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Abstract

When a person is facing an emergency situation, they expect to be able to dial 9-1-1 to get the help they need.  They expect that the person answering the call should be able to pin point their location and be able to send help immediately. However, if you are dialing from a wireless or Voice over Internet Protocol (VoIP) telephone, the person answering the call might not get this information.  Worst yet, if the person in an emergency attempts to send a Text Message to 911 no one will receive the call.  In the near future, the 9-1-1 system will make a dramatic leap forward, and will have the capability to receive and process vast amounts of new information including text messaging, pictures, video, and other data sources.  This leaves those responsible for managing these 9-1-1 centers in a quandary as to how best to proceed.  This study will analyze the systems proposed to replace the current 911 network and will present a recommendation for a path forward for 9-1-1 center managers.  In addition, it will present other issues that will need further research.
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Introduction

Substantial changes will be made in the United States 9-1-1 system in the near future.  The current system will migrate from 1970’s analog circuit switched network to a state of the art Internet Protocol (IP) based system. To do this the new 9-1-1 system will bypass at least two generations worth of technological progress in network design.  This giant leap will not be without its growing pains for those who manage 9-1-1 call centers, or Public Safety Answering Points (PSAP). PSAP managers will have to contend with funding issues, public expectations of service, vast amounts of new data, operational concerns, public education and the purchase and maintenance of the equipment necessary to work in this environment.   

The initial research questions for this analytical study are:  What current and proposed solutions are available to meet the Emergency Assistance Request processing needs of the public? What Changes in funding structure are needed to meet this goal?  What other operational changes will need to be made in the current system to support this change? Analysis of the research will result is a series of recommendations fro PSAP managers as to how to proceed with this migration. 

The remainder of this document is organized as follows: In the literature Review, the current evolution of the National 9-1-1 system infrastructure will be discussed. The Next Generation 9-1-1 (NG9-1-1) project will be outlined and detailed.  The emerging concept of Emergency Response Grids (ERG) will be discussed.  The analysis of these current and proposed systems will result in a recommendation as to a course of action for local authorities responsible for implementing and maintaining Emergency Assistance Call Centers. 

Literature Review

The national 9-1-1 system architecture is in great need of modernization. The current system has not kept pace with the rapid change in consumer electronics, and capabilities. The current 9-1-1 architecture is based on 1970’s analog technology that was designed for landline telephone systems. Despite this fact, the citizens served by this system expect it to work perfectly 100% of the time, but are not interested in 911 9-1-1 system until they need it (Dewan, 2007).  As the 911 system adapted to the emergence of the mobile telephone in the 1990’s, it must adapt again to meet the current demands of its users. Text messaging, video, multimedia messages once the unimaginable are now the norm and the public expect that the 9-1-1 system will be able to process request from these devices. 

The national and Inter natal Emergency Assistance Systems must work to catch-up to the level of function ability of consumer devices that can send and receive text, data, video and digital images (Raths, 2008).  It need not only receive the information, but must effectively and efficiently route that information to other emergency response organizations in their local area and beyond. 

Current 9-1-1 Technology

Modern 911 technology can be broken down into three basic levels Enhanced 9-1-1, Wireless Phase I and Wireless Phase II.  The most basic and widespread is Enhanced 9-1-1, which is itself an advancement of the original 911 systems and allows the 911 system to route calls to appropriate Public Safety Answering Points (PSAP), based on the location of the caller.  The system provides the phone number of the caller, which is called Automatic Number Information (ANI), and the address information of the caller, which is called Automatic Location Information (ALI), and presents this information with the voice of the caller (DOT, 2009). 

In response to the growing use of mobile phones in the 1990's the FCC in order 94-102 required all wireless carriers to provide the telephone numbers and location information of the caller to the PSAP (DOT, 2009). This was to be done in two steps, Phase I provided the PSAPs the call back number, the actual telephone number of the device, along with the location of the tower site the caller was using at the time of the call.  In Phase II, the PSAP would still get the call back number in addition to the location information, Longitude and Latitude of the caller. 

These calls are processed through wire line infrastructure to the PSAPs in a given geographic region. This architecture was designed largely in the 1970’s and is based on an analog circuit switch network technology that is currently at least two generations out of date (DOT, 2009). This type of signaling limits the PSAPs ability to transfer 911 calls, and the associated information to other agencies in their own area, and prevents the transferring of 911 calls and information out side of their service area. In the digital age we now live in, our 9-1-1 infrastructure we rely on is still mired in the past.   This is not only true for the United States but also New Zealand and the European Economic Union (111.govt, unk; EC, 2009). 

This current analog 9-1-1 system cannot handle the modern demands of text messaging, digital photos and videos, and other data that the current consumer communications devices support (IA, 2008; Dewan, 2007; Maier, Mertka, 2009; Moore, 2009; NENA, 2004; Olson, 2009; Raths, 2008; Robertson, 2008; DOT, 2007; DOT, 2008; DOT, 2009). Currently over half of all 911 calls placed in the United states are by non-landline devices and currently there are over eight million citizens who rely solely on Wireless communications devices as their primary telephone service (DOT, 2009). As we move forward, the PSAPs and 9-1-1 technology must adapt even more so than it did in the 1990’s to accommodate the current and future public demands. 

Next Generation 9-1-1 (NG9-1-1)

With the evolution of wireless phone technology, and the associated features it can provide, it has exceeded the capacity of the traditional voice 911 call. This recognition that our old analog call routing system is inadequate has led to the proposal of the Next Generation 9-1-1 (NG9-1-1). The NG9-1-1 system architecture that will replace the existing circuit switched network with a broadband Internet Protocol (IP) network. NG911system is an IP system comprised of hardware, software, data and operational policies and procedures that allow for standardized interfaces from call and message services, process all types of emergency calls including non-voice messages and acquire and integrate additional data useful to call routing and handling.  It also routes the calls/data to the appropriate PSAP and other appropriate service providers, and provides a secure environment for emergency communications (NENA, 2008; DOT, 2007; Moore, 2009). This system architecture would allow callers to request service by making a voice call, sending a text message, sending video along with voice or text, and allow for data from their vehicle, medical records etc. to be sent any PSAP or Public Safety provider utilizing this architecture. 

It can be argued that the first version of NG911 was actually the implementation of wireless phase II, were multiple service providers delivered longitude and latitude to the PSAP along with the callers voice (Olson, 2009).  However, the NG911 system will go further and offer a flexible, open, non-proprietary, and secure architecture. It will be built on common and multipurpose networks, encourage interoperability among jurisdictions, and maximize the use of available funding and maintenance sources (NENA, 2008; DOT, 2007; Moore, 2009; Raths, 2008). With its primary purpose being to save lives, ensure health, and protect property by improving emergency service access and response in the United States (DOT, 2007). 
Functional testing of these concepts was done by the Department of Transportation and has successfully tested the ability of a NG911 system to send and receive voice, text and data from callers and route it to other PSAPS. It has improved the ability of the hearing-impaired to access the 911 system, and has shown the ability to receive Automatic Crash Notification data from vehicles involved in accidents and route that information to the appropriate PSAP or emergency response organization.  The test have shown that 911 calls can be routed and transferred based on the callers location, and has validated the security of IP networking in a PSAP environment (DOT, 2009; Moore, 2009; Maier, Mertka, 2009; NENA, 2009).  These results are moving the entire Emergency Communications industry into the future by demonstrating from call initiation to call termination that the IP based NG911 system architecture can work (Maier, Mertka, 2009). 

Community Response Grid

The predominate model for handling emergencies in the Unites States is a many to one telephone based system for reporting emergencies (Wu et al, unk; Borrell, 2007). Where the victim contacts 9-1-1 and requests emergency assistance from a Public Safety entity (Wu et al, unk).   The second model utilizes a one to many or a top down approach.  One such example of this model is the Community Response Grid (CRG). The CRG allows citizens to report disasters, request assistance from neighbors, check for situational updates and receive further information (Borrell, 2007).  This approach could be successfully utilized in disaster settings where the 911 system is typically overloaded with calls requesting services (Wu, et al, unk; Borrell, 2007).  The community itself runs a CRG, through Emergency Coordinators that gather and disseminate information (Borrell, 2007).  This system holds the average citizen as a first responder, which could promote a closer community where the community takes care of their own and relies less on the government for assistance. 

This system has the ability for citizens and communities to become more self-reliant, community oriented and can relieve some of the burden of public safety and local governments during disasters.  This social networking type system has the potential to help communities prepare, respond and recover from disasters that would normally overload the 911 system.  

Regardless of the model used the citizens of the United States expect that when they call 911 it will work 100% of the time, and for it to work with little to no effort on their part, regardless of the type of device used to call (Dewan, 2007). Regardless of the path forward taken, it will not permanently solve the problem.  Because one thing is certain, technology will change and the 911 system must be ready to adapt to meet the service expectations of the public. 

Methodology  

With this migration to a new 9-1-1 architecture, PSAP managers will be faced with an overwhelming amount of change.  They will have to determine how they will secure funding, how to meet the public’s expectations for service, and how to deal with the vast new data that NG9-1-1 can provide. In addition, the PSAP manager must develop new operational procedures for the new functions that will be available, and they will be responsible for selecting the best network and call handling equipment to meet these needs.  This study will analyze the data and draw conclusions that will be used to develop a set of recommendations for PSAP managers.  The questions that will be answered are:   What current and proposed solutions are available to meet the Emergency Assistance Request processing needs of the public? What Changes in funding structure are needed to meet this goal?  What other operational changes will need to be made in the current system to support this change? Based on the analysis of the data, recomendati0onos will be made to guide PSAP managers on how to best approach the transition from an analog 9-1-1 system to an IP based architecture. 

To assist in developing the recommendations for this paper a short survey was sent to sixty-seven members of the Louisiana Chapter of the National Emergency Number Association (NENA). The goal of the survey was to ascertain the current level of service provided by current network infrastructure, current funding mechanisms, public expectations for service, operational control, and their concerns in transitioning to a NG 9-1-1.  Twenty-seven of the sixty-seven that were requested completed the survey resulting in a forty percent completion rate. While this rate was under the study’s anticipated response rate, good information about the current state of the 911 network in Louisiana was still gathered.

Limitations

Since a fully operational NG-911 system has not been brought online and that experts in the field have not reviewed its actual performance and costs, a true understanding of the obstacles and cost of the project are theoretical and may skew the findings.  Furthermore, given the fact that the FCC mandated Phase II compliance almost ten years ago and due to the variety of reasons, a large number of PSAPs that still have not complied with that order.  Given this fact, the study’s recommendations may not be valid for those organizations that have not migrated to Phase II Wireless 911 service.  In addition, recommendations of this study may not be valid for those organizations that do not have an adequate funding structure to support current operations.   

There are problems with the sample that will need to be mentioned. First, not all 911 center directors in Louisiana are members of the Louisiana Chapter of NENA. Secondly, seventy-three percent of the responses came from organizations that serve a population over 50,000. Thirdly, members of the NENA organization could be more likely to be better informed about the upcoming transition to a NG 9-1-1 operating environment by their participation in this organization. Given these three problems with the sample, the results of the study stand a greater chance of being skewed.  However, for the purposes of this study the results of this sample should be able to generate guidance for the development of a set of recommendations for 911 center managers as they transition to a NG 9-1-1 environment. 

Results 

The goal of the survey was to assist in developing a set of recommendations for 911 center managers in the State of Louisiana in the transition to a NG 9-1-1 environment.  The survey consisted of nine questions that will be summarized in the following section.  The survey was sent to the members of the Louisiana NENA Chapter. 

In the first question the respondents were asked if they had any experience in managing a 911 center. Of the twenty-seven respondents, twenty-one or 84% indicated that they had experience in managing a 911 center.

The second question was to determine the population served by the survey respondents.  The population served by the respondents is broken down in Figure 1. 

	Population Range
	Under 10,000
	10,000-49,999
	50,000-250,000
	Over 250,000

	Percentage
	4%
	23%
	54%
	19%


Fig 1.

As stated in the previous section the population is skewed toward the larger jurisdictions.  One possible explanation is that the larger jurisdictions make up a disproportionate amount of the active membership in Louisiana NENA Organization. 

The third question dealt with the current level of service provided by the respondents 911 center. The respondents were given the following choices. Basic 911 service, Enhanced 911 service, Phase I Wireless service, Phase II Wireless, and NG 9-1-1.  The results of Question three are broken down in Figure 2. 

	Service Type
	Basic 911
	Enhanced 911
	Phase I Wireless
	Phase II Wireless
	NG 9-1-1

	Percentage
	0
	12%
	4%
	81%
	4%


Fig 2

The results of the third question indicated that the vast majority of survey respondents (81%) are at the Phase II Wireless level of service.  With the majority of the respondents providing service at the Phase II Wireless level, the recommendations in the next section focused on the transition from Phase II Wireless to NG 9-1-1. Those that are at the Enhanced 911 level of service could also make the transition, but it would be considerable more difficult to accomplish.

In the transition to a NG 9-1-1 environment, how the 911 center receives the requests for service from the public will be an important piece of the puzzle. The fourth question in the survey dealt with the current method of call delivery to the 911 center.  The survey participants were given four choices CAMA trunks, SS7 switching, IP networking or Unknown.  The results of this question are broken down in figure 3. 

	Network Type
	CAMA Trunks
	SS7 Switching
	IP Trunking
	Other
	Don’t Know

	Percentage
	69%
	12%
	4%
	4%
	12%


Fig 3.

The predominate 911 transmission network is the CAMA trunks at 69%. As discussed earlier, CAMA is an analog technology from the 1970’s and is at least two generations removed from the proposed NG 9-1-1 Network.  This transition will take significant planning to successfully migrate to NG 9-1-1 while still allowing legacy equipment to function on the new system. Fortunately there are a few 911 agencies that are currently using IP trunking that could be used as a resource in the planning process.    

The fifth question in the survey sought to gain information as to the current method of funding for each of the respondents organizations.  In the transition to NG 9-1-1 funding will affect all aspects of the move, and developing a revenue stream that can support current operations and the transitional expenses is a major concern.  The respondents were asked to indicate all the funding mechanisms that are currently in place for their operations. The results for question five are in figure 4. 

	Funding Source
	Local Tax
	Surcharge on Land line Phone Service
	Surcharge on Wireless Phone Service
	Surcharge on VOIP Service
	Other

	Percentage using Funding Type
	27%
	100%
	88%
	65%
	0


Fig 4.

The fifth question gives us an understanding of the current funding methods used to operate 911 centers.  It is clear that Surcharges on access devices are the prime funding mechanism in Louisiana. The surprising aspect of the study was that over a quarter of the respondents indicated that they are funded, in addition to Surcharges, by local taxes.  

The sixth question dealt with the 911 center managers’ perception of the level of service that the citizens of their jurisdiction expected from them.  The choices included Expect Basic 9-1-1, Expect the latest 9-1-1 system possible, Expect what other areas around your PSAP have, Unknown, and Don’t Care.  The results of the sixth question are broken down in figure 5. 

	Service Expectations
	Basic 911
	Expect latest 911 System
	Expect similar service level
	Unknown 
	Don’t Care

	Percentage
	19%
	81%
	19%
	4%
	0%


Fig 5

In the development of the recommendations it was instructive to see how the respondents viewed the Expectations of the Public.  As expected, the 911 managers overwhelmingly selected that their citizens wanted the best 911 system possible. 

In the seventh question each respondent was asked when their agency planned to transition to a NG 9-1-1 environment.  This question was important in developing the recommendations to the 911 center managers because it is critical to understand the timeframe in which the move to NG 9-1-1 will occur. The results of question five can be seen in figure 6.

	Expected transfer date to NG9-1-1
	2010
	2011
	2012
	2013
	2014
	2015
	Unknown

	Percentage
	11%
	19%
	22%
	11%
	4%
	4%
	30%


Fig 6.

The results of the seventh question indicate that the planning for NG 9-1-1 should have already started for some of the respondents, if not it needs to begin as soon as possible.  Thirty percent of the respondents indicate that they expect to be operating in the NG 9-1-1 environment within the next two years.  With another thirty percent transitioning in three to four years.  This leaves a little over thirty percent who expect to migrate in year five or have not planned a time frame.  

In transitioning from the current 911 architecture to NG 9-1-1, it is important to ascertain how each agency receives its authority to act. In the Eighth question the respondents were give a choice of, Statewide Authority, State wide Authority for some aspects (i.e. Wireless), Regional Authority, Regional Authority State Oversight, Local Authority, or Other. The results of question seven are illustrated in figure 7. 

	Organizational Authority
	Statewide Authority
	Statewide Authority for Wireless
	Regional Authority
	Regional Authority with State Oversight
	Local Authority
	Other

	Percentage
	0 %
	4%
	8%
	0%
	85%
	4%


Fig 7.

Question eight reports that the predominate type of governing authority is Local Authority receiving eighty-five percent of the selections. While this could pose some issues in the transition to NG 9-1-1, the recommendations in the next section will cover how to retain the local control of the 911 system while coordinating regional NG 9-1-1 concerns.

The purpose of this study was to develop a set of recommendations for 911 center managers as they prepare for the transition to the NG 9-1-1 operating environment.  Out of all the questions, the ninth question had the most impact on the recommendations this document is trying to present.  In this question the respondents were asked to rank the following six concerns, Operational, Funding, Call Processing Equipment, Network, Standards, and Public Expectations in order of importance to their organizations. The results of these rankings are broken down in figure 8. 

	NG 9-1-1 Concern 
	Funding
	Network 
	Call Processing Equipment
	Operations
	Standards
	Public Expectations

	Average Rank 
	2.73
	2.96
	3.15
	3.23
	3.5
	5.42


Fig 8.

As illustrated by the above chart the average rankings are generally close together which indicate a general concern in all areas.  Based on the broad concern indicated in question nine the report will give recommendations for each category. 

Discussion 
The goal of this project was to develop a set of recommendations for 911 center managers based on currently available literature and from data generated in the previously discussed survey.  The NG 9-1-1 operational platform promises to be a quantum leap forward from the current operating platform.  This change will require extensive planning and funding to successfully complete this transition. The first recommendation is for each 911 manager to develop a comprehensive plan for this transition.  This planning process will need to incorporate all stake holders of the 911 system into a Planning Committee to generate a roadmap on how to proceed to the Next Generation 911 operating environment.  This planning committee should including representatives form the public at large, local and state elected officials, representatives from local public safety agencies, representatives from local businesses and representatives from the network and access device providers. To that end, this section the report will make recommendations for 911 center managers in the following six areas, Funding, Network, Call Processing Equipment, Operations, Standards, and Public Expectations.

In regards to the transition to NG 9-1-1 the survey respondents indicated that funding would be their number one priority in the transition to NG 9-1-1.  This survey revealed that the majority of operating expenses are generated from surcharges on the various technologies accessing the 911 system. During the transition period the 911 managers will be required not only to keep the 911 center functioning at its present level, but will also be required to fund the cost of the new equipment, networking, training and public education.

In determining the needed funding for this project the 911 manager must first determine the current level of funding needed to operate and compare this amount to the funding needed to migrate to NG 911. If the funding is adequate then the agency simply can move forward with the project.  If there is a gap in funding the planning process should address how the jurisdiction will fund this gap. Agencies can look to designate a fund, like a savings account, to prepare for this transition. If funding for the project is unattainable then the 911 manager could seek to form a cooperative agreement with neighboring jurisdictions to share in the expense of the network and call processing equipment costs.  This could include partnering with other non-public safety agencies in the building of network facilities that multiple agencies could share (Moore, 2009).  In the planning process the group should evaluate current grant programs for the purchase of network and call processing equipment. Continuity of funding streams will also have to be addressed through changes in legislation, for instance this might include applying surcharges to future technologies that have not yet made it to market.  While the surcharges account for the bulk of the funding for 911 centers, twenty-five percent of the respondents derive at least a portion of their operational funding from local taxes.  A local tax or bond issue could be utilized to fill the gap in funding but would require significant involvement with educating the public on the reasons why they should vote for the tax. 

Ranked second in importance for the transition to the NG 9-1-1 platform were Network Concerns.  The Internet Protocol (IP) network that will be used for NG 9-1-1 is essentially the same type of network facilities currently used by consumers and businesses; therefore there will be a shift from 911 only networks to common facilities share by a host of governmental and non government entities (Moore, 2009). With this in mind it is recommended that 911 managers coordinate regionally to develop a network architecture that will provide interoperability, with other 911 agencies as well as non public safety agencies. Compliance with network standards will be key to support the full interoperability that NG 9-1-1 can allow. Deviating from these network standards could leave the 911 agency isolated from other 911 centers. 

In the transition plan the source, or providers, of the information to the 911 system will need to be identified.  Determining which information the PSAP will need to retain, and what information will need to be forwarded on will be important to the overall process. The end user of the data, wither it is Fire, Police, EMS or another affiliated agency will need to be identified and planned for.  Important to the success of the NG 9-1-1 system is ensure that legacy, or current devices that access 911, will still be able to contact 911. The plan will also need to address State and Federal regulations that will need to be altered in order to successfully implement a NG 9-1-1 System. 

Concerns with Call Processing Equipment will be tied closely with the development of NG 9-1-1 Standards which will be discussed later.  It is recommended that the planning committee ensure that any equipment purchased will meet the NG 9-1-1 equipment standards. The equipment must also be able to accept the data and voice not only from legacy equipment but also all potential devices that could be used to request help from the 911 center.  The equipment must be able to connect, receive, and relay data to and from new data sources, and be able to store and manage large volumes of this new data. The Call Processing equipment will be a large component of the overall funding and will need to be factored in to the overall cost of the project. Given that the NG 9-1-1 network will be a shared network between public safety and non public safety entities, and will be a regional in composition, it would be advantageous to share the cost of the equipment with neighboring jurisdictions to ensure a high level of redundancy and interoperability. 

Operation Concerns of the NG 9-1-1 environment will also need to be evaluated by the Planning Committee. With the new access devices and data streams that will be delivering data to the 911 center, call taking will become more labor intensive and require increased staffing levels to maintain the same level of service. These staffing evaluations will need to be included in the funding evaluation. Training for the employees, managers and maintenance employees on the new equipment and processes will also need to be evaluated. All the advances in location information and new data received by the PSAP will not be as effective unless the end users of the data are able to receive, process, and respond to the information given to them. 

In the transition to NG 9-1-1 some of the most important information needed to develop the individual agency’s migration plan will come from the standards committees of NENA, APCO and USDOT.  Through compliance with NG 9-1-1 standards on the network, databases, access devices, interfaces, and operational practices, true interoperability and standardization will occur. It is important for the 911 manager to keep themselves abreast of the progress of these related standards. Furthermore, it is recommended that each 911 manager become involved in the development of these standards. If this is not possible the manager should at lease be familiar with the work of these Standard writing committees. By becoming involved in the process and understanding where the industry is moving, the 911 manager can most effectively and efficiently utilize the funding of their agency.  The 911 manager and planning committee must work with 911 equipment and network vendors as well as vendors for the access devices to ensure the equipment purchased will comply with these standards. 

The last set of recommendations deal with the concern ranked lowest in our survey, Pubic Expectations. While this area was ranked least in importance, it is still an area the planning committee cannot overlook.  The Planning Committee should engage the public and solicit their input into the NG 9-1-1 planning process. It is the tendency of the public to ignore the 911 system, that is until they need it.  When they do need it, they expect that it will work flawlessly 100% of the time (Dewan, 2007).  The NG 9-1-1 environment will be new for public safety and will require extensive planning and training to use it properly.  So to will the public need to be trained on the usage of these new features. In the transition plan considerable time and effort must be given to educate the public on the benefits as well as the concerns of the transition. The plan must address how and when the public is to use the new devices, as well as how the public’s calls for service will be handled and processed. Educational programs for all ages and groups will need to be developed and implemented. These costs will need to be factored in to the transition plan. 

Conclusion 
The transition to NG 9-1-1 is not as simple as installing a new computer telephony system and giving the operators a day of training. It is a process that requires careful planning and attention to detail to be successful.  For the transition to NG 9-1-1 to be successful it is important that the 911 manager involve the appropriate stake holders and carefully plan the migration path to NG 9-1-1.  However, there is no finish line to cross, the technological advancements that are driving NG 9-1-1 will continue to drive the advancement of the 911 system to incorporate more information from an ever increasing set of devices (Olson, 2009). It is incumbent on 911 center managers to begin the planning process not only for NG 9-1-1, but a planning process that will allow for the future evolution of the 911 system.  The recommendations set forth in this document are meant to encourage 911 managers to get involved in the process, and begin making the preparations needed to provide the highest level of service to the citizens of their jurisdiction. 
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