense locations
of the base stations. For holding the costs, and especially for
quick, flexible deployment of small cells, the use of wireless
for backhaul seems to become attractive. The capacity required
for the wireless backhaul is of course considerably larger
than the total access capacity of the cell because of the extra
information for the control overhead.

As the cells become very small, the backhaul capacity
problem starts to look like the access problem. If the cells are
small enough (cf. a small, single room, or parts of a larger
room) so that the access channel is nearly always line-of-
sight, and the backhaul interconnection becomes dominantly
non-line-of-sight. Now the situations for the backhaul and the
access have interchanged compared to the large-cell situation,
although unlike the access channel, the backhaul channels
between the base stations are reasonably stationary. The rel-
atively stationary nature does not necessarily mean stationary
solutions. The antennas need to be reconfigurable as new cells
become developed, or as the local spectral usage otherwise
changes.

III. RESEARCHED SOLUTIONS

The questions now arise as to which frequencies and tech-
nologies should be used for the backhaul. The access channels
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can be expected to be a mixture of WiFi and cellular, so this
is a mixture of licensed bands and unlicenced bands. In most
current situations, the licenced bands seldom suffer significant
interference problems, whereas the unlicensed bands are un-
reliable unless strong and adaptive anti-interference measures
are incorporated. The choice of bands for the backhaul is not
yet discussed widely in open forums. Clearly they have to be
very reliable links, since all users of the cell are relying on it.
With non-line-of-sight links, the use of the highly directional
point-to-point links using higher frequencies is no longer
appropriate, and the advantages of using the better non-line-of-
sight propagation characteristics of lower carrier frequencies
(than tens of GHz) seems to become attractive.

The choice of frequencies, in particular the choice between
licensed and unlicensed bands is complicated by the different
regulations in different countries. The characterization of these
frequencies for backhaul requires new physical link testing,
rather than purely testing by propagation and channel mod-
eling. This in turn calls for the design and development of
cost-effective channel sounders. The design of new sounders,
the results of the channel sounding, the role of interference and
simple models for it in different bands, and the development of
new backhaul adaptive antennas that are resilient to the non-
line-of-sight situation, and the network management of the
interconnected antennas, will be the basis of the presentation.

To research the solutions for these issues as quickly as
possible, a company was formed (Fastback Networks) The
results of the research undertaken to date will be reviewed
in the presentation. New, special-purpose channel sounders
were built and extensive channel measurements were made.
These measurements particularly included specific situations
where it is currently difficult to accurately predict the radio
channel from existing propagation prediction packages and
techniques. The measurements have confirmed that for good
propagation prediction (good enough for efficient deployment
of reliable non-line-of-sight backhaul links), no single
prediction tool is currently suitable. Instead, a suite of tools
is required, and these should be used for different situations.
In the future, such a suite may be able to be integrated to
a single product. Currently, some difficult situations still
require physical measurement because the readily available
propagation tools are not up to it. The channel sounders
will be described and the basic highlights from an extensive
measurement campaign in urban and suburban scenarios. The
use of different, readily available (commercial and otherwise)
propagation prediction packages will be presented. New
antennas, especially developed for the backhaul situation will
also be described. These are adaptive in order to counter the
presence of changing interference and adapt automatically to
different environments and deployments.
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