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FIBER AND WIRELESS

One of the nation’s leading private 
universities, Duke University 
has more than 13,000 students, 

31,000 employees and 220 buildings on 
its 8,600-acre campus in Durham, N.C. 
In addition to students, faculty and 
staff, there are thousands of visitors, in-
cluding medical center patients and fans 
of the Blue Devils athletic teams, on the 
campus every day. Providing connectiv-
ity for all of them is a task comparable to 
serving a good-sized town. 

Data access for the university and its 
associated health system is provided by 
a fiber optic Ethernet network. In ad-
dition to providing Internet access, the 
fiber ring connects the university to re-
search networks such as Internet2, the 
National Lambda Rail and the North 
Carolina Research and Education Net-
work and allows the computers in the 
campus data centers to operate as a sin-
gle high-performance computer.

Of course, students, employees and 
visitors also need connectivity for their 
cell phones and other mobile devices. 
Until recently, mobile connectivity 
was provided primarily by macro net-
work cell towers for AT&T, Verizon 
and other wireless networks, supple-
mented in about two dozen buildings 
by in-building wireless systems based on 
equipment from network infrastructure 
supplier ADC (www.adc.com). As cell 
phone use proliferated and thousands 
of smartphones appeared on campus, 

coverage became increasingly spotty in-
side many buildings, as well as in some 
outdoor areas of the campus. The loca-
tions of the macro cell towers and the 
frequency attenuation caused by build-
ing construction materials made the 
provision of high-quality service a huge 
challenge. “We wanted to fill in the gaps 
in our outdoor coverage in densely pop-
ulated campus areas, and we also had 
an immediate need to enhance wireless 
coverage inside 29 buildings,” says Bob 
Johnson, senior director of communica-
tions infrastructure at Duke University.

Increased cell phone and smartphone 
use weren’t the only drivers for improving 
mobile communications. The university 
also wanted to support new service pro-
viders and frequencies and, most impor-
tant, to upgrade its emergency commu-
nications systems. The 2007 shootings 

at Virginia Polytechnic Institute, and 
that school’s failure to warn students of 
the danger, inspired universities around 
the country to re-examine and upgrade 
their emergency communications. “We 
have a responsibility to residents and 
guests to have solid cell phone cover-
age,” Johnson says.

Upgrading the  
Wireless system
Duke issued a request for proposals for a 
system that would upgrade wireless con-
nectivity throughout the campus. The 
winning proposal, submitted by ADC, 
offered a hybrid solution consisting of 
both indoor and outdoor distributed 
antenna systems (DAS), or networks of 
antenna nodes connected to a common 
source. The higher-powered outdoor 
nodes would distribute wireless coverage  
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to outdoor areas that the cell towers 
could not reach and would also enhance 
indoor coverage in many of the build-
ings. The indoor nodes would deliver 
pinpoint coverage in areas that even the 
outdoor nodes could not reach, typically 
lower levels, interior corridors and, in 
the hospital buildings, areas protected 
by lead walls from X-rays.

A major advantage of the proposed 
system was that it could be deployed 
quickly because the outdoor DAS nodes 
would cover huge swaths of the cam-
pus. “We liked the hybrid solution for 
our campus because it would allow us to 
improve coverage for more people more 
quickly and because there was a signifi-
cant cost savings over using in-building 
solutions only,” says Johnson.

In the fall of 2008, ADC deployed 
five carrier-agnostic outdoor DAS nodes 

covering areas in Duke’s east and west 
campuses. The outdoor DAS nodes were 
linked to the carriers’ base stations via 
fiber, largely because of the distances 
involved – for example, the node at 
the athletic field is nearly a mile from 
the base stations. The wireless carriers, 
which saw the benefit of improving con-
nectivity at the campus, contributed to 
the buildout. Johnson says, “It makes 
sense for everybody. … It was a shared 
expense, but it was a lot cheaper than all 
of them doing it individually.” 

With the installation of the outdoor 
nodes, wireless service immediately im-
proved both outside and inside nearby 
buildings. University and ADC engi-
neers then began to assess the impact of 
this first deployment phase to determine 
how to expand coverage further. Based 
on their coverage surveys, they decided 
which additional buildings needed 
to have indoor DAS. They also deter-
mined that some of the existing indoor 
DAS, which captured signals with roof-
mounted antennas and bidirectional 
amplifiers, were robbing capacity from 
the outdoor network. “Everybody has 
green initiatives, as part of a drive to 
keep costs down,” Johnson explains. “So 
they put skins on buildings that are not 
RF-friendly, and there’s a one-third loss 
of signal when you walk in the build-
ing.” In addition to new RF-unfriendly 
buildings, Duke also has plenty of 
old, thick buildings, such as the vener-
able Perkins Library, that block wireless  
frequencies. 

rF Over Fiber
Duke and ADC engineers realized that 
bringing RF signals into the buildings 
over fiber would be much more efficient 
than trying to bring the signals in wire-
lessly. They decided to remove some of 
the bidirectional amplifiers and deliver 
RF signals into the buildings via the cam-
pus fiber infrastructure. Once the signals 
were inside the buildings, however, they 
were returned to the in-building wire-
less networks because the campus fiber 
network is a limited resource. Duke uses 
ADC wireless hubs and repeaters inside 
the buildings. “That way we could pick 
up all the equipment instead of having to 
home-run everything,” Johnson says. 

Today, Duke’s fiber-wireless infra-
structure supports all the cell phones 
and other mobile devices currently in use 
on campus. Aside from gap remediation 
made necessary by changes to campus 
buildings, the system should continue 
to support wireless use into the 4G era. 
The fiber backbone will be adequate for 
the foreseeable future; Johnson expects 
to refresh the repeaters and antennas in 
about four years. 

Johnson’s original goal was to provide 
wireless coverage of 95 percent of the 
campus area, 95 percent of the time, and 
he estimates that the system currently 
provides between 90 and 92 percent cov-
erage. Though he is still working on filling 
in the gaps, he says he knew the project 
was a success “when people started com-
plaining about small areas that weren’t 
covered. Before, it was just accepted that 
there was no coverage.”  bbp


