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NENA  

TECHNICAL STANDARD DOCUMENT  

 

NOTICE  

 

The National Emergency Number Association (NENA) publishes this document as a guide for the 

designers and manufacturers of systems to utilize for the purpose of processing emergency calls.  It is 

not intended to provide complete design specifications or to assure the quality of performance of 

such equipment. 

 

NENA reserves the right to revise this NENA TECHNICAL STANDARD DOCUMENT (TSD) for 

any reason including, but not limited to: 

 conformity with criteria or standards promulgated by various agencies 

 utilization of advances in the state of the technical arts 

 or to reflect changes in the design of equipment or services described herein. 

 

It is possible that certain advances in technology will precede these revisions.  Therefore, this NENA 

TSD should not be the only source of information used.  NENA recommends that readers contact 

their Telecommunications Carrier representative to ensure compatibility with the 9-1-1 network. 

 

Patents may cover the specifications, techniques, or network interface/system characteristics 

disclosed herein.  No license expressed or implied is hereby granted.  This document shall not be 

construed as a suggestion to any manufacturer to modify or change any of its products, nor does this 

document represent any commitment by NENA or any affiliate thereof to purchase any product 

whether or not it provides the described characteristics. 

 

This document has been prepared solely for the use of E9-1-1 Service System Providers, network 

interface and system vendors, participating telephone companies, etc. 

 

By using this document, the user agrees that NENA will have no liability for any consequential, 

incidental, special, or punitive damages arising from use of the document.  

 

NENAôs Technical Committee has developed this document.  Recommendations for change to this 

document may be submitted to: 

 

National Emergency Number Association 

4350 N Fairfax Dr, Suite 750 

Arlington, VA 22203-1695 

800-332-3911 

or: techdoccomments@nena.org 

mailto:techdoccomments@nena.org
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1 Executive Overview 

Major changes in the existing emergency services architecture are being driven by the rapid 

evolution of the types of devices and services that can be used to call for help. Also there is an 

increasing volume and diversity of information that can be made available to assist PSAPs and 

responders in an emergency. NENA recognizes this is a fundamental update to the North American 

9-1-1 system, and is addressing the challenge with a system design called ñNext Generation 9-1-1ò 

(NG9-1-1). NG9-1-1 is the evolution of Enhanced 9-1-1 to an all-IP-based emergency 

communications system. This technical specification, commonly referred to as i3, is the first version 

of the NG9-1-1 system design. 

NENA i3 introduces the concept of an Emergency Services IP network (ESInet), which is designed 

as an IP-based inter-network (network of networks) shared by all agencies which may be involved in 

any emergency. The i3 Public Safety Answering Point (PSAP) is capable of receiving IP-based 

signaling and media for delivery of emergency calls conformant to the i3 standard. 

This edition of the i3 standard specifies that all calls enter the ESInet using Session Initiation 

Protocol (SIP) signaling. The PSAP is selected using the Emergency Call Routing Function (ECRF), 

and calls are delivered to the PSAP with location and callback information. It further specifies that a 

Location Validation Function (LVF) must be applied by the origination network to validate location 

prior to the origination of 9-1-1 calls. 

The i3 document references several types of originating networks that could be used to deliver calls 

to an ESInet, including legacy circuit-switched networks (wireline or wireless). Those must undergo 

mediation via a gateway to convert the incoming signaling to SIP. In addition, functionality must be 

applied to legacy emergency calls to acquire location and use the information obtained in call setup 

signaling to route a call to the PSAP. These originating networks are shown for reference only and 

are explicitly out of scope for this document. 

NG9-1-1 encourages the creation of many new coordination and information access services to 

enrich collaborative interactions between all agencies involved in processing emergency service 

requests. A Service-Oriented Architecture (SOA) approach has been selected to facilitate the 

development of those. 

This document describes the relationship between NENA standards and standards from other 

Standards Development Organizations (SDOs) such as the IETF and 3GPP/3GPP2. The application 

of IMS architecture concepts may appear in the originating network/domain, and as an instance of an 

IMS-based ESInet. A generic SIP and an IMS-based ESInet are described in this version. 

This document is issued as the NENA recommended standard for functions and interfaces between 

elements within an ESInet. It provides a Stage 2 definition to include 1) interactions between 

origination networks and the ESInet, 2) functional requirements and their interactions within an 

ESInet and 3) call delivery to a public safety agency such as a PSAP. The present document also 

illustrates an example of an i3 physical architecture to provide context for the functional interactions. 
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2 Introduction  

2.1 Operational Impacts Summary 

The i3 specification encompasses a complete redesign of the entire 9-1-1 system, affecting all 

elements, protocols, processes and procedures.  It will have far reaching impacts on all participants in 

the 9-1-1 system. 

This document reflects the long-term view that the networks that connect the PSAP to callers and to 

other PSAPs and responders will evolve to be IP-based. 

Location of the caller (or a reference to it) will be conveyed with the call, so that routing can be 

accomplished dynamically along the path of the call from the caller to the call taker, and so that 

location is available as soon as the call is answered. 

Location within the 9-1-1 system will be regularized, and made conformant with other users of 

location (for example, URISA standards).  All elements will support both civic and geodetic forms 

of location. 

Selective Routers will not be used when the network completes its evolution to i3; IP-based calls 

will be delivered directly to the PSAP and calls from other technologies will have gateways between 

their networks and the IP-based ESInet. 

Emergency Services Zones (ESZ) and corresponding Emergency Services Numbers (ESN) as 

currently known will be eliminated.  Routing to any number of response agencies based on the 

location of the caller will be supported. 

2.2 Document Terminology  

The terms "shall", "must" and "required" are used throughout this document to indicate required 

parameters and to differentiate from those parameters that are recommendations.  Recommendations 

are identified by the words "desirable" or "preferably".    

2.3 Reason for Issue/Reissue 

This document is issued to define a specification describing the functionality supported by elements 

within an IP-based ESInet and the interconnection of these functional elements.  This version (Issue 

1.0) of the Functional and Interface Standards for Next Generation 9-1-1 (i3) is intended to be used 

in SDO liaisons, and Request for Information (RFI)-like processes. The NENA LTD Working Group 

plans to release subsequent versions of the Standard as new work items are identified and resolved. 

NENA reserves the right to modify this document.  Upon revision, the reason(s) will be provided in 

the table below. 

Version Date Reason For Changes 

Original 12/18/2007 Initial Document 
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2.4 Date Compliance 

All systems that are associated with the 9-1-1 process shall be designed and engineered to ensure that 

no detrimental, or other noticeable impact of any kind, will occur as a result of a date/time change up 

to 30 years subsequent to the manufacture of the system.  This shall include embedded application, 

computer based or any other type application.   

To ensure true compliance, the manufacturer shall upon request, provide verifiable test results to an 

industry acceptable test plan such as Telcordia GR-2945 or equivalent. 

2.5 Anticipated Timeline    

As this is a major change to the 9-1-1 system, adoption of this standard will take several years.  

Experience with the immediately prior major change to 9-1-1 (i.e., Phase II wireless) suggests that 

unless consensus among government agencies at the local, state and federal levels, as well as 

carriers, vendors and other service providers is reached, implementation for the majority of PSAPs 

could take a decade.  The Long Term Definition (LTD) working group chose technology 

commensurate with a 2-5 year implementation schedule. 

2.6 Costs Factors 

This is an all-new 9-1-1 system; the cost of everything will change.  At this time it is difficult to 

predict the costs of the system and more work will be needed by vendors and service providers to 

determine the impact of the changes on their products and operations.  One viewpoint within the 

LTD working group was that the cost of the new system will be significantly less than the cost of the 

existing system, although in the transition from the existing system to the new one, duplicate 

elements and services will have to be maintained at a higher overall cost.  Another viewpoint was 

that costs may not be reduced, but the improved service to the public justifies these costs.  The 

charge to the LTD working group was to NOT consider cost in making technical decisions.  

Nevertheless, due to the pragmatic experience of the participants, the document tended to consider 

cost as one of the variables in making choices.  Estimating the cost to deploy the entire NG9-1-1 

system is the purview of other groups within NENA. 

2.7 Cost Recovery Considerations 

Traditionally, much of the cost of the existing E9-1-1 Service Provider infrastructure has been 

supported through the collection of fees and surcharges on wireline and wireless telephone service. 

Changes in the telecommunications industry has caused the basis on which the fees and surcharges 

are collected to be rendered obsolete, and the architecture described in this document further sunders 

the assumptions on which the current revenue streams are based.  This document does not make 

recommendations on how funding should be changed, but believes a change from the traditional 

mechanisms is required. 
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2.8 Acronyms/Abbreviations/Definitions   

This is not a glossary. See NENA 00-002 - NENA Master Glossary of 9-1-1 Terminology located on 

the NENA web site for a complete listing of terms used in NENA documents.   

  

The following Acronyms are used in this document: 

Acronym Description 

3GPP 3
RD

 Generation Partner Project 

3GPP2 3
rd

  Generation Partnership Project 2 

AAA Authorization, Admission and Accounting 

AES Advanced Encryption Standard 

AIP Access Infrastructure Provider 

ANI  Automatic Number Identification   

ANS American National Standard  

ANSI American National Standards Institute 

AoR Address of Record 

APCO Association of Public Safety Communications Officials 

ATIS Alliance for Telecommunications Industry Solutions 

ATIS-ESIF Alliance for Telecommunications Industry Solutions ï Emergency Services 

Interconnection Forum 

B2BUA Back to Back User Agent  

BCF Border Control Function   

CAD Computer Aided Dispatch 

CAMA Centralized Automatic Message Accounting 

CAP Common Alerting Protocol 

CPE Customer Premises Equipment 

CRL Certificate Revocation List   

CS Circuit Switched 

CSCF Call Session Control Function   

CSP Communication Service Provider  

DHCP Dynamic Host Control Protocol (i2) Dynamic Host Configuration Protocol 

DNS Domain Name Server (or Service or System) 

DoS Denial of Service   

DSL Digital Subscriber Line 

E9-1-1 Enhanced 9-1-1 

ECRF Emergency Call Routing Function 

ecrit Emergency Context Resolution In  the Internet  

E-CSCF Emergency Call Session Control Function   

EISI  Emergency Information Services Interface   

EPAD Emergency Provider Access Directory   

ESNI Emergency Services Network Interfaces   
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The following Acronyms are used in this document: 

ESIF Emergency Services Interconnection Forum 

ESInet Emergency Services IP Network 

ESMI Emergency Services Messaging Interface   

ESN Emergency Service Number, Electronic Serial Number, Emergency Service 

Network 

ESNet Emergency Services Network   

ESQK Emergency Services Query Key 

ESRK Emergency Services Routing Key 

ESRP Emergency Services Routing Proxy 

ESZ Emergency Services Zone (Same as ESN)   

FCC Federal Communications Commission 

geopriv Geolocation and Privacy  

GSM Global Standard for Mobile Communication 

GUID Globally Unique Identifier   

HSS Home Subscriber Server  

IETF  Internet Engineering Task Force 

IM  Instant Messaging   

IMS IP Multimedia Subsystem   

IP Internet Protocol 

IP-CAN IP Connectivity Access Network   

IP-PBX Internet Protocol Private Branch Exchange 

IPSec Internet Protocol Security 

ISDN Integrated Services Digital Network 

ISP Internet Service Provider 

LAN Local Area Network  

LDAP Lightweight Directory Access Protocol  

LIS Location Information Server 

LO Location Object 

LoST Location to Service Translation   

LRF Location Retrieval Function   

LTD Long Term Definition   

LVF  Location Validation Function   

MEP Message Exchange Pattern 

MPC/GMLC Mobile Positioning Center/ Gateway Mobile Location Center 

MSC Mobile Switching Center   

MF  Multi -Frequency  

MPLS Multi -Protocol Label Switching 

MSAG Master Street Address Guide 

MSC Mobile Switching Center 

NCIC National Crime Information Center, National Crime Enforcement Center 

NENA National Emergency Number Association  
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The following Acronyms are used in this document: 

NG9-1-1 Next Generation 9-1-1 

NGES Next Generation Emergency Services   

NGN Next Generation Network   

OASIS Organization for the Advancement of Structured Information Standards  

P-CSCF Proxy Call Session Control Function   

PCA PSAP Credentialing Agency   

PDA Personal Digital Assistant 

PIDF  Presence Information Data Format 

PIDF-LO Presence Information Data Format ï Location Objects 

PKI Public Key Infrastructure    

PRF Policy Routing Function   

PSAP Public Safety Answering Point or Primary Public Safety Answering Point 

PSTN Public Switched Telephone Network 

PTSC Packet Technologies and Services Committee 

QoS Quality of Service 

RBAC Role Based Access Control profile  

RDF Routing Determination Function  

REST Representational State Transfer    

RG Response Gateway, Routing Gateway   

RTCP Real Time Control Protocol 

RTP Real Time Transport Protocol 

RTSP Real Time Streaming Protocol   

S-CSCF Serving Call Session Control Function   

SAML Security Assertion Markup Language    

SBC Session Border Control  

SDO Standards Development Organization 

SDP Session Description Protocol   

SHA Secure Hash Algorithm   

SIP Session Initiation Protocol 

SMS Short Message Service   

SOA Service Oriented Architecture   

SOAP Simple Object Access Protocol 

SPML Service Provisioning Markup Language   

SR Selective Routing, Selective Router [a.k.a., E9-1-1 Tandem, or Enhanced 9-1-1 

(E9-1-1) Control Office] 

SS7 Signaling System 7 

TCP Transport/Transmission Control Protocol 

TDM Time Division Multiplexing  

TLS Transport Layer Security 

TN Telephone Number 

TOPS Technology and Operations Council  
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The following Acronyms are used in this document: 

TRD Technical Requirements Document 

TTY Teletypewriter (a.k.a. TDD, Telecommunications Device for the Deaf and Hard-

of-Hearing) 

UA User Agent 

UAC User Agent Client 

UAS User Agent Service 

UDDI Universal Description, Discovery and Integration 

UDP User Datagram Protocol 

UE User Element   

URI Uniform Resource Identifier 

URISA Urban and Regional Information Systems Association   

URN Uniform Resource Name  

USPS United States Postal Service 

UTC Universal Coordinated Time   

VF Validation Function 

VPN Virtual Private Network 

VoIP Voice over Internet Protocol 

WSDL Web Service Definition Language 

WSS Web Services Security   

WTSC Wireless Technologies and Systems Committee   

XACML eXtensible Access Control Markup Language      

XML eXtensible Markup Language  

XSD W3C XML Schema Definition 

2.9 Intellectual Property Rights Policy 

NENA takes no position regarding the validity or scope of any Intellectual Property Rights or other 

rights that might be claimed to pertain to the implementation or use of the technology described in 

this document or the extent to which any license under such rights might or might not be available; 

nor does it represent that it has made any independent effort to identify any such rights. 

 

NENA invites any interested party to bring to its attention any copyrights, patents or patent 

applications, or other proprietary rights that may cover technology that may be required to implement 

this standard.  

 

Please address the information to: 

 

National Emergency Number Association 

4350 N Fairfax Dr, Suite 750 

Arlington, VA 22203-1695 

800-332-3911 

or: techdoccomments@nena.org 

mailto:techdoccomments@nena.org
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3 Technical Description 

After more than 30 years of service, the basic architecture of the North American 9-1-1 system is not 

capable of meeting the needs of the next generation communication for the communities that it 

serves.  Rapid evolution of the types of devices and services that can be used to call for help, plus 

increasing volume and diversity of information that can be made available to assist PSAPs and 

responders in an emergency require major changes in the architecture.  NENA recognizes this is a 

fundamental change to the North American 9-1-1 system, and is addressing the challenge with a 

system design called NG9-1-1.  It is expected to be the evolution of Enhanced 9-1-1 to an all-IP 

based emergency communications system.  This specification, commonly referred to as i3, is the first 

version of the NG9-1-1 system design. 

In the evolved network, calls1 originate from many different kinds of devices and services.  If a 

consumer in need of emergency assistance has a reasonable expectation that a call for help should 

work on a device or service, NG9-1-1 is designed to make it possible for that device or service to get 

help.  SMS, IM, Video phones, PDAs, telematics, and similar technologies are today reasonable 

sources of emergency calls. 

NENAôs i3 introduces the concept of an ESInet, which is envisioned as an IP-based inter-network 

(network of networks) shared by all agencies which may be involved in any emergency.  A local 

ESInet, which may typically be county wide, will be interconnected to neighboring countyôs ESInet 

for mutual aid purposes.  Because ESInets are IP-based, such interconnections will allow any agency 

to communicate with any other agency or service on any of the interconnected ESInets.  The i3 PSAP 

is a PSAP that is capable of receiving IP-based signaling and media for delivery of emergency calls 

and for originating calls conformant to the i3 standards. The i3 PSAPs are inherently multimedia. 

Within the i3 standard, location information may be carried directly (the actual location) or indirectly 

(a reference to location that can be exchanged by a LIS for the actual location).  The standard allows 

either civic (street address) or geodetic (latitude/longitude/altitude) forms of location to be used. 

This document defines location determination as the set of functions to accurately and automatically 

determine the position of the IP endpoint device and associate that location information uniquely 

with that device. Location acquisition refers to the functions necessary to make that location 

information available to the device on request, or to make that location information available to a 

Proxy acting on behalf of that device so that location information can be used for emergency calling.  

The ECRF converts location information (either civic address or geo-coordinates) to provide a URI 

that can be used to route an emergency call toward the appropriate PSAP for the callerôs location.  

The PRF applies techniques to determine alternate routing addresses based on policy information 

associated with the destination PSAP. 

                                                 
1 A request for help by someone in need of help, or acting on behalf of someone who needs help is a 

ñcallò in i3.  This covers the normal case of a telephone call, but also includes a two-way video call, 

an interactive text (TTY or newer forms of TTY), an SMS, an Instant Message or some new 

mechanisms for communications in the future 
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Calls from legacy networks (wireline or wireless) which are not inherently IP-based must undergo 

signaling interworking (i.e., at a gateway system) to convert the incoming MF or SS7 signaling to the 

SIP. In addition, functionality must be applied to legacy emergency calls that will allow the 

information provided in call setup signaling by the wireline switch or MSC (e.g., calling 

number/ANI, ESRK, cell site/sector) to be used to route a call and provide location to the PSAP.  

Determination of call routing for legacy calls will actually involve two functions; a location 

acquisition function and a call routing function.  The location acquisition function will be 

responsible for translating the information received with a legacy emergency call into location 

information that could be used as input to the call routing function (i.e., a civic address or geo-

location). 

NENA i3 specifies that emergency calls will be initially conveyed within the ESInet using SIP 

signaling. As such, protocol mediation may be required ñat the edgeò. 

NG9-1-1 encourages the creation of many new coordination and information access services. These 

will enrich collaborative interactions between all agencies involved in processing emergency service 

requests. Characterized as ñservice-orientatedò, this approach to NG9-1-1 will rely heavily on 

eXtensible Markup Language (XML) technology. 

This document describes the relationship between NENA standards and standards from other 

standards organizations.  It describes how IETF standards are used in the signaling and routing of 

emergency calls within the ESInet(s).  It also describes the relationship between NENA standards 

and 3GPP IMS standards IMS architecture concepts may be used in an originating network/domain. 

IMS architecture concepts may also be used to implement an ESInet. 

This document is issued as the NENA recommended standard for functions and interfaces between 

elements in an ESInet.  It provides a Stage 2 definition to include interactions between origination 

networks and the ESInet, functional requirements and their interactions within an ESInet and call 

delivery to a public safety agency such as a Public Safety Answering Point (PSAP). The equivalent 

of an ANSI ñStage 1ò document is TRD 08-751, NENA i3 Technical Requirements Document [1]. 

The present document also illustrates an example of an i3 physical architecture to provide context for 

the functional interactions. 

While this document does include specifications for the methods used to route and deliver calls 

within the ESInet, it does not include specifications for how calls are routed and presented to the 

ESInet. The Stage 3 definition is expected to be provided by specific Standard Development 

Organizations such as IETF, ATIS, and 3GPP/3GPP2, etc.   This document only describes the 

interface between an origination network (or the Internet) and the ESInet, as well as the interfaces 

and functional elements within the ESInet.   It does describe, for illustration purposes, how IP and 

legacy origination networks might process 9-1-1 calls.  It does specify a Location Validation 

Function (LVF) which must be used by the origination network to validate location prior to a 9-1-1 

call, and mandates the use of the ECRF to route calls to the ESInet. This document does not 

standardize functions internal to an i3 PSAP, nor does it constrain the implementation of any 

functional element. 

Use of this document will: 
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 Provide guidance to Standards Development Organizations (SDO) in defining Stage 3 standards; 

 Specify an architecture to aid equipment and service providers in implementing solutions that are 

interoperable by conforming to these recommendations; 

 Define new capabilities for persons seeking help, and for the PSAPs and responders that can 

render assistance; 

 Allow PSAPs to accept calls from a wider variety of devices and services; 

 Improve the quality and range of services provided to all callers; 

 Specify an architecture that will react better than existing systems in major disasters; 

 Specify an architecture that will react better to deliberate attacks on the system. 

3.1 Scope 

The i3 solution encompasses the definition of: 

 The architecture of the emergency calling system; 

 External interfaces between PSAPs and public/private networks delivering 9-1-1 calls to the 

ESInet; 

 External interfaces to systems and databases not in the PSAP that supply data and assistance 

in processing a call; 

 External interfaces to systems that handle a call past the point where a call taker has 

exclusive control over it, such as the handoff to the Computer Aided Dispatch system; 

 External interfaces to upper level management systems, such as disaster management 

systems, as well as peer PSAPs; 

 Functions such as location-based routing, data creation and maintenance. 

Explicitly out of scope are: 

 Intra PSAP interfaces; 

 Responder systems (e.g. Computer Aided Dispatch (CAD) systems, although the external 

interface to the CAD system is in scope); 

 Transition from legacy E9-1-1 to NG9-1-1 infrastructure; 

 Push-to-Talk services. 

This document references other work for: 

 Location determination, acquisition, conveyance and update; 

 Emergency call origination; 

 Routing of emergency calls prior to entry to the ESInet. 
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There may be multiple architectures for the realization of the ESInet.  This document provides 

specific content on both a ñgenericò SIP-based solution2, as well as an IMS-based solution as 

examples.  Future editions may provide more detail on other architectures. 

4 Architecture 

NENA i3 introduces the concept of an ESInet which is envisioned as an IP-based inter-network 

(network of networks) shared by all agencies which may be involved in any emergency.  A local 

ESInet, which typically would be county-wide, will be interconnected to a neighboring countyôs 

ESInet for mutual aid purposes.  Because ESInets are IP-based, such interconnections will allow any 

agency to communicate with any other agency or service on any of the interconnected ESInets.  

Indeed, if every local ESInet is interconnected with its neighbors, any agency anywhere in the 

country can connect with any other agency, if authorized.  This characteristic of routed IP networks 

creates a national ESInet out of interconnected local ESInets. 

ESInets connect dispersed, possibly redundant elements with standardized interfaces.  PSAPs are 

seen as elements within the ESInet, both using as well as providing services on it.  The network 

provides connectivity for call signaling, media and service discovery, invocation and management. 

The architecture envisions that all calls will be answered by i3 PSAPs as IP (e.g. SIP) via gateways 

connecting non IP-based callers.  The i3 PSAPs are inherently multimedia, accepting voice, video 

and text calls for help. 

4.1 System Architecture 

4.1.1 Assumptions 

As defined within the scope statement above, the i3 system architecture covers the ESInet and the 

location-to-URI mapping mechanism which is used to deliver (i.e., route) a call to the appropriate 

PSAP. 

It is assumed within this document, that a complete end-to-end network is broken up into two partsï 

the ñOrigination Networkò and the ñEmergency Services IP Networkò.  In addition, the PSAP will 

have a network internal to it. 

Emergency call origination is beyond the scope of this i3 specification, however in an effort to 

provide a complete context for understanding an end-to-end call, a few examples of originating 

networks, their functional elements, and interfaces are described.  The scope of i3 does, however, 

include call routing and location validation functions which are used by the origination network.  

Origination networks can be built using a generic SIP architecture, or an IMS-based SIP architecture. 

Specific examples provided within this document for IP network origination include: 

                                                 
2 Here, a ñgeneric SIPò means an RFC3261-compliant origination system with little additional 

functionality.  Such networks are common in non-IMS implementations of Voice over IP.  Generic 

SIP systems have User Agents, Registrars, and incoming and outgoing Proxy Servers. 
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1. A generic SIP-based edge routing model; 

2. A generic SIP-based proxy routing model; 

3. An IMS Emergency Service call routing model (3GPP reference architecture). 

A local ESInet can serve one or more PSAPs.  ESInets can be interconnected with IP routers, as any 

IP network can be, to form a ñnetwork of networksò.  Such interconnections can form regional, 

statewide or even nationwide ESInets. 

Any constituent ESInet can be based on a generic SIP architecture or alternatively, based on an IMS 

architecture.  Several examples are provided.  This NENA standard considers both approaches and 

avoids a single recommendation for one choice over the other. 

No carrier3 is assumed in the i3 Solution architecture.  Calls will be presented by a much wider set of 

call processors ranging from enterprises, to non-traditional service providers, and even to 

individuals.  As with email, IP-based telecommunications does not depend on carriers, although we 

expect most calls to come from carriers. 

Calls may originate from many different kinds of devices and services.  If a consumer in need of 

emergency assistance has a reasonable expectation that a call for help should work on a device or 

service, NG9-1-1 is designed to make it possible for that device or service to contact help.  We 

consider SMS, IM, video phones, PDAs, telematics and whatever comes next to be reasonable 

sources of emergency calls. 

Calls will be multimedia.  Audio, video and text are all acceptable media to i3 PSAPs. 

Telecommunications is now global. International roaming is now permitted for wireless and VoIP as 

well as other services.  The standards for emergency calling must be internationalized (as is the 

Internet where there are no national variations of any Internet protocol). 

While the scope of this document does NOT include migration from existing 9-1-1 Emergency 

networks to i3 ESInets, we consider legacy wireline and wireless origination networks to be in scope 

since we believe such networks will persist beyond the transition period. 

                                                 
3 In the context of this document, the term ñcarrierò refers to a function provided by a business entity 

to a customer base, typically for a fee. Examples of carriers and associated services are: PSTN 

service by a Local Exchange Carrier, VoIP service by a VoIP Service Provider, email service 

provided by an Internet Service Provider. 
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4.1.2 Functional architecture 

 

Figure 4-1 Functional Architecture Diagram ï Scope of i3 

Note: In the diagram above, most of the functional boxes in the access and origination networks are 

shown without regard to the network in which they are found.  So, for example, an ECRF can be in a 

Public Access Network as well as in the Internet as shown.  In most cases the vertical placement of 

the function in the diagram is not significant. 

Note: For the functional blocks i3 PSAP, Responder and Government, NENA cannot, by itself, define 

all of the interfaces.  They remain in scope of the i3 architecture, but NENA will need to work with 

other groups to define these interfaces. As such, they are not fully specified within this document. 

The functional elements used within i34 are defined as: 

 IP client ï This term is used to refer to the IP endpoint communications equipment or 

application that is used to originate a voice, video or text request for emergency services 

(e.g., by calling 9-1-1). The term IP device or IP endpoint may also be used. 

 Routing Proxy ï A term used in SIP to describe a SIP server that receives SIP requests and 

forwards them on behalf of the requestor. A routing proxy determines the next hop for a SIP 

message and forwards the message. 

                                                 
4 Not all functional elements defined are shown in the functional architecture diagram 
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 User Agent (UA) ï Terminology used in the context of SIP to identify the IP device. In SIP, a 

UA is a network element that is capable of generating SIP requests (e.g., INVITE) and is 

capable of generating responses for received requests. 

 Back to Back User Agent (B2BUA) ï This is a logical entity that receives a request and 

processes it as a user agent server (UAS).  In order to determine how the request should be 

answered, it acts as a user agent client (UAC) and generates requests.  Unlike a proxy server 

it maintains dialog state and must participate in all requests sent on the dialogs it established. 

 Legacy PSAP ï This term is used to describe PSAPs that are not capable of communicating 

with VoIP protocols or of supporting the i3-based interfaces specified as part of the i3 

solution. 

 Legacy Gateway ï This term is used to refer to a signaling and media interconnection point 

between callers in legacy wireline/wireless originating networks and the i3 architecture, so 

that i3 PSAPs are able to receive emergency calls from such legacy networks. 

 TDM Gateway ï While NENA can specify the behavior of i3 PSAPs, it cannot specify 

responder systems.  A gateway may be needed to connect an i3 PSAP to a responder who 

retains a TDM interface. 

 Domain Name Server (DNS) ï The DNS is used in the Internet today to resolve domain 

names. The input to a DNS is a domain name (e.g., telcordia.com); the response is the IP 

address of the domain. The DNS allows people to use easy to remember text-based addresses 

and the DNS translates those names into routable IP addresses. 

 Web Services ï Web Services identifies an industry standard protocol for exchanges of 

information. In the i3 architecture, this term is being used as a catch-all for access to the sets 

of public and private data services to which i3 PSAPs may desire to have access. 

 Location Determination and Acquisition Functions ï Location determination includes the 

functions necessary to accurately and automatically (without input from the user) determine 

the position of the IP device and associate that location information uniquely with that 

device. Location acquisition refers to the functions necessary to make that location 

information available to the device on request, or to make that location information available 

to a Proxy acting on behalf of that device so that location information can be used for 

emergency calling. 

 Location Information Server (LIS) ï A LIS is a functional element that provides locations of 

endpoints.  A LIS can provide Location-by-Reference, or Location-by-Value, and, if the 

latter, in geo or civic forms.  A LIS can be queried by an endpoint for its own location, or by 

another entity for the location of an endpoint.  In either case, the LIS receives a unique 

identifier that represents the endpoint, for example an IP address, circuit-ID or MAC address, 

and returns the location associated with that identifier.  The LIS is also the element that 

provides the dereferencing service, exchanging a location reference for a location value. 
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 Location Validation Function (LVF) ï The LVF is used to validate location objects against 

the next generation Master Street Address Guide (MSAG)5. Pre-validation of the location 

information ensures that the calls can be routed to the appropriate PSAP and that emergency 

services can be dispatched to the correct location. 

 Border Control Function (BCF) ï The BCF provides a secure entry into the ESInet for 

emergency calls presented to the network.  The BCF incorporates firewall, admission control, 

and may include anchoring of session and media as well as other security mechanisms to 

prevent deliberate or malicious attacks on PSAPs or other entities connected to the ESInet. 

 Emergency Call Routing Function (ECRF) ï The ECRF receives location information (either 

civic address or geo-coordinates) as input and uses this information to provide a URI that can 

be used to route an emergency call toward the appropriate PSAP for the callerôs location. 

Depending on the identity and credentials of the entity requesting the routing information, the 

response may identify the PSAP, or an Emergency Services Routing Proxy (ESRP) that acts 

on behalf of the PSAP to provide final routing to the PSAP itself. The same database that is 

used to route a call to the correct PSAP may also be used to subsequently route the call to the 

correct responder, e.g., to support selective transfer capabilities. 

 Policy-based Routing Function (PRF) ï This functional element applies techniques to 

determine alternate routing addresses based on policy information associated with the 

destination PSAP.  The PRF uses its state knowledge, such as PSAP registration state or time 

of day and the policy for a PSAP to make a route determination.  The PRF resides in the 

terminating ESInet. 

 Emergency Services Routing Proxy (ESRP) ï an i3 functional element which is a SIP proxy 

server that selects the next hop routing within the ESInet based on location and policy.  There 

is an ESRP on the edge of the ESInet.  There is usually an ESRP at the entrance to an i3 

PSAP.  There may be one or more intermediate ESRPs between them.   

 Emergency Services IP Network (ESInet) ï This term is used to refer to a private IP network 

or IP Virtual Private Network (VPN) that is used for communications between PSAPs and 

among other entities that support, or are supported by PSAPs in providing emergency call 

handling and response. 

 Originating ESInet ï The originating ESInet is the first emergency services network in the 

call flow. Originating networks (those initiating 9-1-1 calls) deliver their emergency calls to 

this network. An originating ESInet will make routing decisions and forward the emergency 

call to another ESInet for routing to the PSAP. 

 Intermediate ESInet ï The intermediate ESInet is a network that may exist between the 

originating and terminating ESInets. An Intermediate ESInet receives a call from an 

                                                 
5 In i3, the classic MSAG is replaced by the combination of the ECRF and the LVF.  The LVF is an 

evolution of the i2 Validation Database[3], and similarly, the ECRF is an evolution of the i2 

Emergency Services Zone Routing Database (ERDB). 
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originating ESInet (or another intermediate ESInet) and forwards the call to another 

intermediate ESInet or the terminating ESInet. 

 Terminating ESInet ï A terminating ESInet does the final routing to the PSAP. If there is 

only one ESInet in the call flow then the terminating ESInet has the role of originating ESInet 

as well. 

 i3 Public Safety Answering Point (i3 PSAP) ï The i3 PSAP is a PSAP that is capable of 

receiving IP-based signaling for delivery of emergency calls and for originating calls. The 

internal functions are not being specified in the i3 requirements, but the i3 PSAP is expected 

to be able to use SIP signaling for calls and IP-based data protocols for exchange of other 

information. It is expected that the CPE Technical Committee will produce a document 

describing the functionality of i3 PSAP equipment.  An i3 PSAP is an instance of an IP 

PSAP, but in this document, we mean a PSAP conforming to the i3 standard. 

 Responder  ï The agencies that provide emergency response in the i3 Solution, e.g., Police, 

Fire, Emergency Medical Service, Poison Control, HazMat (hazardous materials response 

teams), Coast Guard, etc. 

 Supplemental Data ï Databases and Database Access Services that provide information 

requested by PSAPs and other entities on the ESInet in support of emergency services 

handling. 

 Multimedia ï Multimedia functions might include such things as conference bridge 

resources, or logging recording services for all forms of media: voice, video and text. 

 Government ï This term is used to refer to government services that might be involved in 

emergency call handling or escalation. Examples might include: escalation of emergency 

incidents that require coordination among multiple government agencies, beyond PSAPs; 

broadcasts; notification services; Homeland Security. 
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Figure 4-2 Functional ESInet Interface Reference Architecture 

4.1.3 Example of possible physical architecture 

There are many possible variations in physical architectures that could be used to meet the i3 

requirements described in NENA i3 Technical Requirements Document [1]. Figure 4-3 illustrates a 

potential high-level physical architecture that includes the functional elements described in Section 
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4.1.4 Example Physical Architecture 

 

Figure 4-3  Example i3 Physical Architecture 

Emergency calls, destined to be answered at the i3 PSAP, may originate as either legacy or IP-based 

calls.  For IP-based calls, there is a long list of different IP-centric end device types using a variety of 

different access technologies, the specification of which is out of scope for i3, though may be 

occasionally referred to (by way of example) within this document in order to add completeness and 

proper context.  Emergency calls which originate in legacy networks from non-IP devices, are 

handled within the i3 architecture via special purpose gateways, which are in scope of i3. 

Figure 4-3 illustrates an example architecture in which IP devices may be equipped with the 

capability to determine their own location, or location determination and acquisition functions may 

be provided to IP clients by their access infrastructure and/or Internet Service Provider. Location 

acquisition may be provided by a proxy (e.g., a VoIP Service Provider) on behalf of an IP endpoint. 

IP clients may request routing information from ECRFs, or a proxy (e.g., a VoIP Service Provider) 

may request this information on their behalf.  Various IP clients may send emergency calls toward 

PSAPs over a series of networks including that of their access provider(s), the Internet, and an 

ESInet that provides IP connectivity for a variety of services related to emergency call handling. 

Only two ESInets are shown in the figure, but in reality there may be more of these that play a role in 

delivering an emergency call to the appropriate PSAP. An ESInet may provide location-based 
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routing and/or policy-based routing, depending on whether it is an intermediate or terminating 

network.  An ESRP, if present in the ESInet, will be responsible for generating routing requests and 

using the routing information provided in the responses to those requests to route the emergency call 

forward.  The ESRP might also provide default routing functions, when location information is not 

present or specific enough for accurate routing.  In addition, the ESRP will provide backup routing 

functionality under conditions of network congestion or failure. 

This example physical architecture shows i3 PSAPs communicating with each other and with other 

i3 entities over an ESInet. The i3 PSAPs also have access to databases and multimedia services over 

their ESInet. The i3 PSAPs may obtain services using an Emergency Services Network (ESNet) 

function as being defined by the Alliance for Telecommunications Industry Solutions ï Emergency 

Services Interconnection Forum (ATIS-ESIF) [70]. The i3 PSAPs may also access public Web 

Services over the Internet, with appropriate security mechanisms in place. In addition, i3 PSAPs may 

access an ECRF via the ESInet, for example, to identify an appropriate agency to transfer a call 

based on the callerôs location. 

The following sections provide more detailed explanations of how some of these processes may be 

supported in the i3 Solution. 

4.1.5 Call Architecture  

A Location Acquisition Function is used in the access network to obtain the location of a caller, 

which is retrieved on demand from a LIS.  Locations in civic address form are validated prior to 

being stored in the LIS by the Location Validation Function.  A 9-1-1 call includes location 

information with the call.  A carrier, enterprise or other call presenter uses the location (included 

with the call) with the ECRF to determine a URI to route to.  Calls are presented by the origination 

network to the ESInet, possibly through a BCF, either directly to a PSAP or to an ESRP. 

Within the ESInet, the ESRP, if used, will (logically) use the same ECRF to further onward route the 

call.  If the ESInet is hierarchical in nature, (i.e., consisting of a network of networks), an ESRP 

instance may be used at each level of the hierarchy.  The call would then traverse multiple ESRPs 

from the access network to the PSAP.  The final proxy is a PSAP proxy (which could be an IP-PBX), 

which forwards the call to one of its User Agents (which may be a call taker).  The PSAP may use 

ECRF to determine the proper responders. 

All i3 PSAPs accept calls signaled with SIP with audio, video, interactive text and instant messaging 

media.  PSAPs may support other protocols or signaling gateways may be provided within the 

ESInets to accept other protocols and convert the signaling to SIP.  The details of which protocols 

and where the gateways are located are out of scope of this document. 

4.1.5.1 Calls and Incidents 

A request for help by someone in need of help, or acting on behalf of someone who needs help is a 

ñcallò in i3.  This covers the normal case of a telephone call, but also includes a two way video call, 

an interactive text (Teletypewriter (TTY) or newer forms of TTY), an SMS, an Instant Message or 
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some new mechanisms for communications in the future.  While most calls create a ñsessionò, which 

in this context means signaling that establishes the session, followed by media streams flowing 

between the caller and the call taker, and terminated by further signaling, a call can also be a single 

media burst with included signaling, which characterizes an SMS or some forms of Instant 

Messaging. 

Although not all requests for help have session establishment/teardown, we use the term ñcallò to 

refer to any request for help. 

An Incident is a real world event, like a car crash, a heart attack, or a fire in a building.  The 9-1-1 

system often receives multiple calls for an incident.  In i3, we separate the notion of incident from 

call.  Each is given identifiers, and we can associate a call with a primary and one or more secondary 

incidents.  Of course multiple calls can be so associated with any incident. 

In some circumstances, multiple incidents are related to one another.  An obvious case is a disaster, 

which often has many associated incidents.  Some other examples include a car crash which ignites a 

building fire.  To represent this situation, the notion of incident is defined as hierarchical; an incident 

can be defined as a set of related incidents.  By defining incidents and calls separately, and assigning 

each an identifier, we can provide call takers, responders and management more information, 

organized better, and subsequently relate all the information the system keeps on calls and incidents 

for follow-up reports. 

The following definitions are used in this specification: 

 Agency: An organization that is a client of a database or service. 

 Agent: A person employed by or contracted by an agency. 

 Call: A single communication to a PSAP that results in a defined action by a call taker. A 

call does not have to be a literal phone call. It could be an Instant Message, a SMS text 

message, an Automatic Crash Alert, etc. 

 Incident: A defined public safety event that incurs a response within the domain of a PSAP. 

Examples include a traffic accident (including subsequent secondary crashes), a hazardous 

material spill, etc. Multiple Calls may be associated with an Incident.  An Incident may 

include other Incidents in a hierarchical fashion. 

 Call Identifier : An identifier assigned by the first element in the first ESInet which handles a 

call.  The form of a Call Identifier is a Globally Unique Identifier (GUID).  Call Identifiers 

are globally unique. 

 Incident Identifier : An identifier assigned by the first PSAP which declares an incident.  

The form of an Incident Identifier is a URI GUID.  Incident Identifiers are globally unique. 

The life cycle of a call includes: call origination, call abandonment or completion, call duration, call 

clearing, and post-call processing of indefinite duration.  The life cycle of an Incident includes: 

Incident declaration, Incident processing, Incident clearing and post-incident processing of indefinite 

duration. 
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4.2 Relationship of NENA i3 to IETF Standards 

The NENA i3 system boundary is at the ESInet.  Callers will be presented to this network by carriers, 

enterprises or other entities following many of the protocol standards promulgated by the Internet 

Engineering Task Force (IETF).  Many of the services and devices used to make emergency calls are 

built to IETF protocol standards.  There is no expectation for the need of an equivalent of the FCC 

ñPart 68ò device standards that specify telephone connection to the PSTN within the United States.  

Devices bought in one country work anywhere else, as do the services upon which they depend. 

The IETF emergency calling protocol standards are consensus standards incorporating requirements 

from a wide variety of nations, carriers, industry associations and vendors.  These protocol standards 

define: 

 Call signaling; 

 Media flows; 

 Location acquisition and conveyance to the ESInet; 

 Distinguishing an emergency call from other calls; 

 Emergency call routing protocols to the correct PSAP; 

The overall description of the IETF approach to emergency calls is detailed in Framework for 

Emergency Calling in Internet Multimedia [4]. 

The specific recommendations for telephones and proxy servers (carrier softswitches) is detailed in 

Best Current Practice for Communications Services in support of Emergency Calling [59] 

NENA expects telephones and proxy servers to follow the recommendations in the above document. 

4.2.1 Location 

Having access to the callerôs most accurate location information is paramount to properly route and 

dispatch an i3 emergency call, yet location handling is complicated in the IP domain. 

NENAôs VoIP Location Working Group (VLWG), published two documents that discuss the topic 

of location in the IP domain. NENA Technical Requirements Document for Location Information to 

Support IP-Based Emergency Services [75] exposes NENAôs generic technical requirements that 

should be accounted for by standard bodies involved in IP Location. Also, NENA Recommended 

Method(s) for Location Determination to Support IP-Based Emergency Services - Technical 

Information Document [76] specifically addresses the residential broadband access network 

topologies in relation to IP Location. Both documents apply to the i3 architecture and should be 

consulted to fully understand the area of IP Location in the context of this specification. 

While other standard bodies (such as 3GPP/3GPP2) may have different alternatives to present 

location with the emergency call, the IETF solution to this problem is to deliver location information 

to the endpoint (the ñphoneò) or have available a reference to the location.  The endpoint is, directly 



NENA Functional and Interface Standards for 

Next Generation 9-1-1 Version 1.0 (i3)  

NENA 08-002 Version 1.0, December 18, 2007  

 

 

Version 1.0 December 18, 2007                              Page 29 of 121 

 

or indirectly, a subscriber to the access infrastructure provider (AIP) and it is, directly or indirectly, a 

subscriber to the communication service provider (CSP).  The AIP tells the endpoint where it is, the 

endpoint tells the CSP where it is.  The CSP can then route the call based on the location, 

With new IP-based protocols (primarily SIP, although other protocols may be supported), location or 

a reference to that location can be conveyed in the signaling.  Therefore, the endpoint makes the 

location information available in the signaling with the emergency call, and sends it downstream to 

one or more routing elements, which can use the location information to route the call. When the call 

is presented to the ESInet, location information comes with it, either directly or via de-referencing 

prior to delivery.  This is a fundamental change in the 9-1-1 system, which heretofore has relied on 

the ALI database to relate an identifier for the phone (TN) to the location of the phone. 

As mentioned above, location information may be carried directly (the actual location) or indirectly 

(a reference to location that can be exchanged by a LIS for the actual location). In this document the 

terms ñLocation-by-valueò and ñLocation-by-referenceò are used when there is a need to 

differentiate, and just ñLocation Informationò when either form can be used.  These standards allow 

either civic (street address) or geodetic (latitude/longitude/altitude) forms of location to be used.  

When a location reference is exchanged by the LIS for location value ("dereferencing"), the value 

returned is the most current available location.   

IETF standards define the following mechanisms: 

 How Location-by-Value is represented; 

 How Location-by-Reference is represented; 

 How Location Information is acquired by the endpoint from a Server (this is called a 

ñLocation Configuration Protocolò (LCP); 

 How the endpoint Conveys Location Information to downstream elements; 

 How Location-by-Reference is exchanged for Location-by-Value by a LIS. 

The i3 location architecture is based on the following IETF standards: 

 Geopriv requirements [5] 

 A Presence-based GEOPRIV Location Object Format [6], with an update to the document 

[77] 

 Dynamic Host Configuration Protocol Option for Coordinate-based Location Configuration 

Information [7] 

 Dynamic Host Configuration Protocol (DHCPv4 and DHCPv6) Option for Civic Addresses 

Configuration Information [8] and an update [78] 

 HTTP Enabled Location Delivery (HELD) [9] 

 Session Initiation Protocol Location Conveyance [10] 
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4.2.1.1 Location-by-Value (LbyV) 

Location-by-Value is defined as location information readily consumable by the recipient of the 

location without transformation. It is formatted in a PIDF-LO document as per RFC-4119 and 

following the recommendations of the PIDF-LO profile Internet draft [77]. The location can be 

expressed in a civic form as per the Revised Civic LO Internet Draft [78] or in a geodetic form as per 

RFC4119 as modified by [77]. 

4.2.1.2 Location-by-Reference (LbyR) 

Location-by-Reference is defined as a URI that, when de-referenced in the correct manner by an 

authenticated and authorized entity, will yield the location value of the endpoint. 

The construction of the user part of the Location-by-Reference URI should follow strict privacy and 

confidentiality rules so the identity and/or the location of the target can not be derived from the 

identifier by an unauthorized party. The IETF Internet Draft describing LbyR requirements [79] 

provides guidance as to how to construct a valid location URI for Location-by-Reference. 

A successful de-reference of the identifier will result in providing a Location-by-Value to the 

requester. De-reference mechanisms are currently being defined within the IETF, one using SIP [31] 

and one using HELD [80]. 

4.2.2 Call Signaling 

IETF call signaling for emergency calls is primarily based on SIP.  SIP defines how calls (IETF 

refers to them as ñSessionsò) are established, maintained, and torn down.  Within the IETF, the 

signaling standard carries descriptions (ñSession Descriptionsò) of one or more media streams.  The 

streams are transported using the Real Time Protocol (RTP).  The Session Description Protocol 

(SDP) is carried within the SIP signaling to describe how the RTP streams are established between 

endpoints. 

SIP can be used to establish audio, video and/or interactive text media sessions as well as Instant 

Messaging.  A SIP session may have more than one media stream established for the session, and the 

media streams may be similar (more than one audio channel ï stereo for example) or different (audio 

plus video with IM sidebar).  An important characteristic used by SIP is that the signaling path may 

traverse elements that the media path does not.  Typically, the signaling goes through several 

intermediaries (Proxy Servers), while the media goes direct between the endpoints. 

There are mechanisms to identify the caller, and to provide an address used for call back. 

SIP standards exist for conferencing.  The same signaling that establishes simple two--way calls can 

be used to establish 3-way or conference calls. 

As previously discussed, SIP can also carry location information. 

The i3 call signaling architecture is based on the following IETF standards, a summary of which can 

be found in A Hitchhikers Guide to the Session Initiation Protocol [11]: 
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 SIP: Session Initiation Protocol [12] 

 RTP: A Transport Protocol for Real-Time Applications [13] 

 SDP: Session Description Protocol [14] 

 SIP: Locating SIP Servers [15] 

 An Offer/Answer Model with the Session Description Protocol (SDP) [16] 

 SIP-Specific Event Notification [17] 

 The Session Initiation Protocol UPDATE Method [18] 

 A Privacy Mechanism for the Session Initiation Protocol (SIP) [19] 

 Private Extensions to the Session Initiation Protocol (SIP) for Asserted Identity within 

Trusted Networks [20] 

 Session Initiation Protocol Extension for Instant Messaging [21] 

 The Reason Header Field for the Session Initiation Protocol (SIP) [22] 

 The Session Initiation Protocol (SIP) Refer Method [23]  

 Grouping of Media Lines in the Session Description Protocol (SDP) (RFC3388) [24] 

 An Extension to the Session Initiation Protocol (SIP) for Symmetric Response Routing [25] 

 Real Time Control Protocol (RTCP) attribute in Session Description Protocol (SDP) [26] 

 Control of Service Context using SIP Request-URI [27] 

 Connected Identity in the Session Initiation Protocol (SIP) [28] 

 Indicating User Agent Capabilities in the Session Initiation Protocol (SIP) [29] 

 Caller Preferences for the Session Initiation Protocol (SIP) [30] 

 Early Media and Ringing Tone Generation in the Session Initiation Protocol (SIP), G. 

Camarillo, H. Schulzrinne, Internet Engineering Task Force [31] 

 A Watcher Information Event Template-Package for the Session Initiation Protocol (SIP) 

[32] 

 The Session Initiation Protocol (SIP) "Replaces" Header [32] 

 The Session Initiation Protocol (SIP) Referred-By Mechanism [33] 

 The SIP Referred-By Mechanism [34] 

 Best Current Practices for Third Party Call Control in the Session Initiation Protocol [35] 

 Using E.164 numbers with the Session Initiation Protocol (SIP) [36] 

 Early Media and Ringing Tone Generation in the Session Initiation Protocol (SIP) [37] 

 Presence Information Data Format (PIDF) [38]  

 Session Timers in the Session Initiation Protocol (SIP) [39] 

 Internet Media Type message/sipfrag [40]  

 The Session Initiation Protocol (SIP) "Join" Header [41] 

 Transcoding Services Invocation in the Session Initiation Protocol (SIP) Using Third Party 

Call Control (3pcc) [42] 

 Basic Network Media Services with SIP [43] 

 An Extension to the Session Initiation Protocol (SIP) for Request History Information  

(RFC4244) [44] 

 Actions Addressing Identified Issues with the Session Initiation Protocol's (SIP) Non-

INVITE Transaction ( [44] 

http://www.ietf.org/rfc/rfc3388.txt
http://www.ietf.org/rfc/rfc4244.txt
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 Actions Addressing Identified Issues with the Session Initiation Protocol's (SIP) Non-

INVITE Transaction [45] 

 Extending the Session Initiation Protocol (SIP) Reason Header for Preemption Events [46] 

 Communications Resource Priority for the Session Initiation Protocol (SIP) ( [47] 

 Suppression of Session Initiation Protocol (SIP) REFER Method Implicit Subscription [48] 

 Conveying Feature Tags with the Session Initiation Protocol (SIP) REFER Method [49] 

 Addressing an Amplification Vulnerability in Session Initiation Protocol (SIP) Forking 

Proxies [50] 

 Session Initiation Protocol Call Control - Conferencing for User Agents [51] 

 Obtaining and Using Globally Routable User Agent (UA) URIs (GRUU) in the Session 

Initiation Protocol (SIP) [53] 

 Managing Client Initiated Connections in the Session Initiation Protocol (SIP) [54] 

 SDP: Session Description Protocol [55] 

 Session Initiation Protocol Package for Voice Quality Reporting Event [56] 

 Interactive Connectivity Establishment (ICE): A Methodology for Network Address 

Translator (NAT) Traversal for Offer/Answer Protocols [57] 

4.2.3 Distinguishing an Emergency Call 

9-1-1 may not be the emergency number outside of North America.  There is no universal emergency 

number, nor is there likely to be one (although 1-1-2 is common in GSM phones around the world).  

Since the IETF does not permit national variations of Internet Protocols, and because signaling and 

routing elements must be able to distinguish emergency calls from other kinds of calls, IETF 

standards define an Emergency Call relevant (Emergency) Service Identifier, often equated to an 

(Emergency) Service Uniform Resource Name (URN). 

In SIP, addresses are not limited to telephone numbers.  They may include SIP URIs, which look like 

email addresses (e.g. sip:alice@example.com).  A subset of URIs are Universal Resource Names 

(URNs) which begin with ñurn:ò.  The URN for emergency calls (where a single emergency number 

is prevalent) is ñurn:service:sosò.  The standards do not envision that any human would enter this 

string into a device.  Rather, the local emergency number (9-1-1 in North America) will be translated 

into the universal emergency URN. 

To make this work, there is a standard[61] to define how the local emergency number is learned. 

In some areas, there is not a single emergency number like 9-1-1.  Some services (for example, a 

medical emergency service invoked by a wearable pendant) know that a specific kind of emergency 

has occurred.  The IETF standard defines URNs for such calls.  For example, 

ñurn:service:sos.medicalò is the URN for a medical emergency.  Where there is no single emergency 

number, the local number for e.g. police, fire or EMS will map to this URN.  There are URNs for 

less common emergencies.  For example, poison control, marine emergency (Coast Guard) or 

Mountain Rescue.  In North America, many, if not all calls directed to a specific emergency service 

will actually be routed to PSAPs.  The telecommunicator will be informed of the emergency service 

requested, but would otherwise handle the calls as they do now. 
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The relevant IETF standard is: 

 A Uniform Resource Name (URN) for Services [58] 

4.2.4 Routing of IP-based Emergency Calls in a generic IETF SIP originating network 

The IETF defines a method for any service, anywhere in the world, to route an emergency call to the 

appropriate PSAP.  This mechanism Emergency Context Resolution with Internet Technologies ï 

ECRIT defines a database query (the IETF standards call this a ñmappingò) where location 

information and a Service URN is sent in the query  and a URL of where to deliver the call is 

returned.  In i3 this is called an Emergency Call Routing Function (ECRF).  The call would then be 

routed using normal SIP (or other protocols supported) to the indicated destination.  The protocol 

defined by the IETF that provides the mapping is called Location to Service Translation (LoST)[61]. 

Note: Security-related components (such as the BCF) have been intentionally left out of the 

following diagrams for simplicity reasons. Please refer to section 4.7 for security architecture 

details. 
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Figure 4-4 Generic SIP Edge-based Call Routing Architecture - Origination Network Example 
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Figure 4-5 Generic SIP Proxy-based Call Routing Architecture ï Origination Network 

Example 

The standards, and i3 architecture, envision that in many cases, the route taken as a result of ECRF 

mapping will not be directly to a PSAP.  Instead, calls will be routed to an ESRP.  This element, 

which might be operated on behalf of, for example, a state agency, would take all calls for that state, 

and make another routing decision to send them to the appropriate PSAP.  The reason for deploying 

an ESRP is to position robust firewalls and other protective devices (such as the BCF), with large 

amounts of IP bandwidth between the sources of calls and the PSAP.  This provides an outer 

defensive perimeter for malicious calls or Denial of Service attacks against the PSAP.  i3 envisions 

that the same ECRF, using LoST as the interface protocol will be able to be queried by the ESRP to 

determine how to onward route to the PSAP. 

Similarly, the ECRF mechanism may be used by the PSAP to determine how to route a call to the 

correct responder.  The ECRF will allow civic and geo boundaries for PSAPs (and ESRPs) as well as 

any number of responders to be stored.  This allows any PSAP to route a call to any responder based 

on the location of the caller.  This mechanism directly encodes service boundaries.  It does not 

depend on ESZs. Given a location and a desired service (police, fire, mountain rescue, etc.), the 

mechanism returns the URI of the appropriate responder.  As with the PSAP routing, the call may 

traverse one or more ESRPs. 
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The LoST protocol provides several other important functions used for emergency calling.  LoST 

will supply the local dial string (9-1-1) for a location.  This is used by the endpoint or proxy to 

determine what is an emergency call.  LoST also is used for the LVF.  If a route exists for a proffered 

location, that location is a valid location, and thus LoST can report which locations are valid, using 

the same database as the routing function.  This is like the current MSAG which supplies the ñrouteò 

(that is, the ESN) as well as providing the validation data.   

The relevant IETF standard is: 

 LoST: A Location-to-Service Translation Protocol [60] 

4.2.5 Generic SIP as an Emergency Services IP Network 

An instance of an ESInet may be using a generic SIP implementation (i.e., non-IMS). Generic SIP 

proxy servers and UAs can serve as the building blocks for an ESInet.  The ESRP is a normal SIP 

proxy server with additional functionality.  The ECRF and LVF use the LoST protocol.  The call 

taker in a PSAP has a UA that terminates calls (User Agent Server in RFC3261 terms). 

Note: Security-related components (such as the BCF) have been intentionally left out of the 

following diagrams for simplicity reasons. Please refer to section 4.7 for security architecture 

details. 

4.2.5.1 Simple ESInet 

Figure 4-6 represents a simple ESInet functional architecture where single ESRP and ECRF 

components are involved to process the call to the appropriate User Agent. As described in previous 

sections, the call may go through a series of transactions between the ESRP, ECRF and UA in order 

to reach the final destination UA within the ESInet. 
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Figure 4-6 Generic SIP ESInet Architecture ï Single ESRP Example Shown 

4.2.5.2 Multiple ESRPs in an ESInet Architecture 

Typically, the PSAP would have an ESRP of its own at the entrance to its Local Area Network 

(LAN).  The ESRP at the ESInet edge would route to the PSAP ESRP which would route to the call 

taker.  The ESRP at the edge of the ESInet might be operated at the state level.  In some areas, the 

local operator of the ESInet may be at a county or region level, and it may choose to run an ESRP.  

The state ESRP routes to the county/regional intermediate ESRP, which routes to the PSAP ESRP.  

Each of the ESRPs has access to the ECRF, and has a PRF that together guide the selection of the 

next hop. In this case, each ESRP will invoke the ECRF for determining the next hop until it 

resolves to the destination UA. Several transactions may be required to resolve to the destination 

UA. 
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Figure 4-7 Generic SIP ESInet Architecture ï Multiple ESRPs Example Shown 

4.2.5.3 Hierarchical ESInet Architectures ï ñNetwork of Networksò 

A more complex embodiment (and probably more realistic implementation) of an ESInet will be 

hierarchical with the local ESInet constructed and run by, or on behalf of, a county or regional 

agency.  In turn the local ESInet may be a set of physical networks including wireline and wireless IP 

networks using government owned, leased and contracted links with IP routers and switches.  These 

local ESInets, which, as has been stated previously are used for ALL public safety agencies, would 

be interconnected at the IP (Router) level with adjacent ESInets for mutual aid purposes.  This will 

effectively form a state wide ESInet.  A state agency may decide to provide a ñbackboneò network 

that optimizes IP routing cross-state.  These state networks would be interconnected with adjacent 

states, which form a national network.  A federal agency might implement a national backbone to 

improve the routing of cross-country traffic.  However, the basic element of this network of networks 

is the local ESInet. 

A Generic SIP Hierarchical ESINet Architecture diagram will be provided in a future edition of this 

document 
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Figure 4-8 Generic SIP Hierarchical ESInet Architecture 

4.2.5.4 Internal ESRP functions 

Though the detailed specification of the internal functions of an ESRP is currently out-of-scope in i3, 

a sample view of general functions that an ESRP must include is shown in the following figure. 
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Figure 4-9 Generic SIP ESInet Architecture ï Detailed ESRP Functional View 

Emergency Service Routing Proxy ï By definition, an ESRP is fundamentally a SIP Proxy, but with 

some added features required for the receipt, querying, and egress handling of an emergency call. 

The SIP Proxy part of the ESRP function is expected to behave as per RFC 3261 [12]. 

Location Query Function (LQF) ï Uses a dereferencing protocol (SIP or HTTP) to exchange a 

location reference (LbyR) for location information (LbyV) 
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Routing Query Function (RQF) ï Uses the LoST protocol to find a tentative list of next hops given 

the location information 

Policy Routing Function (PRF) ï Uses the policy of the destination PSAP, PSAP state, congestion 

state, time of day, etc to determine choose one of the next hops that will receive the call. 

4.2.6 End to End generic SIP emergency call architecture 

The following figure shows an end-to-end functional architecture based on a generic SIP solution. 
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Figure 4-10 Generic SIP ESInet Architecture ï End-to-End Example (shows general SIP 

trapezoid w/single ECRF) 

A user agent will use a Location Acquisition Protocol to access a LIS for location information.  The 

user agent queries the ECRF using LoST to obtain a PSAP/ESRP URI, the local dial string for that 

location (e.g. 9-1-1) and a confirmation that the location provided by the LIS is valid. 

 

A high level call flow within this functional architecture would go as follows: 

1. The calling UA requests its location information from the LIS (typically at bootstrap); 




