
Case Study 10: Bringing Broadband Infrastructure to Pennsylvania
Background
Pennsylvania is home to large areas of rural space. There is approximately 6500 square miles of rural area in PA that does not have broadband internet access.  Starting at the grass roots level, this lack of infrastructure has recently moved to the forefront of municipality and government discussions.  Indeed, residents of rural and metropolitan areas have come to expect broadband access as they do any other infrastructure.  In addition, small and midsize businesses are in need of infrastructure support for virtual technologies that are supported by the internet.  Similar to parts of Maine, PA is also finding it difficult to recruit employees from other areas of the country to areas where high-speed internet is not available.  

The Situation
Members of the community are concerned that the lack of broadband infrastructure will hurt residents and businesses alike.  Technology has enabled virtual businesses, virtual offices, new ways for student learning, communication, and even home entertainment.  There is a strong possibility that a lack of infrastructure will create a larger digital divide amongst citizens, reduce employment opportunities, and drive away small and mid size businesses.

In response to these concerns, an advisory council has been established to come up with solutions that both solve the lack of infrastructure and be cost-effective.  The cost-effective aspect of this work is non-trivial.  PA has a strong educational system and other quality of life supports that are not to be jeopardized for this initiative.  

Other States Solutions

Pennsylvania certainly is not the first state to be facing this infrastructure issue.  Knowing this, the council is studying the actions of other states and using pertinent work as a roadmap.

On such state is California.  California has a strong fiber backbone infrastructure.  With continued building and development, the fiber is expanding well.  Silicon Valley/San Jose is establishing a wireless network dubbed Smart Valley.    This network will allow anywhere, anytime access to broadband wireless internet.  It has Mobile IP technology, which allows seamless movement throughout the network with no loss of network connectivity.  This enables police and first responder use of the network for community support as well as internet connectivity on commuter trains.  Its connection capability for schools and hospitals is also creating a very positive impact.  Other example applications are shown in the following figure.
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Adapted from the Wireless Silicon Valley RFP dated April 28, 2006

WiSac, an organization in the Sacramento Region, is pursuing a wireless infrastructure corridor connecting the Silicon Valley network, San Francisco, and the Sacramento region.  Like the Smart valley network, this will have Mobile IP.  It is expected to use a combination of WiMax and WiFi.  In this respect, it will differ from the Smart Valley network.  The use of WiMax will allow the corridor to extend into rural farmland in central California.  There is a heavy emphasis of the commuter train support with this network, as there is a proposed high-speed train that would connect super commuters from Sacramento to San Francisco and San Jose.

California is, obviously, a different environment and has substantially different goals with their infrastructure deployment.  The essence of the deployment concept is quality of life – not access need (for many of the applications).  California is home to a large number of supercommuters (people who travel at least 1 ½ hours each way to and from work).  This supercommuter community is a result of the high cost of housing.  Because of the large amount of supercommuters, the road infrastructure is heavily used, and super trains are in the planning (or concept) phase of creation.  At issue is creating travel time that is usable and efficient – thus the need for mobile IP technology and wireless infrastructure along those corridors.  In addition, first responders and public safety have been overworked trying to keep up with the rising population, crime, and post 9/11 security needs.  By implementing this wireless corridor, some functions of the public safety and first responders will be able to be automated (such as speeding tickets, traffic monitoring, etc), and thus freeing up personnel to attend to other needs.

California’s Solution

The corridor infrastructure from San Jose to Sacramento will be a combination of WiFi and WiMax.  Both the WiFi and WiMax nodes can be placed on some existing structures, and this can decrease the cost of deployment.  For example, the WiFi nodes can be posted on existing buildings and street lights.  WiMax nodes can be placed on radio and cell towers.  Some logistical issues arise over ownership and size of the structure, however.

An example topology is shown in the following diagrams.  The first diagram is of a standard topology, and the second is of a topology depicting WiMax being used to solve the ‘last mile’ problem.  The ‘last mile’ problem is of particular importance in Pennsylvania, and so we will concentrate on it.

Network Topology
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Network Topology: Last Mile Problem
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Pennsylvania
Recall that Pennsylvania has approximately of 6500 square miles of rural area without broadband access.  Because the homes are dispersed and the communities are small, many ‘clusters’ of homes do not have the prerequisite number of ‘signatures’ to force telecommunications or cable companies to provide infrastructure access.  In addition, preliminary cost estimates for laying fiber run about $15,000 per mile.  While a fiber infrastructure door to door is an optimal solution for speed and throughput, it is not economically feasible in this case.

Potential Solution
The advisory committee has reviewed multiple deployment solutions – one being fiber door to door.    Given the cost and time required for deployment, the committee has determined not to lay fiber door to door.  The most promising solution is a combination of a fiber backbone and WiMax.  The fiber backbone would follow main roads and connect communities.  WiMax nodes are to be placed on existing radio and cell towers (with some additional towers to be installed as needed) to solve the last mile reach into smaller communities and individual homes.  This combination of technology will accomplish several goals: first to create access for as many people as possible with minimal time and cost for deployment and secondly is scalable.  As roads are repaved, repaired, or newly created, thin fiber can be laid at minimal cost (significantly less than the $15,000 per mile).  Since the WiMax nodes are in place, wireless broadband access is available to individuals who are far away from the fiber backbone until the fiber network reaches them.  By using existing towers, cost is lowered dramatically.

Case Summary

Pennsylvania is home to large areas of rural space. There is approximately 6500 square miles of rural area in PA that does not have broadband internet access.  The advisory committee has reviewed multiple deployment solutions and observed the deployment choices of other states.  One option is to lay fiber door to door.  This would allow each individual to have high speed and thoroughput necessary for virtual technologies.  However,  given the cost and time required for deployment, the committee has determined not to lay fiber door to door.  The most promising solution is a combination of a fiber backbone and WiMax.  This solution will be cost effective and provide access to all homes in the rural area.  Over time, the fiber backbone will be increased as road are repaved and newly created.
Case 10 Questions
1.  Given that door-to-door fiber will enable high-speed access for everyone, why is the broadband council strongly considering a combination of a fiber backbone and WiMax towers?

2.  Research WiFi and WiMax topologies.  Describe how WiFi and WiMax nodes can be deployed to cut costs.

3.  Describe the differences between the California WiMax and WiFi deployments, and the Pennsylvania deployment.

4.  Discuss the community effects of a strong broadband infrastructure.

5.  At play in this case is the much broader issue of cost versus capability.  Obviously, a fiber network to everyone’s home in Pennsylvania is a much more capable infrastructure.   Discuss the cost versus capability considerations that companies must make when making IT purchases.

6.  Research federal grants available for cities to create broadband infrastructure.
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