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AAs the industry gets closer to federal
funding that could make the next-
generation 9-1-1 (NG 9-1-1) vision a
reality, decisions need to be made
about the implementation process as
the migration from a concept to an
actual design occurs. The current frac-
tured governance models of 9-1-1
services do not lend themselves to one
nationwide network, such as the First
Responder Network Authority (First-
Net). Even if we are able to secure
federal dollars, the cost of actually
running an NG 9-1-1 system will still
be paid with state and local funds,
which lends itself to more localized
decision-making. 

    With the NG 9-1-1 network actual-
ly being a network of networks, it is
imperative that all networks function
as one. The proposed wording of
much of the NG 9-1-1 funding legis-
lation to date refers to “seamless inter-
operability,” a term yet to be defined.
The anywhere, anytime nature of IP
and mobile communications has
changed emergency call systems for-
ever, and there is no going back. 
    There are only two ways to accom-
plish interoperability between state
and local networks and NG 9-1-1 
systems. The first is for all involved to
use the same standards and implement
them in a homogenous manner, which

is not likely because there has never
been a one-size-fits-all service system
solution in public safety. The second
is to require standards that are similar
enough that moving from one net-
work to another does not require cost-
ly gateway devices that cause users to
lose functionality. Regardless of
which way the industry decides to go,
a huge amount of work in terms of
agreeing on interconnection interfaces
must be completed. 

Standards for NG 9-1-1
     Two technical architectures ar
e available to support an NG 9-1-1 
network: a generic session initiation
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protocol (SIP)-based solution and a
Third Generation Partnership Project
(3GPP) IP multimedia system (IMS)-
based architecture. The National Emer-
gency Number Association (NENA)
evaluated the two architectures for the
group’s functional and interface stan-
dards for NG 9-1-1, commonly
referred to as i3. The association devel-
oped the i3 standards based on the
generic SIP-based architectures, pub-
lished a second version in September
2016 and is completing a review of a
third version of the standard.
    Separately, the Alliance for
Telecommunications Industry Solu-
tions (ATIS) Emergency Service Inter-
connection Forum (ESIF) completed
the ATIS-0500032 implementation of
an IMS-based NG 9-1-1 service speci-
fication in December 2016. ATIS has
published additional operational and
functional requirements to ensure
interoperability between NENA i3 and
ATIS 3GPP IMS-based emergency
services network (ESN) architectures. 
    It is important to understand the
differences between the two architec-
tures and how adoption of more than
one could impact interoperability. The
i3 standard development began in
2004 and was designed using the
Internet Engineering Task Force
(IETF) SIP call-signaling protocol.
While there were other protocols,

such as media gateway control proto-
col (MGCP) and voice gateway pro-
tocol H.323, which were similar to
SIP, it has become the most widely
adopted in the industry. SIP by itself
could not support all of the require-
ments of an emergency-calling sys-
tem, so additional protocols that
could fill in the voids were submitted
to the IETF. Examples of these proto-
cols include: 
    n Request for comment (RFC)
5222 location-to-service translation
(LoST), which describes how to route
a call to the appropriate public-safety
answering point (PSAP) based on
location;
    n RFC 5985 HTTP-enabled loca-
tion delivery (HELD), which
describes how to convey a device’s
location to that device; and 
    n RFC 5774 presence information
data format – location object (PIDF-
LO), which describes the format of a
location. 

    The i3 document describes a refer-
ence architecture that uses these build-
ing blocks to construct the NG 9-1-1
system. 
    While NENA was working on i3,
3GPP was dealing with a similar set of
problems. The international standards
body was determining how to evolve
3G commercial networks to deliver

IP-based multimedia to mobile users.
3GPP also selected IETF standards to
leverage SIP to meet some specific
requirements. These requirements
included how to maintain a SIP ses-
sion as a device roams among 2G, 3G,
4G and Wi-Fi wireless networks; how
wireless service providers would
allow customers of another network to
use their networks when they had
roaming agreements; and how to share
real-time billing information with a
roaming partner. These are clearly not
issues for an NG 9-1-1 emergency sys-
tem but are the lifeblood of a wireless
service provider network. 
    To resolve these issues and others,
3GPP established IMS, an architec-
ture framework for the delivery of IP
multimedia communications to wire-
less users. By 2014, most standards
development organizations (SDOs)
adopted IMS as the core component
of fixed, mobile, cable and broadband
wireless next-generation networks.
During the past few years, IMS has
become the foundation of nearly
every wireline and wireless network
that supports IP multimedia traffic
such as voice over Long Term Evolu-
tion (VoLTE). 
    At the end of 2015, the FCC Task
Force on Optimal PSAP Architecture
(TFOPA) posed the question: If 80
percent of 9-1-1 emergency calls 

NENA i3 and ATIS 3GPP Architectures

A reference architecture combining NENA i3 and ATIS 3GPP IMS-based emergency service architectures
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originate from wireless service
providers, which are based on 3GPP
IMS-based platforms, couldn’t the
NG 9-1-1 i3 system also leverage the
investment in IMS to implement the
emergency call routing roles of
NENA i3 standard functional ele-
ments? ATIS ESIF answered that
question in its ATIS-0500032 standard
published in December 2016.

Standards Backgrounds 
    In the diagram on Page 28, the
emergency services routing proxy
(ESRP) functional element (FE) is
implemented by combining 3GPP
IMS FEs such as the interrogating/
emergency call service control func-
tion (I/E-CSCF), application server
(AS) and transit function (TRF).
These 3GPP FEs, colored blue in the
diagram, exist in IMS architecture and
are used for VoLTE and other func-
tions/applications of 3GPP networks.
The emergency communications rout-
ing function (ECRF) as defined in i3,
location validation function (LVF) as
defined in i3, location information
server (LIS) as defined in i3, addition-
al data repository (ADR) and geo-
graphic information system (GIS),
and other elements shown in gray can
be integrated into the E-CSCF by
implementing the Ml interface to
allow the E-CSCF to request the
ECRF to validate the location infor-
mation received from the emergency
caller or query the ECRF for routing
information to the appropriate PSAP.
In the diagram, the originating net-
works to the left and the PSAP net-
works to the right remain unchanged
between an i3 architecture and an
IMS architecture.
    It is inappropriate to consider IMS-
based NG 9-1-1 and i3-compliant NG
9-1-1 as mutually exclusive or com-
peting standards. The ATIS specifica-
tion was developed to be interoperable
with i3 and to deliver a call to an i3
PSAP interface. The ATIS specifica-
tion is based on the requirements,
functional elements and interfaces
specified in NENA’s i3 standard. Fur-
thermore, the ATIS architecture
doesn’t include a number of functions,
features and capabilities of a complete
NG 9-1-1 ecosystem, so even if a
jurisdiction builds to the ATIS specifi-

cation, it may still require elements,
such as the policy routing function
(PRF), from i3. Considering the inter-
faces and functional elements in both
architectures are clearly defined, it is
possible to deliver an emergency call
from an IMS-based origination net-
work into an i3 NG 9-1-1 system,
carry an emergency call all the way
through an IMS-based origination net-
work or IMS-based NG 9-1-1 system
into an i3 PSAP, and transfer calls
from any system to another system
regardless of vendor. 
    ATIS says the following in the
preface of the specification: “ATIS’
intent in this development work was
to produce a standard method for
IMS-based carriers to offer NG 9-1-1
services wholly within their IMS
platforms while maintaining consis-
tency and interoperability with the
NENA i3 emergency system IP net-
work (ESInet)/next-generation core
services (NGCS) design goals. This
standards approach allows IMS-based
carriers to take advantage of com-
plete IMS interoperability and fea-
tures found in their existing IMS
ecosystems while still remaining
interoperable with downstream i3
PSAPs that implement NENA i3
standards and interfaces. 
    “It is also ATIS’s goal to assure
that terminating NG 9-1-1 entities,
such as i3 PSAPs, find the upstream
networks that are built on the ATIS
IMS-based NG 9-1-1 service architec-
ture to be as completely interoperable
with their systems and networks as
that of a NENA i3 NG 9-1-1 standard
SIP-based architecture. This goal of
transparency, both upstream and
downstream between architectures,
ensures that an i3 PSAP should find
no difference whether the i3 PSAP
interconnects to a NENA i3 ESInet
with NGCS, or interconnects to an
ATIS IMS-based NG 9-1-1 service
architecture. This consistent interoper-

ability principle has guided all of
ATIS’s development work since the
beginning, as documented within the
original issue statement underlying
this work.”
    The ATIS architecture was
designed to enable 9-1-1 service
providers who had already invested
in IMS platforms to leverage that
investment to support emergency call
routing. However, network function
virtualization (NFV) and software-
defined networks (SDNs) can allow
9-1-1 authorities to build, operate and
manage their own IMS-based NG 
9-1-1 ESNs or continue down the i3
implementation path. It is apparent
that enterprise solutions to access net-
works will not be IMS based, so not
all access networks will incorporate
IMS technology.

The Importance 
of Interoperability 
    The key to interoperability 
success is testing, even in a homoge-
neous network. NENA has been con-
ducting Industry Collaboration
Events (ICE) since 2009 with eight
for i3 architecture held to date in the
United States. The European
Telecommunications Standards Insti-
tute (ETSI) held the third European
event, the NG 1-1-2 Emergency
Communications Plugtests, in France
in January.
    While IMS FEs undergo rigorous
testing within the laboratories of major
service providers and commercial
IMS-based wireless and wireline net-
works are enabling sharing multime-
dia content — voice, video, enhanced
messaging and other rich communica-
tions services — regardless of the
device, service provider or access net-
work, there had not been any IMS-
based NG 9-1-1 emergency services
architecture deployment or interoper-
ability testing by any 9-1-1 service
provider or 9-1-1 authority publicly

Canada and parts of Europe have a 
mandate for service providers to support 
next-generation networks. Therefore, 
there is going to be a large requirement 
for IMS and i3 interconnection.
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announced at press time.
    If one assumes that there may be a
combination of i3 and IMS-based
NG 9-1-1 system implementations in
the near future, it is also imperative
that IMS-based to i3 system interop-
erability testing be conducted. This
would be important if more than one
9-1-1 service provider or 9-1-1
authority deploys an IMS-based
emergency system because cus-
tomers require this interoperability. 
    The point of this article is not to
say that one NG 9-1-1 architecture is
better than the other but instead to
show that, in theory, the two have
advantages and disadvantages, and
they should be able to coexist. Now,
it is up to all of us to validate this

theory. The vast majority of installa-
tions and interoperability testing of
NG 9-1-1 both in the United States
and globally is i3 based, and this
work needs to continue. That being
said, a large number of countries
including Canada and parts of
Europe have a mandate for service
providers to support next-generation
networks. Therefore, there is going
to be a large requirement for IMS
and i3 interconnection. n
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If one assumes that there may be a 
combination of i3 and IMS-based NG 9-1-1 
system implementations in the near 
future, it is also imperative that IMS-based 
to i3 system interoperability be conducted.


