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In the USA Mobile operators are currently mandated to 

provide: 
� Handset based solutions: 50 meters 67% of the time, 150 meters 

95% of the time  

� Network based solutions: 100 meters 67% of the time, 300 meters 

95% of the time. 

There is a requirement that the PSAP operator say 
“hello” to emergency callers within 3-5 s. Location 

information must be available within this time frame. 

When the FCC first mandated for location accuracy, 

location based technologies were in their infancy for 
mobile devices. For instance GPS receivers on mobile 
phones were barely feasible. After 16 years the 

stringent location requirements of wireless E9-1-1 in 
the USA have still only been met in part. Both GPS and 
network based methods, notably UTDOA are needed, 

as one solution will not achieve the accuracy that is 
required in all scenarios. This is despite a spend of 
$billions on the part of mobile operators. Further, 

location for indoors mobile callers continues to be 
problematic, and it is likely that other solutions will be 
required, either RF finger-printing or use of indoor 

beacon networks for example.  

The FCC mandate is currently regarded as achievable 

and realistic by suppliers that we have spoken to in the 
USA. Phase II was deployed from 2000/2001 and 
some tuning and optimisation took place over the 

following years. 

The measurement of compliance to the accuracy of 

location information is still the subject for debate and 
agreement in the USA, as to whether an average or 
fine grain measurement should be used.  

Executive Summary 
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It is anticipated that the FCC will make a ruling such 

that measurements of compliance must be made at the 
county levels. It is also expected that in the future a 

single technology independent location accuracy will 
be mandated, instead of the current bifurcated ruling. 

Our study of the USA’s groundbreaking work in this 

area highlights the following best practices which 
Ofcom may wish to consider further: 

� Involvement of key stakeholders is essential and 
doing this in the planning stage, perhaps before 
Ofcom places any mandate on the mobile operators, 

is essential. Areas for review and agreement 
amongst stakeholders include: 

o The level of public funding and which parts 

of the emergency service infrastructure 
should be publicly funded and how the 
necessary taxes are raised are all key 

issues that should ideally be addressed 
before implementation. 

o Advances in new technology present the 

possibility of improving the levels of 
service provided by the emergency 
services and how different services and 

geographic zones may collaborate and 
support each other. The scope of these 
benefits needs to likewise be agreed up 

front. 

o The USA case study showed that any 
changes should be managed as a 

programme, so that mobile infrastructure 
provision is tied to the availability of 
appropriate systems in the PSAP.  
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o Training of emergency services and also 
communications industry workers is 
essential to ensure that the additional 

information is understood clearly. 
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When the FCC regulated to improve the accuracy of location 

information from mobile emergency callers, known as wireless E9-1-1, 

this set off a nationwide programme of activities. The activities were set 

into Phase I and Phase II.   

The number of stakeholders involved across the provision of such 

services was enormous, ranging from federal, state and local 

government. Other interested Government departments such as the 

Department for Transport (road accidents are still the USA’s biggest 

killer of young people) had key needs to be met. In addition the more 

obvious stakeholders such as the mobile operators, ILECs, CLECs and 

emergency services all faced significant technical and funding 

challenges. 

In parallel with the implementation of the wireless E9-1-1 programme a 

more wide ranging discussion on updating the technology in the 

PSAPs, NG9-1-1, and how to maximise the value of this to the USA 

started up and debate on this continues. 

It should also be noted that during the period under consideration (from 

1994) the USA has been hit by some of its biggest ever disasters, the 

bombing of the twin towers (9/11) and Hurricane Katrina, both of which 

have placed the emergency services and their ability to respond and 

collaborate under great scrutiny. The ability of emergency services 

across different functions (ie police, fire and ambulance) as well as 

geographic zones to collaborate appears to have moved up in the 

agenda since the wireless E9-1-1 mandate was first introduced. 

The wireless E9-1-1 mandate was the first time that such requirements 

had been placed on mobile carriers and emergency services anywhere 

in the world. A wide ranging set of challenges needed to be overcome. 

Key issues fall into one of the following four categories:  

� Funding and organisation of emergency services 

� Location accuracy 

� Mobile operator technical issues 

� PSAP readiness 

Additionally we summarise the rollout and achievements and provide 

some illustrative examples from Florida and Canada. 

1. Introduction 

Timetable of regulation 

1994 FCC-94-102

1997 Basic 9-1-1 All callers including NSI can make emergency 
calls to PSAP

1997
Bnhanced 9-1-1 :Phase I CLI and Cell-ID provided to PSAP

2001 Bnhanced 9-1-1 :Phase II (X,Y) co-ordinates confidence levels
Provided to PSAP

 
 

Source: MM generated 
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Emergency response in the USA has historically been a local 

government responsibility, and so too has emergency communications. 

With the advance of communications these organisational structures 

are challenged.  For example with vast corporate VPNs it is easy for a 

9-1-1 call to get routed to the wrong geographic jurisdiction/zone. 

Similarly mobile users are not tethered to any address and may wander 

throughout their locality, their state or other states. 

The 1999 Wireless Telecom Act encourages States to adopt a single 

point of contact for wireless E9-1-1 implementations. The Act requires 

the FCC to “encourage and support efforts by States to deploy 

comprehensive end-to-end emergency communications infrastructure 

and programs, based on coordinated state-wide plans, including 

seamless, ubiquitous, reliable wireless telecommunications networks 

and enhanced wireless E9-1-1 service.” 

This clearly compels the state to take a greater interest in the 

emergency services. 

It was perceived that an effective implementation of wireless E9-1-1 

would require a coordinated effort by everyone involved in the process. 

A list of public and private sector bodies was drafted, with roles and 

responsibilities agreed. This list was extensive and included: 

� Wireless service providers; 

� E9-1-1 network service providers; 

� Other Customer Premise Equipment (CPE) vendors and support 

service providers; 

� The Federal Communications Commission (FCC) 

� US Department of Transportation (DOT), FEMA and DOJ; 

� National Association of State Nine-One-One Administrators 

(NASNA), and members; 

� National Emergency Number Association and Association of Public 

Safety Communication Officials (NENA and APCO), including 

Chapter Leadership, & members; 

� Cellular Telecommunications and Internet Association (CTIA), and 

members; 

� United States Telephone Association (USTA), and related state 

telephone associations; 

� National Governors Association (NGA); 

� American Association of State Highway Transportation Officials 

(AASHTO); 

� National Conference of State Legislatures (NCSL); 

� National League of Cities (NLC), along with state municipal leagues; 

�  National Association of Counties (NACO), along with state county 

associations; 

2. Funding and organisation of emergency 
services 
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� State Governors, and their respective offices; 

� State legislatures, along with relevant Committee leadership; 

� National Sheriffs’ Association; and 

� Other state and local public safety and health functions and 

associations. 

Funding 

Wireless carriers in the USA collect nearly $2 billion pa of taxes, fees 

and surcharges from wireless consumers for upgrading and 

maintenance of the PSAPs. In addition wireless service providers 

across the USA have spent $billions (of their own money) to modify 

their networks to enable them to identify and locate wireless E9-1-1 

callers.  

The provision of accurate location information was achieved in some 

cases prior to PSAPs having the ability to make use and derive benefit 

from the information. 

Funds have been collected from a taxation added to 

telecommunications subscribers’ bills, in some cases these funds were 

diverted from their planned use and some complaints ensued.  

The amounts of these surcharges in general do not have any principles 

underpinning and justifying the level of taxation and so have come in for 

some criticism.
1
 

The FCC ruled that PSAPs were responsible for recovering costs for 

their own upgrades and enhancements up to the “selective router”, and 

that the wireless carriers were responsible for their costs down to the 

“selective router”.  

States were permitted to reimburse the carriers’ expenses if they 

wanted to. As many as forty states implemented some type of cost 

recovery, but there were wide variances in the amount of the fees, the 

method of applying and collecting the fees, the allowable use of the 

fees, and the administrative oversight of the fee distribution and usage. 

This lack of consistency added to the confusion, ie which costs (of the 

_________________________ 
 

1  ref:Health of the US 9-1-1 system http://www.9-1-

1alliance.org/9IA_Health_of_US_9-1-1%20_2_.pdf 
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wireless carriers) were to be reimbursed by the, state, the PSAP or to 

be self funded. 

In the UK context we do not have to worry about the complexities 

introduced by the Federal levels, however were we to consider the 

problem in the EU context then we would be forced to consider this 

additional level of complexity of stakeholder engagement and impact on 

systems and operational procedures.  
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Location technologies have developed in leaps and bounds largely 

driven by the requirements of the US wireless carriers. Even today one 

technology can not provide the accuracy required reliably in all 

scenarios. 

The scenarios relate to the ability to see “open sky”. For effective GPS 

a clear line of sight is required from the GPS receiver to four satellites. 

The scenarios are: 

� Rural 

� Suburban 

� Urban 

� Dense urban 

� Indoor. 

Initially all CDMA carriers went with A-GPS and GSM carriers with 

network based, largely UTDOA. Later, for example AT&T switched to A-

GPS. The move to use of A-GPS is accelerating within the USA. 

A-GPS can provide the levels of accuracy demanded by FCC, provided 

the terminals are good quality. In urban and city areas, reflections from 

buildings give rise to problems on accuracy levels. Indoor the solution is 

too unreliable. For these reasons most carriers are expected to use A-

GPS as their primary method (it being the most accurate), but with fall 

back in case of failure to a secondary method (network based). 

The  two key technologies currently being used in the USA  are, 

UTDOA (Uplink Time Difference of Arrival) and Assisted-GPS.  

� UTDOA requires the installation of network equipment at the base 

station to determine (triangulate) the position of any handset
2
. This 

is an extremely expensive option for the operator. This worked well 

for GSM and CDMA but some equipment manufacturers struggled 

to achieve the FCC’s requirement for 3G (W-CDMA) networks.  

� A-GPS which relies on GPS chips in the handsets with some 

assistance from the network to improve TTFF. 

Currently approximately 75,000 US base-stations are UTDOA equipped 

(out of a total of 200,000)
3
 

_________________________ 
 

2  UTDOA does not need any special hardware of software in the handset and so current 
and future handsets are supported by this solution) 

3  http://electronicdesign.com/article/communications/ctia-day-2-keynotes-make-for-ctia-
s-crescendo-1863.aspx 

3. Location Accuracy 

Required network changes for 

UTDOA positioning (in yellow) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: Courtesy of Ericsson 
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In practice in the USA (and Canada) the mobile operators are moving 

towards the use of a hybrid positioning technique with A-GPS as 

primary and network based, usually UTDOA as the back-up. 

A hybrid solution is when A-GPS can not find 4 satellites and so uses 2 

satellites and uses 2 additional points extracted from the network, so 

that a combination of methods is used. 

Hybrid solutions do not increase the accuracy but increase the 

reliability(often referred to as yield in the USA). A-GPS produces very 

reliable in rural and suburban areas, as the caller moves into urban and 

dense urban it becomes less reliable and so hybrid allows the accuracy 

levels to be achieved for a greater proportion of the time. There is no 

single solution which provides the accuracy all of the time in all of 

the scenarios. 

These positioning techniques are all currently implemented using the 

control plane architecture for emergency services. 

Use of SUPL 

SUPL (user plane) is used extensively for commercial LBS applications 

in the USA but not for emergency services. 

In the USA fast response (2-3s) on location is required for 9-1-1 calls. 

This is because the selective router must route the call to the correct 

PSAP and the PSAP operator must say hello within 2-3 s. SUPL 

currently uses SMS as its bearer and so response can be fast, as in a 

few seconds but may also be a minute or more. This is too long as in 

USA the PSAP operator must say “hello” within 3-5 s. SUPL tends to 

use A-GPS with Cell-ID. 

The SUPL standards are evolving and although it cannot currently be 

used in emergency services applications a dual plane approach which 

uses SUPL and can also use control plane techniques is evolving. 
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In every case the network based methods deliver accuracy which is not 

as good as with GPS other than in indoor environments.  Various 

network based techniques can be applied to improve accuracy. This 

accuracy gap cannot be quite bridged, even with LTE, where cell size is 

smaller.  

For indoor positioning US operators are currently looking at RF 

fingerprinting techniques. These RF fingerprinting techniques are 

expected to give accuracies of 50-250 m. WiFi RF fingerprinting is also 

used extensively in commercial applications, but it is only as accurate 

as its last drive test, and as operators/owners may move cells this is not 

guaranteed to give a good location. 

3.1 Use of location accuracy by PSAP 

A location, (ie latitude and longitude), a radius and a confidence level 

are given. People are not comfortable with what the confidence level 

means and it is often hard coded to 90% and a bigger or smaller radius 

is provided to reflect the confidence levels.  

It takes 15s to achieve a 90% confidence and if for example only 12s is 

available the confidence is still set to 90% but the radius is set to a 

higher value. (The data may not necessarily be accurate). 

3.2 Compliance measurement of location accuracy 

The FCC specified a statistics based location accuracy, however the 

FCC did not initially specify the area over which the location accuracy 

should be measured and carriers have chosen areas as large as a 

whole state in some cases. In the USA there are still active discussions 

ongoing eg whether an average or fine grain measurement should be 

used to test compliance to the FCC’s regulation on location accuracy. 

The amount of effort involved in measuring the compliance to accuracy 

levels is perceived in some quarters as outweighing the benefits or 

value today.  

The PSAPs are charged with measuring the accuracy, but for example 

may take one call out of many. This is an invalid way to determine 

compliance as the accuracy is given at a statistical level and therefore 

the random selection of one call for location accuracy is invalid.  

Another issue is that the PSAPs do not have in-house relevantly trained 

statisticians and are resorting to expensive consultants to do a 

Required changes for GPS 
 

SMLC
Assistance 
data

Reference
receiver

Reference
data

SMLC
Assistance 
data

Reference
receiver

Reference
data  

Source: Courtesy of Ericsson 
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meaningful statistical analysis for them. This is expensive and is paid 

for from the public purse. 

3.3 Future planning ongoing in the USA 

3.3.1 Elevation  

Network based techniques do not deliver elevation information and 

current GPS techniques can only deliver elevation accuracy in the order 

of 200 m. The reason that elevation is getting more attention in the 

USA, is that attention is moving to indoor location. Some buildings in 

dense urban areas are several stories high and it will become 

necessary to determine which floor a mobile caller is on.To solve the 

elevation problem may require a separate beacon network. Any 

additional network must also be maintained and with no commercial 

driver the cost must fall on the emergency services to maintain this.  

Note that there is currently no technical solution for the determination of 

elevation. 

� NENA i3 comments on the need for this in the future and the fields 

exist in the specification of information handling systems, and can 

be expressed as metres or a civic address.  

� There will be issues with the treatment of elevation 

− reference levels eg sea level need to be specified 

− converting an absolute altitude to a civic address requires some 

smart work in the GIS systems and will require BIMS (Building 

Information Maps)
4
 to determine the right floor. 

Note that the floor can be important in terms of routing the call correctly 

to the PSAP. For example, if the incident is above the 4th floor the call 

must be routed to a PSAP with the capability to deal with tall building 

access. 

3.3.2 Edge versus Core 

There are edge based (ie internet/IETF standards apply) and core 

based (3GPP standards apply) location techniques. Laptops fit into the 

edge based category. 

These devices are not currently covered by the regulation, and demand 

levels are not high even in the USA, however the IETF and NENA i3 

_________________________ 
 

4  This is an example of a non-obvious stakeholder. Effective standards in Building 
Information Mapping Systems could support a more effective emergency services 
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both allude to this. Within the IETF both the ECRIT and GEOPRIV 

groups are working on automatic location standards.  

A SIP client on a laptop used for a service such as Vonage, requires 

user interaction to determine the location, however a dongle offers an 

automatic solution, but it is not yet a regulatory requirement to provide 

this solution. 

It is anticipated however that SIP from an LTE client will be treated 

differently than SIP from a laptop. 

Currently for VoIP enabled mobile devices, for emergency calls, the call 

falls back to a traditional voice solution eg over CDMA or GSM, it is 

thought that this will not be the case for LTE as there will be no legacy 

support. It is thought that the FCC will regulate on this at some point.  

3.3.3 Femto cells 

Deployments have started in the US, there are two location methods in 

use: 

� Each Femto cell has a GPS receiver and as long as it has a sky 

view it gets its own position, no A-GPS is needed 

� The distance of coverage is <50 m for a Femto cell, so most carriers 

will just use the Femto cell position (as determined at registration), 

there is no need to do handset or LMU positioning as the sub 50 m 

satisfies the FCC requirements. This of course assumes that the cell 

remains in the same location as at its registration, or that the owner 

updates the information when/if it is moved. 

Femto cells are still in a state of flux and they are considered by some 

as a nomadic (movable) rather than a mobile device.  As a result, they 

may be treated like VoIP and the IETF positioning techniques may 

therefore be applicable, again latitude, longitude or a civic address may 

be appropriate. 

There are no rules on how Femto cells need to be treated; they are not 

currently regulated in the USA.  

3.3.4 WiFi and WiMAX 

WiFi points are located “everywhere” and are nomadic. The location 

information is generally suspicious as it relies on user input. 

LTE & WiMAX are likely to be deployed within the next 5 years.  
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Cleartalk in the USA are already looking for a 9-1-1 solution for WiMAX. 

3.3.5 Status of GIS 

One company which we spoke to, TCS has a group which works to 

map the cell towers for GIS systems used by emergency services.  

No requests for building layouts have been made yet, although it is 

known that the NENA i3 covers this in its vision. The question is who 

will pay for the information gathering and format changes (everyone 

uses their own format). 
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GPS penetration in the USA is  over  50%, this is all CDMA handsets 

and some GSM handsets. 

LBS in the commercial arena is doing well, but this largely by-passes 

the mobile operators. It is handset based using SUPL solution. 

The following location based service types are available in the USA 

� The Traffic information 

� Enhanced Directory Enquiries 

� Navigational assistance 

� Location based billing 

� Fleet tracking 

� Tourist information 

� Enhanced roadside assistance 

� Stolen recovery 

� Personal location services 

Companies such as TCS offer these as a white label services, in 

addition various Apple store applications offer useful services using 

location information. 

Anecdotal evidence suggests that the uptake of LBS in the USA has 

increased in the last year. 

 

4. Commercial LBS in the USA 



 

15 
271157/TCS//1.0/0 22 April 2010 
ofcomlocation/USA 

 

USA Case Study 
  

5.1 Commercial service technical issues 

The three major GSM carriers (Cingular, T-Mobile, AT&T) in the USA 

selected UTDOA as their location technology (although AT&T Mobility 

later opted for A-GPS solution, due to greater accuracy) whereas 

CDMA networks opted straight away to use A-GPS. 

T-Mobile 

T-Mobile USA supports location aware applications of its Partner 

Network Program. The applications are restricted to specific targeted 

devices that adhere to T-Mobile’s GPS and A-GPS capability. T-

Mobile’s Location Based Services (LBS) framework utilizes the SUPL 

(Secure User Plane Location) infrastructure to enable location 

procedures that can be used by your application. 

Application providers must follow T-mobile’s privacy guidelines and 

CTIA’s best practice. An API is issued to allow the application provider 

to interface to the location information provided by T-mobile. 

T-Mobile USA support J2ME Location API (JSR 179) for devices which 

are location capable, ie must be GPS phone.  

Java based applications limit the roll-out of location based services, 

basically the application cannot be written once for all phones, but for a 

particular phone or particular groups of phones. Java applications also 

eat into the storage of the device, each application needs some 

storage.   

Browser based applications are expected to increase the uptake of 

LBS, particularly for casual/event based use.  

Sprint-Nextel
5
 

Sprint uses the gpsOne system for positioning for E9-1-1and uses Java 

applets and disallows developers apart from its own approved partners. 

Nextel only allows applications to be downloaded from its portal. 

_________________________ 
 

5  Note that Sprint and Nextel have merged 

 

5. Mobile operator technical issues 
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Verizon and Alltel 

Verizon uses Qualcomm’s gpsOne for positioning for E9-1-1. Verizon 

and Alltel both use BREW (a Qualcomm specific language for use with 

CDMA based handsets) for applications but this is more expensive for 

developers, so less likely to result in increased uptake. 

Android 

Android handsets are smart phones but are much lower priced than 

iPhone, Blackberry etc. An Android handset must have a GPS receiver. 

It is anticipated that take up of Android handsets will improve the uptake 

of LBS amongst consumers. 

Verizon 

95% of Verizon’s customers can be located by 9-1-1 operators. Verizon 

encouraged the churn towards GPS enabled handsets in its customer 

base, by a concerted campaign across its sales, customer care and  

advertising to get the safety message across to customers. The Verizon 

website has a handset E9-1-1 Phase II capability checker [19] that 

alerts customers to the potential impact of their choice of handset. 

5.2 Emergency service technical issues 

Telecommunications networks are extremely complicated and highly 

functional, supporting a range the customers’ needs. When rolling out 

any additional infrastructure, problems arise in a number of “special” or 

minority cases. Often the “devil is in the detail” and not all of these 

problems can be effectively pre-empted. A programme to rectify these 

“snags” is ongoing. Below is selection of such issues. 

5.2.1 Roaming 

Obtaining CLI for roamers is one of the hardest things to achieve
6
  

A US PSAP can currently only accept 10 digit mobile numbers so that 

overseas numbers (ie with country code) would not be supported, even 

if CLI could be presented. 

_________________________ 
 

6  EENA E112 is cognisant of this problem 
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5.2.2 Number portability 

The standard number ranges owned by the service providers may be 

used to determine which mobile network the subscriber “belongs” to.  In 

the case of number portability, this is no longer the case. The PSAP 

may be unable to get the names and address of the caller; this is 

because it may be difficult to identify the service provider (as it is no 

longer obvious from the mobile directory number). 

In the USA, carriers using CDMA/TDMA/AMPS needed to install an 

additional database. This was to provide a mapping between the mobile 

identity number and the mobile directory number. Without this database 

the carriers were unable to furnish the PSAPs with the call back number 

required for wireless E9-1-1 Phase I. 

5.2.3 NSI phones (Non-service initiated phones) 

Phones which have never been activated, have been de-activated, 

have no pre-paid credits, or are on a competitor’s network all must be 

able to make 9-1-1 calls. These present problems.  

In the USA roughly 2% of NSI calls are legitimate emergency calls
7
. 

5.2.4 Network Congestion control 

Fixed exchanges maintain at all times capacity for emergency callers. 

The MSC unlike fixed exchanges does not have the software to limit 

outbound calls and hence ensure that emergency calls will always be 

set-up. 

5.2.5 Call handling 

Conflicts in the settings of wireless carriers and ILECs have on 

occasion resulted in inconsistent call handling. 

_________________________ 
 

7  {Non-service initiated phones and 9-1-1 Michigan 2009 Fall 

Forum on Next Generation 9-1-1 and other emerging technologies TCS 

Nov 3 2009} 
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Emergency calls without location information are still happening in the 

US. The volume of calls varies between operators and states but it is 

currently believed that 15-40% of calls have no location information. 

The wireless E-9-1-1 data standards are incomplete and not always 

applied appropriately by carriers and vendors. This also can result in 

problems. 

5.2.6 Excess capacity provisioned by carriers 

The handover point from carriers to PSAPs has in some cases been 

misinterpreted with the result that more trunks than strictly necessary 

are tied up for use by the PSAPs. This results in PSAPs paying for 

infrastructure which strictly speaking they don’t need. 

 



 

19 
271157/TCS//1.0/0 22 April 2010 
ofcomlocation/USA 

 

USA Case Study 
  

At present, the interface between emergency contact centres and 

citizens is primarily voice-based, however there are significant initiatives 

towards ‘Next Generation’, or ‘Enhanced’, 9-1-1 or 112 (E9-1-1 or 

E112). These enhanced emergency numbers will allow public safety 

agencies to integrate 9-1-1/112 with advanced capabilities that would 

allow citizens to send texts, instant messages, images and videos to 

contact centres, which could be used to better prepare first responders 

arriving at the scene of an emergency. The 9-1-1 Emergency Number 

Association in the USA is the standards body working on developing 

these standards.  

Funding of PSAP upgrades in the US was carried out by the addition of 

a tax added to the monthly mobile bill. The government mandated the 

service without selecting any means of funding, this caused delay. 

There are approximately 6,100 emergency 9-1-1 Communications 

Centres (PSAPs) in the United States. (These are gradually adopting 

the capability to use E9-1-1 information) 

Text messages are not currently supported for 9-1-1 services.  

For wireless hotspots the location information passed to the PSAP is 

the address given at registration, so it is the consumer’s responsibility 

to keep this up to date. This is viewed as less than satisfactory as it 

cannot be guaranteed. 

For wireless E9-1-1 Phase I, carriers were required to provide to the 

PSAPs the call-back number and the location of the cell site/ sector 

receiving the 9-1-1 call. 

For wireless E9-1-1 Phase II, the wireless carriers were required to 

provide the estimated latitude and longitude (“X-Y coordinates”) of the 

emergency caller’s device to the PSAPs. 

6.1 Current status of PSAP systems  

The USA has chosen to upgrade its existing PSAP solution. This has 

involved making the minimum changes possible. This just supports the 

requirements as laid down by the FCC. Location is provided as a 

latitude or longitude or could be an address (civic location). 

Carriers must determine which PSAP to direct the call to automatically, 

using the selective router. The US does not have a “manned” call 

handler as there is in the UK stage 1 PSAP (ie BT, C&W in their role as 

6. PSAP status and vision 
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Call Handling Agents). The mobile operators can access the ALI 

database directly.
8
  

 

USA’s PSAP Solution for wireless E9-1-1 
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Source: Based on a diagram from “Health of the US 9-1-1 system” 

Most cells are provisioned either as a longitude, latitude pair or a civic 

address the operators use cell based routing (this is to avoid liability), 

even though the precise location of the caller is known. The cell based 

routing is viable and gives reliable, repeatable routing to the correct 

PSAP. (Primary PSAPs support the determination of whether or not the 

caller needs police, fire, ambulance service, there are some secondary 

PSAPs which are “uni-service”.) The longitude and latitude of the caller 

is not converted to a postal address by the carrier, but provided to the 

PSAP. 

To support VoIP calls a similar but additional upgrade is necessary, as 

illustrated below. 

_________________________ 
 

8  This  is different than in the UK. The Canadian model is more like the UK model 
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US PSAP solution for VoIP 
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Source: Based on a diagram from “Health of the US 9-1-1 system” 

Until 2009 PSAPs in the USA could not accept SMS alerts (except in 

some workarounds), similarly not all had the capability to accept 

(automatically) the additional mobile location information of emergency 

callers.  

As part of NG9-1-1 a programme of activities is being considered to 

bring the whole emergency services infrastructure up to date. There are 

proposals from NENA that would involve a new IP-enabled network and 

systems, changes in operational procedures, training, funding models, 

and state and federal regulations and laws. (see section 8.1 NENA’s 

vision) 

The proposed new PSAPs should be able to act as back-ups for each 

other when one zone is overwhelmed such as due to a major disaster.
9
 

_________________________ 
 

9  [Ref Emergency Communications: The Future of 9-1-1, Linda 

K. Moore Specialist in Telecommunications Policy June 16, 2009]. 

 



 

22 
271157/TCS//1.0/0 22 April 2010 
ofcomlocation/USA 

 

USA Case Study 
  

6.2 Location equipment rollout timescales and efforts 

Deploying the new technology to a PSAP or cell site is usually efficient, 

however interconnecting to legacy selective router (provided by ILECS) 

and infilling legacy databases causes delay. 

A geographic area can be completed in 60 days, however if legacy 

parts were done faster this could by 15 days. 

The ILECs have improved their efficiency, although are still slow. The 

PSAPs are also a bottleneck as they must fill in the request forms and 

get testing organised.  

In the US where a PSAP has had no previous experience of wireless 

carriers and location routing training is needed, for example, a visit with 

a map with an explanation of the meaning of the information to them is 

necessary. 
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The Federal Communications Commission (FCC) issued FCC 94-102 

in October 1994, with the order published in July 1996. A number of 

challenges delayed the implementation. Due to these delays the FCC 

commissioned a report, known as the Hatfield Report, which was 

submitted to the FCC on October 15, 2002. 

Observations made in the report were: 

� The critical nature of location information in E 9-1-1 in supporting 

first responders in emergencies. 

� The “seriously antiquated” condition of the infrastructure that 

underlies 9-1-1 for both wireline and wireless emergency calls.
10

 

� The need for a national 9-1-1 office to act as a “champion” at the 

federal level. 

A follow-up report was commissioned by the FCC in 2005 and later 

abandoned, Dale Hatfield testified before congress in 2007 and the 

most recent update, which this expert has been involved in, focuses 

primarily on the PSAP issues. These are summarised below: 

� PSAPs in USA still use MF in-band signalling between the E9-1-1 

call routing centre (called control office in USA) and PSAP. This 

signalling system delays call set-up time and limits the information 

that can be passed to the PSAP from emergency callers.
11

  

� Wireless Phase I was supported by having Mobile Switching 

Centres (MSCs) use a pseudo number associated with the 

site/sector from where the 9-1-1 call was made to make a call into 

the E91-1 call routing centre (control office). 

� A similar approach is used for Phase II and for VoIP, (in the case of 

VoIP relying on the end user for their pre-programmed location) 

− These modifications have been extremely cost effective, 

extending the lifetime of the PSAP assets; however this leaves 

the US emergency services with certain limitations going 

forwards and seems to still be the subject of fierce debate. 

� The PSAP cannot support sending of photos, videos or text 

messages. 

− The PSAP cannot therefore support gathering of multimedia 

information for onward distribution 
12

 

� PSAPs often only have a single router, and so the system has a 

Single Point Of Failure.
13

  

_________________________ 
 

10  The PSAP infrastructure 

11  (In UK we are not quite this far behind, we use ISDN which has independent 
signalling channel, ie D-channel, in UK D-channel conveys, zone code and later X,Y) 

12  In the UK we may wish to distribute video to gold, silver and bronze commands 

13  This is not the case in the UK 

7. Roll-out 
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� PSAPs may be unable to back each other up if this router fails 

� Information taken by one PSAP cannot be automatically forwarded 

to another PSAP in the event that this is required 

� Connection between the ALI database and PSAP could be a low 

speed dial-up connection, which can delay response 

� FCC focussed much of its effort on the carrier side of the problems, 

having no jurisdiction on the PSAP side 

� It is possible with new technology to move the call routing 

functionality backwards to the access networks thus introducing 

greater competition and removing the bottleneck from ILECs, 

CLECs 
14

 

� As it is hard for PSAPs to collaborate multilingual support could be 

compromised.
15

  

Funding issues are perceived as slowing the adoption of NG9-1-1 

PSAPs. 

Mobile operators continue to develop their positioning systems, with the 

focus switching to indoor solutions, this is expected to raise the profile 

of achieving an elevation reading. 

The programme of PSAP upgrades is continuing.     

7.1 Costs 

In considering the costs and cost-benefit analysis the critical question to 

ask is: 

“Have expectations of safety, security, emergency service response 

risen to the point where extra investment to upgrade is unavoidable?” 

In USA, and Japan the accuracy improvements were driven by a 

perceived public safety case. 

There is also an element to be considered as to whether the FCC 

mandate has provided an impetus for the development of LBS and 

hence whether or not the USA has derived some economic benefit. 

Certainly its providers of location equipment and services have an 

advantage over European suppliers, in terms of product maturity. 

_________________________ 
 

14  BT and C&W in UK are not regarded as a bottleneck in the same way 

15  This is less of a problem in USA with just Spanish and English than it would be in 
Europe, with our plethora of languages 
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7.1.1 Carrier Costs 

US operators have incurred costs of equipment in the network and 

some handset churn costs. 

Within CDMA operators GPS handset penetration is about 98% (they 

were mandated to swap out). 

Verizon wireless is believed to use 18 months as the lifespan of a 

mobile phone, so within 5 years approximately 100% churn would be 

expected. 

To understand the cost elements in the network, in the USA there were 

two implementation “types”: 

� For CDMA networks an MPC and a PDE are required 

� For GSM a PDE and SMLC/GMLC combination are required, this 

allows handset based positioning,  

− if then network based positioning is also required LMUs must be 

deployed at each cell site, this is where the capital costs start to 

increase.  

From the limited cost information that we were able to get, an LMU 

would cost a $5-7000 for each cell site.  In one example, a hosted PDE 

was installed by one wireless carrier and a team of 50 installed and 

implemented it taking 9-12 months.  

7.1.2 Sharing of mobile location equipment 

It is feasible that a PDE can be logically separated so that the core 

element of the PDE can be shared across carriers. 

An LMU can in theory be shared by more than one operator, although 

this did not happen in the USA to date. This was due to a combination 

of reasons: 

� Liability, if LMU failed and a location could not be provided. Who 

would be liable? 

� Unwillingness to share of network and / or customer information.  

7.1.3 PSAP costs 

Some $5.4 m was spent on upgrades to just 74 PSAPs in the initial 

round of funding. Extrapolating we could surmise that the 

enhancements needed to allow PSAPs to support wireless E9-1-1 may 

have cost as much as $ 33,000 million, but this is only an extrapolation. 
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Note that this figure largely excludes spend for indoor positioning 

readings and also does not permit emergency services to take 

advantage of the benefits of modern technology, such as receipt of 

medical files, photos from incidents etc. 

It may not be obvious, but in the case of VoIP, especially for multi-

tenanted business buildings the location information could be populated 

by a multitude of organisations, which left unmanaged would result in 

multiple formats for locations, which will add delays, increase 

propensity of database errors and add cost. This is to be avoided if 

possible. 
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The original FCC rules envisioned completion of wireless E9-1-1 

implementation by October 2001. This was not achievable due to the 

immense complexity both for the mobile carriers and the PSAPs and 

the requirement for collaboration across a huge group of stakeholders. 

The industry worked together to come up with a new more achievable 

timetable. 
16

 

Currently 95% of Verizon customers have a GPS handset. This has 

been achieved by a concerted effort on the part of the carrier across 

marketing and sales and customer care departments. The relatively 

high penetration of GPS handsets means that not only can the more 

accurate GPS measures be used in most cases where geography 

permits, but that these handsets can support low cost fingerprinting of 

the mobile operators’ cells. 

In 2002 only 33 out of 3,136 US jurisdictions had wireless call location 

capability (wireless E9-1-1) U.S. Department of Transportation (DOT) 

revealed that in May 2003 this had increased to 643. 

To ensure that mobile operators do not spend money before any 

benefits can be derived, PSAPs cannot request greater accuracy of 

location information from the wireless carrier if they are not capable of 

processing this information. 

In the case of network-based solutions, the wireless carrier must 

provide Phase II service for at least 50 percent of the PSAP’s coverage 

area or population within the six month period, and for 100 percent of 

the PSAP’s coverage area or population within 18 months. The PSAP is 

under obligation to have completed its own upgrades within the same 

six-month timeline imposed upon the wireless carrier. 

Knowledge transfer between PSAPs was encouraged by getting early 

adopters to share their experiences. PSAPs also wrote a guidebook to 

share.
17

 

The FCC mandate has driven the technology and now the penetration 

of GPS handsets is such that serious consideration is given to RF 

_________________________ 
 

16  In the UK we should not anticipate such a protracted timescale as we have the 
benefit of the USA’s learning and the UK is relatively small, with only 200 PSAPs 
and potentially fewer stakeholders. 

17  Ref: U.S. Department of Transportation Wireless E9-1-1Initiative Priority Action 
Plan, 2003 

 

8. Achievements 
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fingerprinting techniques that may allow location accuracy to be 

achieved in indoor as well as in clear sky conditions. The development 

of UTDOA, OTDOA and other networks based positioning methods are 

directly as a result of this. 

8.1 NENA’s vision (National Emergency Number Association) 

NENA has carried out considerable development work in the 

specification and standards of an end-end emergency services 

communications systems.
18

 “  

NENA i3 sets out a vision (which was sorely needed), it will not solve 

every problem, but its aim is to give guidance, for example, any PSAP 

could use NENA i3 and track a migration path from where they currently 

are, to the target in small steps, so that when they update they can use 

the most appropriate technology and work towards the target. Counties 

in the US are already issuing RFPs with NENA i3 type requirements in 

them. It will be many years before PSAPs “look like NENA i3” 

Further, NENA envisions NG9-1-1 systems providing PSAPs the ability 

to supply first responders with information such as building plans and 

patient medical files, all while enabling coordination between 

jurisdictions and across borders. This is to support better, more 

effective first response to emergencies. 

NENA has standardised formats for:  

� Automatic Location Identification (ALI) data exchange between 

Service Providers and Data Base Management System Providers  

� a GIS data model 

� a Data Dictionary 

� and formats for data exchange between the ALI Database and 

PSAP Controller equipment 

NENA advocates the use of one of two common protocols (KERMIT 

and NDM) for use in the near term, as a migration path and with a move 

toward TCP/IP. Interfaces will be XML based. 

They identify 7 new classes of service (mostly relating to VoIP call 

types) and support up to and including wireless E9-1-1 Phase II.  

_________________________ 
 

18  Detailed Functional and Interface Specification for the NENA i3 Solution – Stage 
3” 
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Address formats are defined (This saves on wasted time and supports 

cheaper automation of address sharing across emergency services, ie 

they all use the same standard).
19

  

The standard supports dynamic update of ALI database (for mobile 

callers the location needs to be updated at the time of the call). The ALI 

can also hold location information for corporate users in multi-tenanted 

buildings and complexes, - this removes the cost (and risk) associated 

with corporates and landlords managing their own building/VPN specific 

location information.  

The GIS standardisation dictates a minimum set of attributes that 

PSAPs should support to enable interchange of geographic information 

between PSAPs. It enables elevation as well as longitude and latitude, 

and use of either NAD83 or WGS84 co-ordinate systems to be used. 

Reasons for the NENA recommendations: 

� Minimise costs incurred in providing E9-1-1 data base services. 

� Ensure timely activation of E9-1-1 data base systems. 

� Ensure consistent provision of ALI data. 

� Enable data compatibility for system integration of E9-1-1 products 

and services. 

� Minimise set-up time 

A functional entity model is defined by NENA to support both wireless 

and wireline and VoIP. Re-produced in table below. 

Table 8.1: NENA i3 functional entity model 

Functional 
Entity #  

Functional Entity Type  Wireline  Wireless  VoIP i2  

FE-1  Detection  Yes  Yes  Yes  

FE-2  E9-1-1 Call Processing  Yes  Yes  Yes  

FE-3  Selective Routing Determination 
(SRDB)  

Yes  Yes  Yes  

FE-4  Default Routing  Yes  Yes  Yes  

FE-5  Alternate Routing  Yes  Yes  Yes  

FE-6  PSAP  Yes  Yes  Yes  

FE-7  Call Transfer  Yes  Yes  Yes  

FE-8  Call Back  Yes  Yes  Yes  

_________________________ 
 

19  In the UK many address standards are in use, and this can only reduce 
productivity levels. 



 

30 
271157/TCS//1.0/0 22 April 2010 
ofcomlocation/USA 

 

USA Case Study 
  

Functional 
Entity #  

Functional Entity Type  Wireline  Wireless  VoIP i2  

FE-9  Receipt of Call Information  Yes  

Static – provisioning 
process  

Yes  

Dynamic – 
MPC  

Yes  

Dynamic –  

VPC  

FE-10  Storage of Permanent and Transient 
Call Information  

Yes  Yes  Yes  

FE-11  Call Information Query  Yes  Yes  Yes  

FE-12  Call Hold  Sometimes  No  No  

FE-13  Ring Back  Sometimes  No  No  

FE-14  Route Determination  Yes  

Static – provisioning 
process  

Yes  

Dynamic – 
MPC  

Yes  

Dynamic – 
VPC/ERDB  

FE-15  Address Validation  Yes  No  Yes  

FE-16  Location Information Server  No  No  Yes  

FE-17  Media Gateway  No  No  Yes  

FE-18  Caller Location Determination  No  Yes  Yes  

 

8.2 Developments for VoIP solutions 

One side effect of such stringent regulations and laws are that products 

are now being developed for VoIP products. 

The key benefits of VoIP systems (eg extension mobility and ease of 

setting up branch sites using internet connections) have a detrimental 

effect on location identification. The consequence is that when a 9-1-1 

call is made from a VoIP PBX the location information presented to the 

9-1-1 operator can be misleading. 

Some VoIP systems support the identification of room, office, floor and 

building details in addition to the civic address and present this 

information to the 9-1-1 operator. ConneXion has developed one such 

product. 

 

8.3 Commercial achievements 

According to ABI research in 2008 there were 18m subscribers to 

handset based location services and two-thirds  of these were in USA.
20

 

_________________________ 
 

20  http://www.abiresearch.com/research/1000822-Mobile+Location+Based+Services 

 



 

31 
271157/TCS//1.0/0 22 April 2010 
ofcomlocation/USA 

 

USA Case Study 
  

Assuming that only USA, Japan and Korea were offering these as 

commercial services puts the penetration rate at 3.9 % in USA, 

compared to 3.42% across Japan and Korea. 

8.4 Development of IETF standards 

The IETF is in the process of developing standards to automate the 

location of IP devices, It is possible to determine the location of an IP 

address, by country, by town and depending on the ISP by exchange. 
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The examples below from Florida illustrate how emotive the issue of 

emergency services provision can be. 

9.1 Florida  

Florida took 15 million 9-1-1 calls in 2007 but received adverse publicity 

due to just two high profile failures, which resulted in tragic outcomes.  

Case 1 

Denise Amber Lee, a 21-year-old mother of two young sons, was able 

to place a 9-1-1 call from her abductor’s cell phone while she was a 

prisoner in his car. Another driver who saw her in the car while driving 

suspected a crime was in progress and also called 9-1-1. Both calls 

were answered. 

Only some of the units that could have been dispatched to save Mrs. 

Lee were actually dispatched. A call taker having received the 

information failed to send the details on to law enforcers. Denise 

Amber’s body was later recovered, and it was believed that this death 

was preventable if the message had got to nearby law enforcers. 

Case 2 

Olidia Kerr Day called 9-1-1 to report that she was being pursued by a 

man she believed intended to kill her. She was trying to drive to the 

Police Station for help, but could not find it and asked the call taker for 

directions. 

The call-taker neither tried to help Day find the station nor dispatched 

units to help her. Day managed to find the station, but was shot and 

killed before she could enter the building. 

In both of these incidents a 9-1-1 call was successfully made, however 

the appropriate help was not dispatched.   

An independent inquiry noted the following: 

� Florida has no one authority to monitor how effectively calls for 

emergency assistance are handled, and has no statewide data to 

assess error rate, response time or any other measure of the 

delivery of service. 

� Florida underfunds its 9-1-1 system. It is in the lower third of all 

states, fee collections are declining, and it pays less than two-thirds 

of the cost of 9-1-1 service, leaving the rest to counties.  

9. North American examples 
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� Florida's 9-1-1 calls are answered in 258 call centres, all with their 

own standards for training, protocol and equipment.  

� Florida's coordination of equipment used for emergency response is 

incomplete and hinders seamless communication throughout the 

state. 

� Florida does not have a “seamless end-to-end 9-1-1 system,” but a 

patchwork of agencies, protocols and technologies to respond to 9-

1-1 calls.  

9.2 Canada  

In February 2009, the Canadian Radio-television Telecommunications 

Commission (CRTC) issued Telecom Decision 2009-40, requiring 

implementation of Phase II E9-1-1 services with a deadline of February 

2010. 

Canada’s emergency services community carried out an upgrade to 

provide the location of mobile emergency callers to all Canadian 

PSAPs. The rollout required wireless service providers, fixed carriers 

and PSAPs to collaborate. Today 121 out of the 130 PSAPs across 

Canada can support wireless E9-1-1 Phase II.  

The CRTC created the Emergency Services Working Group (ESWG) 

10 years ago. ESWG is responsible for researching, developing and 

working on emergency services in Canada.  

Telus mobility, which operates a national wireless network, spent $17m 

on the necessary upgrades. Telus has approximately 10,000 cell sites 

and so is comparable with a UK mobile operator in this respect. The 

carriers have implemented a combination of A-GPS and network based 

techniques for positioning. 

Canada did not impose any accuracy standards on the wireless 

operators.  

The NET 9-1-1 Improvement Act of 2008 (P.L. 110-283)—required the 

preparation of a National Plan for migrating to an IP-enabled 

emergency network
21

. 

_________________________ 
 

21  The Future of 911 Linda K. Moore Specialist in Telecommunications Policy June 
16, 2009 
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FCC are expected to revisit the location accuracy in the mid term future.  

This is not expected in 2010 because they are too busy with the 10-20 

year broadband vision. 

As part of this revisit, they are expected to favour an “automatic” 

location derivation for nomadic laptops, for example the Canadian 

regulator is not allowing user provisioned location data to be used.  

10. Future regulation 
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Abbreviation Meaning 

APCO Association of Public safety Communications  
Officials  

API Application Programming Interface 

DOJ Department of Justice 

CTIA Cellular Telecommunications and Internet 
Association 

CLEC Competitive Local Exchange Carrier 

FEMA Federal Emergency Management Association 

IETF Internet Engineering Task Force 

ILEC Incumbent Local Exchange Carrier 

PSAP Public Safety Answering Point 

NENA National Emergency Number Association 

 

11. Glossary 


