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Abstract

This Technical Report is a feasibility study that analyzes the Location-Based Routing (LBR) methods, identifies gaps and makes
recommendations for potential standards activity.
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ATIS TECHNICAL REPORT ATIS-0700042

Enhancing Location-Based Routing of Emergency Calls

1 Scope, Purpose, & Application

1.1 Scope

The Scope of this Technical Report is an analysis of improved Location-Based Routing (LBR) methods using the
Communications Security, Reliability and Interoperability Council (CSRIC) V Location-Based Routing Report as the
basis.

1.2 Purpose

This Technical Report is a feasibility study that analyzes the Location-Based Routing methods for Commercial
Mobile Radio Service (CMRS) wireless emergency calls as described in the CSRIC V LBR Report and any other
methods to enhance LBR that have been identified since the publication of the CSRIC V report. Criteria for the
analysis is developed. The Technical Report includes analysis of whether existing standards support a particular
LBR method, and if not, what standards gaps exist to support a particular LBR method.

1.3 Application

This Technical Report applies to the investigation of the improvement of CMRS wireless routing techniques based
upon the location of the caller.

2 References

The following standards contain provisions which, through reference in this text, constitute provisions of this
Standard. At the time of publication, the editions indicated were valid. All standards are subject to revision, and
parties to agreements based on this Standard are encouraged to investigate the possibility of applying the most
recent editions of the standards indicated below.

[Ref 1]: CSRIC V - Final Report — Task 2: 911 Location-Based Routing, September 2016.

[Ref 2]: Wireless E911 Location Accuracy Requirements, FOURTH REPORT AND ORDER, PS Docket No.
07-114, FCC, February 3, 2015.

[Ref 3]: Notice of Inquiry, Location-Based Routing for Wireless 911 Calls, FCC, March 23, 2018.

[Ref 4]: ATIS-0500001[Revised in 2011], High Level Requirements for Accuracy Testing Methodologies.

[Ref 5]: ATIS-0700015, ATIS Standard for Implementation of 3GPP Common IMS Emergency Procedures for
IMS Oirigination and ESInet/Legacy Selective Router Termination.

[Ref 6]: NENA-STA-010.3, NENA i3 Standard for NG9-1-1 (to be issued).

3 Definitions, Acronyms, & Abbreviations

For a list of common communications terms and definitions, please visit the ATIS Telecom Glossary, which is
located at < https://glossary.atis.org/ >.

3.1 Definitions

Cold Start — In a cold start, the wireless network or handset shall not make use of any location assistance
information and positioning knowledge retained from a previous attempt. Such information would not be available
to a handset that was originating a 9-1-1 call and that had been turned off for an extended period. See ATIS-
0500001[Revised in 2011], High Level Requirements for Accuracy Testing Methodologies, for further details.
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Hot Start — In a hot start, data from a recent position fixes may retained from one or more previous attempts and
may be utilized in subsequent location fixes. For Global Positioning System (GPS), this would mean almanac,
ephemeris, fine time and accurate position are retained. See ATIS-0500001[Revised in 2011], High Level
Requirements for Accuracy Testing Methodologies, for further details.
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DBH - Device-Based Hybrid. An estimation method that typically utilizes either a selection or a combination of
location methods available to the handset in a given environment — including crowd-sourced Wireless Fidelity (Wi-
Fi), Assisted-Global Navigation Satellite System (A-GNSS), and possibly other handset-based sensors. It also
includes an associated uncertainty estimate reflective of the quality of the returned location.

3.2 Acronyms & Abbreviations

A-GNSS
A-GPS
ALl
ATIS
CLIP
CMRS
CSRIC
DBH
ECID
ECS
EED
ELS
EPDU
E-SMLC
E-UTRAN
ESIF
ESInet
ESRK
ESRP
FLP
GMLC
GNSS
GPS
HELO
HTTPS
IMS

IP

LBR
LbyR
LCS

LIS
LOCIWF
LoST
LPG

Assisted-Global Navigation Satellite System
Assisted-GPS

Automatic Location Identification

Alliance for Telecommunications Industry Solutions
Common Location Interworking Protocol

Commercial Mobile Radio Service

Communications Security, Reliability and Interoperability Council

Device-Based Hybrid

Enhanced Cell Identification

Emergency Call Server

Enhanced Emergency Data

Emergency Location Services

External Protocol Data Unit

Evolved Serving Mobile Location Center
Evolved UMTS Terrestrial Radio Access Network
Emergency Services Interconnection Forum
Emergency Services IP network
Emergency Services Routing Key
Emergency Service Routing Proxy
Fused Location Provider

Gateway Mobile Location Center

Global Navigation Satellite Systems
Global Positioning System

Hybrid Emergency Location

Hyper Text Transfer Protocol Secure

IP Multimedia Subsystem

Internet Protocol

Location-Based Routing

Location by Reference

LoCation Services

Location Information Server

Location Interworking Function
Location-to-Service Translation

Legacy PSAP Gateway
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LPP LTE Positioning Protocol

LRF Location Retrieval Function

LS Location Server

LTE Long-Term Evolution

MDN Mobile Directory Number

MME Mobility Management Entity

MPC Mobile Positioning Center

MSC Mobile Switching Center

MSISDN Mobile Station International Subscriber Directory Number
NEAD National Emergency Address Database
NEAM National Emergency Address Manager

NENA National Emergency Number Association

NG Next Generation

NILR Network Initiated Location Request

NOI Notice of Inquiry

NSI Non-Service Initialized

OEM Original Equipment Manufacturer

OMA Open Mobile Alliance

(O] Operating System

OTDOA Observed Time Difference of Arrival

PTSC Packet Technologies and Systems Committee
PSAP Public Safety Answering Point

RDF Routing Determination Function

SLP Secure User Plane Location Platform

SMS Short Message Service

SMS-C Short Message Service Center

SUPL Secure User Plane Location

TIA Telecommunications Industry Association

UE User Equipment

UMTS Universal Mobile Telecommunications Service
Wi-Fi Wireless Fidelity

WLAN Wireless Local Area Network

WSP Wireless Service Provider

WTSC Wireless Technologies and Systems Committee

4 Background

CSRIC V Working Group 1, in the context of its Task 2 activity, documented its efforts to identify and evaluate
location-based routing methods. In the resulting report, characteristics and considerations for each method are
outlined, along with any specific architectural, technical, operational and security requirements. In addition, the role
and responsibilities of stakeholders associated with each LBR method are outlined. The entire report may be found
at < https://transition.fcc.gov/bureaus/pshs/advisory/csric5/\WG1_Task2 FinalReport 092016.docx >.

The following quote is taken from Section 6 — Key Considerations of Location-Based Routing of the CSRIC V report
regarding effective location-based routing.

“In order for location-based routing to be effective in delivering the 9-1-1 call to the jurisdictionally appropriate Public
Safety Answering Point (PSAP), the location needs to be calculated in 5 seconds or less with a fairly high-degree
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of accuracy. This is more challenging for technologies utilizing location techniques from a “cold start” than those
relying on long-term location tracking of callers, also known as “hot start” location methodology.”

The CSRIC V report noted “Location-based routing of wireless 9-1-1 calls can be accomplished using a number of
different methods. Each location-based routing method has its own pros and cons, among other considerations.”.

The CSRIC V report evaluated five alternatives to support LBR as noted below and identified pros, cons and
recommendations.

1. Hold Call until Phase 2 Available

“Option 1: Hold call at Wireless Mobile Switching Center (MSC) or Hold call at the MSC based on delaying routing
info from Mobile Positioning Center (MPC)/Emergency Call Server (ECS).

“Option 2: Hold call at the PSAP gateway.”

2. Interim or Quick Fix

“In this LBR method, the 9-1-1 call can be routed using an Interim or Quick Fix that is delivered by the Wireless
Service Provider (WSP) in 5 seconds or less. The X/Y coordinates delivered with the Interim or Quick Fix, are
plotted on a geospatial shape file of one or more PSAP jurisdictional boundaries and delivered to the PSAP in
which the X/Y coordinates are plotted. Generally, this method necessitates holding the 9-1-1 call at one of the
points outlined in Section 7.17, utilizing a timer of up to 6 seconds.”

3. Geo-code Registered/Provisioned Civic Address
“Registered or provisioned civic address options:
“Option 1: Static or nomadic consumer home device that has customer register location of device.

“Option 2: Semi-permanent devices or cells installed by carrier or other commercial entity — addresses provisioned
by entity.

“Option 3: Dynamic geo-code registration — nomadic device that can update its registered civic address in real time
through reverse geo-coding.”

4. Device-Based Hybrid Location

“Device-Based Hybrid (DBH) location is an estimation method that typically utilizes either a selection or a
combination of location methods available to the handset in a given environment, including crowd-sourced Wi-Fi,
A-GNSS, and possibly other handset-based sensors. It also includes an associated uncertainty estimate reflective
of the quality of the returned location.”

5. Wireless 9-1-1 Location Accuracy Emerging Technologies

“Wireless carriers are in the process of implementing the FCC’s Fourth 4t Report and Order? on 9-1-1 location
accuracy that includes provisions for an independent Test Bed to assess the indoor location accuracy of carrier-
deployed location solutions and new, emerging location technologies, the creation of the National Emergency
Address Database (NEAD) for storing Wi-Fi access points and Bluetooth® beacons for determination of
dispatchable location, and the establishment of a z-axis metric through the Test Bed process.”

" Hold call until Phase 2 available options.

2 Wireless E911 Location Accuracy Requirements, 30 FCC Rcd 1259 at paras. 121-132 (2015) (“Fourth Report & Order”).
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The recommendations of the CSRIC V LBR Report are summarized below:

“It is not recommended to delay the call delivery to the 9-1-1 system and associated PSAPs for
timeframes related to the current availability of Phase 2 location.

“It is recommended that Interim or Quick Fix be used where its implementation is expected to derive
sufficient benefit to justify investment. This methodology may have some benefits, but there are some
factors that may limit its usefulness and return on investment depending on how implemented.

“It is recommended that the FCC work with device manufacturers and WSPs to assess the feasibility of
enabling all devices used for static and nomadic purposes with the ability to validate if it has been moved
and alert the network of its status.

“It is recommended to further study the suitability of device-based hybrid for use in E9-1-1 call

routing. To-date, no location method, other than Cell ID, has proven reliable enough and quick enough to
be relied upon for routing 9-1-1 calls to the appropriate PSAP. While DBH methods are already moving
the performance needle to locate wireless callers in challenging indoor environments, it remains to be
seen whether this method will prove useful in improving 9-1-1 call routing.

“It is recommended that the FCC reach out to the Smartphone operating system and device providers
such as Apple, Google, LG, Nokia, etc. to invite them to participate in 9-1-1 industry forums and
standards activities as 9-1-1 location providers and advise on what action(s) by the FCC would be
required to provide WSPs with the assurances and protections needed in order for them to implement
proprietary 3™ party location solutions.

“It is recommended that WSPs should investigate updating device and location server capabilities to
choose for use with 9-1-1 location-based call routing, between obtaining an interim Assisted-GPS (A-
GPS) location fix or utilizing a current location stored on the device from a commercial location application
running on the phone, that has been sanity checked for validity.

“It is recommended that the standard bodies Telecommunications Industry Association (TIA) TR-45.8 and
Alliance for Telecommunication Industry Solutions (ATIS) Wireless Technologies and Systems Committee
(WTSC) need to review J-STD-036 to determine if any interface, signaling and parameter changes are
required in order to support the utilization of a device’s commercial location as an interim location method
for delivery and use with wireless 9-1-1 call routing.

“It is recommended that the FCC should continue to support the independent testing and analysis of new
location technologies that promise significantly increased accuracy and quicker time to first fixes that
would allow for their use in routing 9-1-1 calls to the jurisdictionally appropriate PSAP.

“It is recommended that the FCC should encourage the use of additional A-GPS/A-GNSS satellite
constellations by WSPs as one input, among many inputs, into the 9-1-1 location algorithm as it is
currently in use for device-based hybrid commercial locations.

“It is recommended that the FCC should seek assurance from providers of location fixes calculated from
proprietary databases sought to be used for routing 9-1-1 calls, that their databases and algorithms are

maintained in a manner that assures consistent and accurate locations required for emergency services.
Furthermore, the FCC should require these databases to be standards compliant and allow for periodic,

standardized accuracy testing conducted by users and recipients of DBH locations, without sending the

voice call to PSAP.

“It is recommended that the FCC should require providers of location fixes calculated from proprietary
databases sought to be used for routing 9-1-1 calls, to provide metrics and other performance verification
tools to WSPs to ensure that the location fixes meet accuracy and quality requirements.

“It is recommended that the WSPs who deliver 9-1-1 calls and are held responsible for the calculation of
the locations fixes passed to public safety, must have metrics and procedures in place to ensure that
internal positioning methodologies used are reliable, consistent and performing at expected accuracy and
quality requirements.”

5 Assumptions

The following are assumptions regarding Location-Based Routing that are used in the analysis contained within this
Technical Report.
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1. Location-Based Routing is only supported on originating networks supporting 4G Long-Term Evolution
(LTE) and beyond.

2. Any location technologies that deliver enhanced location directly to the PSAP are out of scope.

3. The User Equipment (UE) must be registered with the network [i.e., LBR is not supported on Non-Service
Initialized (NSI) handsets].

4. The UE may be mobile, static (fixed) or nomadic.

5. LBR s only supported when the location source can send the UE’s location to the network within the time
required to perform routing for an emergency call.

6. Perthe FCC CSRIC V report recommendations, a “routable location” should be available within 5 seconds?
of the initiation of a 9-1-1 call.

7. When location determination is done outside the originating network via proprietary methods, the interface
for location conveyance to the originating network needs to be standardized.

8. There may be one or more location determination methodologies capable of generating a location for use
with LBR.

9. It is the responsibility of the originating network to select the available location estimate most likely to be
representative of the UE’s actual location for use in routing the call.

10. The location used for LBR may be either civic or geodetic.

11. The fallback for Location-Based Routing is cell site/sector routing if no lower-uncertainty location estimate
is available.

12. Originating network LBR requires no changes in the emergency service network or the PSAP.

13. The preference for CMRS call routing is using LBR techniques. However, cells entirely inside a single PSAP
coverage area may be flagged to have cell-based routing to restrict the additional delay of LBR for cells at,
or near, the boundary of a PSAP coverage area.

6 Standards Associated with Location-based Routing

6.1 ATIS-0700015

ATIS developed ATIS-0700015, ATIS Standard for Implementation of 3GPP Common IMS Emergency Procedures
for IMS Origination and ESlInet/Legacy Selective Router Termination to define and adapt as necessary 3GPP
common |IP Multimedia Subsystem (IMS) emergency procedures for applicability in North America. This standard
supports emergency communications originating from an IMS subscriber (fixed, nomadic, or mobile) and delivered
to an Emergency Services IP network (ESInet) or to a legacy Selective Router. As it relates to the FCC Notice of
Inquiry (NOI), the standard defined procedures for an IMS Originating Service Provider network to acquire location
and route an emergency call to the appropriate Emergency Services Network. The standard is intended to
complement the National Emergency Number Association (NENA) i3 standard.

In brief, two functional elements are defined to specify how location is acquired and routed to the appropriate
Emergency Services Network.

e The Location Server (LS) is a functional element that contains or acquires location. ATIS-0700015 did not
identify specific location acquisition procedures for the LS, and there may be various implementations of a
LS. Examples of a LS may be a Gateway Mobile Location Center (GMLC), a Secure User Plane Location
(SUPL) Platform (SLP), an MPC, Evolved Serving Mobile Location Center (E-SMLC) or a Fixed Location
Server.

e The Location Retrieval Function (LRF) retrieves location information for a UE, if necessary, from the LS,
and obtains routing information for an emergency session from the Routing Determination Function
(RDF).

In the near term where the caller’s location cannot be obtained in time to route the call, ATIS-0700015 defines
procedures for the LRF to route emergency calls based upon cell site information. Specifically, if an emergency call
is to be routed to a legacy Emergency Services Network, the LRF will allocate a Reference Identifier [e.g., an
Emergency Services Routing Key (ESRK)] in a similar manner as is done for legacy CMRS networks. If a call is to
be routed to a NG9-1-1 Emergency Services Network the LRF will allocate a Reference Identifier associated with
an Associated Location. An Associated Location is a location within the designated PSAP jurisdiction that may be
used in wireless call scenarios to route the call toward the designated PSAP. It may either be in geodetic format

3 More recent technological developments have suggested that shorter timeframes are possible and preferable.
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(e.g., lat: 41.809882, long: -88.112388) or civic format (e.g., 3030 Warrenville Rd Lisle IL). The LRF will allocate a
Reference Identifier [referred to by NENA i3 as Location by Reference (LbyR)] that may be used by the NG9-1-1
Emergency Services Network to acquire the Associated Location and route the call to the PSAP. While the
Associated Location is used for routing in the NG9-1-1 Emergency Services Network it is never presented to the
PSAP.

In addition, ATIS-0700015 defines procedures to route emergency calls based upon the caller’s location if that
location can be obtained within a reasonable window for call routing. Specifically, if a call is to be routed to a legacy
Emergency Services Network, the LRF will allocate an ESRK based upon the caller’s location. If a call is to be
routed to a NG9-1-1 Emergency Services Network the LRF will allocate a Reference Identifier [referred to by NENA
i3 as Location by Reference (LbyR)] that may be used by the NG9-1-1 Emergency Services Network to acquire the
caller’s location. The caller’s location will then be used to route the call to the PSAP.

While ATIS-0700015 does not specify location technologies that may be used to acquire the caller’s location in time
to be used for routing, it does provide the mechanism to use that location for routing if it is available. Further
discussion regarding ATIS-0700015 may be found in Annex A.

6.2 3GPP 23.271 Technical Specification Group Services and System
Aspects; Functional stage 2 description of Location Services (LCS)

This standard specifies the stage 2 procedures for the LoCation Services (LCS) feature in Universal Mobile
Telecommunications Service (UMTS), GSM and EPS [for Evolved UMTS Terrestrial Radio Access Network (E-
UTRAN)], which provides the mechanisms to support mobile location services for operators, subscribers and third
party service providers.

Location Services may be considered a network-provided enabling technology consisting of standardized service
capabilities, which enable the provision of location applications. The application(s) may be service provider specific.
The description of the numerous and varied possible location applications which are enabled by this technology are
outside the scope of this Technical Report. However, clarifying examples of how the functionality being described
may be used to provide specific location services may be included.

This stage 2 service description covers the LCS system functional model for the whole system, the LCS system
architecture, state descriptions, message flows, etc.

6.3 3GPP TS 36.355 Technical Specification Group Radio Access Network;
Evolved Universal Terrestrial Radio Access (E-UTRA); LTE Positioning
Protocol (LPP)

LTE Positioning Protocol (LPP) is a point-to-point protocol between a location server (E-SMLC or SLP) and a target
device (User Equipment [UE]) in order to position the target device using position-related measurements obtained
by one or more reference sources. An LPP session is used between a Location Server and the target device in
order to obtain location related measurements or a location estimate or to transfer assistance data.

Starting in 3GPP Release 12, LPP supports an early location fix capability, whereby a location server (e.g., an E-
SMLC) can request an early location fix followed by a final more accurate location fix. The location server indicates
this request to the UE by providing two response times: a “responseTimeEarlyFix” for the early location and a final
response time for the final location, with both response times lying between 1 and 128 seconds. The early and final
location fix can each be a location estimate or a set of measurements [e.g., measurements for A-GPS, A-GNSS,
Enhanced Cell Identification (ECID), Observed Time Difference Of Arrival (OTDOA) or Wireless Local Area Network
(WLAN)]. A benefit of this procedure compared to using two separate LPP requests (one with a low response time
and another with a higher response time) is that the UE will not discard the measurements used for the early location
fix but will instead apply them to the final location fix, which can increase the accuracy and/or reduce the response
time for the final location fix.

6.4 OMA LPP Extensions (LPPe)

LTE Positioning Protocol LPP [3GPP-LPP] is a positioning protocol for E-UTRAN control plane. However, LPP has
been designed in such a way that it can also be utilized outside the control plane domain such as in the user plane
in the context of SUPL. LPP elementary messages (Request and Provision of Capabilities and Location Information
and Assistance Data) each include a container, an External Protocol Data Unit (EPDU), which can be used by
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standardization fora outside 3GPP to define their own extensions to LPP messages. Open Mobile Alliance (OMA)
LPP Extensions take advantage of this option.

6.5 ATIS-0700028 - Location Accuracy Improvements for Emergency Calls

ATIS-07000284 specifies the requirements, architecture, and interfaces required to support improved location
accuracy as set forth in the FCC’s Fourth R&O on location accuracy®. Access Point and/or Bluetooth beacon public
civic address information from External Data Sources is sent to the National Emergency Address Manager (NEAM).
The NEAM validates and geocodes this civic address information and pushes the location information to the NEAD.
In real time, the caller initiates a 9-1-1 call and Access Point and/or Bluetooth beacon identifiers (e.g., MAC
addresses) visible to the UE may be obtained by the Serving Core Network. In today’s environment the Serving
Core Network uses the cell ID information to route the call toward the PSAP. In parallel, the Serving Core Network
queries the NEAD with these Reference Point identifiers and initiates the acquisition of the geodetic location using
Phase |l processing methods. The NEAD returns the civic addresses and associated geocoded locations of the
Access Points or Bluetooth beacons. The Serving Core Network may choose the most appropriate location returned
from the NEAD and caches that, along with the geodetic location it acquired, in anticipation of a location query from
the Legacy Emergency Services Network or anNG9-1-1 Emergency Services Network.

7 Supplemental Location Acquisition Technology/Offerings

In addition to the methods discussed in this Technical Report. there are products and services that have the potential
to provide emergency caller location to the PSAP. None of those solutions currently offer location-based routing
capabilities..

RapidSOS

RapidSOS provides a Clearinghouse for supplemental location and its website states the following, “[{ihe NG9-1-1
Clearinghouse is a nationwide Location Information Server (LIS) for faster, more accurate device location from
smartphones.” When a mobile 9-1-1 call origination is detected on supported devices, handset location is pushed
to the RapidSOS LIS. RapidSOS partners with Google, Apple, and other technology companies to make their
location data available to PSAPs as supplemental location information. When a mobile 9-1-1 call is received at the
PSAP, the PSAP queries, potentially through an ESInet, the RapidSOS LIS to obtain the mobile device location.
The PSAP may compare the location information provided by RapidSOS with the location information it received
using the normal Wireless Phase Il delivery methods.

Android Emergency Location Services (ELS) from Google

ELS is a supplemental service that makes handset location from Android phones available to emergency services
during a 9-1-1 emergency call. ELS works on more than 99% of current Android devices with Google Play Services.
Location is computed on the handset and sent toward the PSAP/emergency services network via a destination
Endpoint maintained by the ELS partner. The location is not received or used by Google.

When configured, ELS will be activated when the Android user calls or texts a configured emergency number.
Location services will be automatically enabled in high accuracy mode and a high power location request is
registered with the Android Fused Location Provider (FLP). FLP analyzes A-GPS, cell tower trilateration, Wi-Fi
hotspot proximity, Bluetooth, and a variety of sensor data in the phone to derive accurate location indoors and
outdoors (latitude, longitude, altitude) as quickly as possible. Once the emergency call is completed, the user’s
previous location and data settings are restored.

4 ATIS-0700028, Location Accuracy Improvements for Emergency Calls

5 FCC 07-114, Federal Communications Commission Fourth Report and Order in the Matter of
Wireless E911 Location Accuracy Requirements; February 3, 2015
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Emergency call Location Location sent directly to emergency services through
initiated by computed endpoint (maintained by partner) per partner-specified
Android device on device configuration (MCC/MNC, etc)

Figure 1 — Android Emergency Location Services (ELS)

ELS requires at least one "endpoint"” [e.g., Short Message Service Center (SMS-C) or Hyper Text Transfer Protocol
Secure (HTTPS) server] to receive location information. This means that if it were implemented in the U. S., the
ELS solution could be incorporated into the carrier Short Message Service (SMS) service or the device would need
to have Internet connectivity to access an HTTPS server.

Apple Hybrid Emergency Location (HELO)

When a user initiates an emergency call, supported Apple devices can obtain location information from various
sources, such as Global Navigation Satellite Systems (GNSSs) and Wi-Fi. Apple calls this capability “Hybridized
Emergency Location” or “HELO”. HELO is available during an emergency call on iPhone 5s or later running iOS 9.0
or later, and on Apple Watch, via the Network Initiated Location Request (NILR) path. HELO may not be supported
by all legacy radio access technologies and must be elected by each carrier. In testing with the NILR process, the
HELO process, as integrated into NILR, typically requires 8 — 22 seconds to acquire a high-integrity, low-uncertainty
fix.

Enhanced Emergency Data (EED) is a supplemental conveyance capability to provide HELO data to PSAPs via an
alternate data path. Support for HELO plus EED functionality is available on iPhones running iOS 12 and Apple
Watch running watchOS 5.

When a user makes a 9-1-1 call from an EED enabled device, the device will use HELO to estimate the user’s
location. Apple will forward the HELO estimate to a LIS. After the first EED message, subsequent messages are
automatically sent to the LIS at regular intervals. When a call arrives at a local 9-1-1 center, it may query the LIS
using the caller’'s mobile telephone number.

Samsung/Laaser

The LaaSer platform has the ability to provide location data for public safety through various methods. Within the
U.S., LaaSer has taken a carrier-centric approach which entails integrating device location into existing carrier
mechanisms and functions. As such, in the U.S., LaaSer is not technically a supplemental location provider as it is
intended to be integrated into the IMS/LTE network architecture call flow.

LaaSer provides a caller location and supplemental data platform that receives data from mobile devices and other
sources. The LaaSer platform can receive data from participating Original Equipment Manufacturer
(OEM)/Operating System (OS) emergency location and supplemental data systems that support a specification that
LaaSer has defined. According to LaaSer, multiple OEMs are in various stages of implementing to their
specification. In this manner LaaSer can receive device-determined location data and/or raw telemetry information
(e.g., beacon-based location) to perform additional location determination and validation. LaaSer’s location platform
uses that telemetry data, wireless carrier network location data, and other inferential and exogenous data to
determine and validate the device location with an accompanying normalized uncertainty and confidence.

One example of an OEM implementation that supports LaaSer’s specification is Samsung’s Advanced911 function,
via which LaaSer’s location platform can be used to facilitate both caller location delivery and location-based routing.
LaaSer-enabled Samsung devices send telemetry data during key events in the 9-1-1 dialing process. The process
flow of data transmission is configurable per wireless carrier, public safety entity, and/or jurisdictional preferences
to ensure compliance with all applicable standards and requirements. This approach is designed to deliver fast and
credible location determination.
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Extensive testing, trials, and pilots conducted in partnership with OEMs, wireless carriers, and public safety entities
have shown that routable locations from enabled devices are available within two (2) seconds from the caller
pressing “dial” or “send” on a high percentage of 9-1-1 emergency calls. The determination of what it means to be
“routable” is configurable per carrier and jurisdictional preferences and can vary relative to call characteristics (i.e.,
taking into account the size or type of serving cell sector). The device-based routing capability is intended to
augment existing wireless carrier network routing mechanisms and is an “improvement only” system, meaning that
it will not hinder or slow down existing wireless carrier network routing mechanisms. If the device location is not
determined at a sufficient uncertainty in time to be used for emergency call routing, the existing wireless carrier
routing mechanism will proceed as normal.

7.1 Applicability to the CSRIC V LBR Categories

The CSRIC V report identified 5 alternatives to support location-based routing. In general, the supplemental location
acquisition technology methods would have to be integrated into the IMS/LTE call flow in order to facilitate improved
location-based routing. The following paragraphs illustrate the applicability of the location technologies described
in Clause 7 to the 5 CSRIC V alternatives.

1. Hold Call until Phase 2 Available

Since this alternative suggests delaying call routing until the Phase Il location is obtained, none of the location
acquisition technology methods described in Clause 7 would apply.

2. Interim or Quick Fix

This alternative suggests delaying the call routing until a location suitable for routing (but not necessarily for
dispatch) is acquired by the mobile network.

RapidSOS

Since RapidSOS provides a NG9-1-1 Clearing House (a LIS), it would not be involved in an IMS/LTE call flow
and would not apply to this alternative.

Google ELS

In current implementations the Google “endpoint” is outside the domain of the IMS/LTE call flow infrastructure.
Google’s “endpoint”, which receives the mobile device location, would have to be integrated into a “gateway” o
providing access to the IMS/LTE network location acquisition technologies. Another method would be for the
Android mobile sets to incorporate the location in the call request with the 9-1-1 call. Therefore, the Google ELS
solution may be suitable for this alternative, provided that location is available within the same time frame as
the interim or quick fix location would be available.

Apple HELO

In current implementations the IMS/LTE call routing infrastructure may not be configured to use Apple’s HELO.
In addition to the NILR path, the Apple HELO-provided location could conceivably be integrated into a “gateway”
or location clearinghouse providing access to the IMS/LTE network location routing technologies.

Another method could be for Apple iPhones mobile sets to incorporate the location in the call request with the
9-1-1 call. Therefore, the Apple HELO solution may be suitable for this alternative, provided location is available
within the same time frame as the interim or quick fix location would be available.

LaaSer

In current implementations the LaaSer location delivery application is outside the domain of the IMS/LTE call
routing infrastructure. However, the LaaSer location delivery application is intended to be integrated into the
IMS/LTE network location routing technologies. Another method could be for LaaSer-enabled handsets to
incorporate the location in the call request with the 9-1-1 call. Therefore, the LaaSer solution may be suitable
for this alternative, provided location is available within the same time frame as the interim or quick fix location
would be available.

National Emergency Address Database (NEAD)

As mentioned above the NEAD returns civic addresses and geocoded locations of Access Points and Bluetooth
beacons, if available, when queried by the Serving Core Network. In normal operation the Serving Core Network
would choose the most appropriate civic address and hold that civic address while it acquires a geodetic
location. The geodetic and NEAD-provided civic address would be returned when the Serving Core Network
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was queried by an ALI system in a Legacy Emergency Services Network or a PSAP served by an NG
Emergency Services Network.

If the NEAD location information were to be considered for Interim or Quick Fix location-based routing,
conceptually the Serving Core Network could use the most appropriate civic address received from the NEAD
for routing

3. Geo-code Registered/Provisioned Civic Address

Since this alternative suggests geocoding a registered location, none of the location acquisition technology
methods described in Clause 7 would apply.

4. Device-Based Hybrid Location

This alternative assumes some interaction between the handset and the mobile network in order to acquire
location.

RapidSOS

Since RapidSOS provides a NG9-1-1 Clearing House (a LIS), it would not be involved in an IMS/LTE call flow
and would not apply to this alternative.

Google ELS

In current implementations the Google “endpoint” is outside the domain of the IMS/LTE call flow infrastructure.
Google’s “endpoint”, which receives the mobile device location, would have to be integrated into a “gateway”
providing access to the IMS/LTE network location acquisition technologies. Therefore, the gateway and the
mobile handset would interact to acquire the caller location. The Google solution may be suitable for this
alternative, provided that location is available within the required time frame.

Apple HELO

In current implementations the IMS/LTE call routing infrastructure may not be configured to use Apple’s HELO.
In addition to the NILR path, the Apple HELO-provided location could conceivably be integrated into a “gateway”
or location clearinghouse providing access to the IMS/LTE network location routing technologies. Another
method could be for Apple iPhones mobile sets to incorporate the location in the call request with the 9-1-1 call.
Therefore, the Apple HELO solution may be suitable for this alternative, provided location is available within the
required time frame.

LaaSer

In current implementation the LaaSer location delivery application is outside the domain of the IMS/LTE call
routing infrastructure. However, the LaaSer location delivery application is intended to be integrated into the
IMS/LTE network location routing technologies. Another method could be for LaaSer-enabled handsets to
incorporate the location in the call request with the 9-1-1 call. Therefore, the LaaSer solution may be suitable
for this alternative, provided location is available within the required time frame.

5. Wireless 9-1-1 Location Accuracy Emerging Technologies

This alternative relies upon compliance to the FCC 4t Report and Order on 9-1-1 Location Accuracy to identify
methods to improve location-based routing. However, the FCC 4t Report and Order focuses only on improved
location to the PSAP (i.e., Dispatchable Location) and not on improving emergency call routing.

8 Analysis of Location-Based Routing Methods

Previous clauses of this document have discussed standards and vendor offerings that relate to routing emergency
calls and providing location to the PSAP. None of them, as of the publication of this document, directly supports
location-based routing. This clause provides a high-level architectural diagram that may be used in the analysis of
the location technologies described in Clause 7, sets out criteria for assessing the feasibility of location-based
routing options and provides extensions that may be needed to support location-based routing.

11



426
427
428
429

430

431

432
433
434
435
436
437

438
439
440
441

442
443
444
445
446
447
448
449
450
451
452

453

454
455

456

457

458
459
460
461

ATIS-0700042

This clause discusses extension to current methods that may lead to the implementation of location-based routing
(vs. cell-based routing) of emergency calls. In order to route on location, the “routable” location must be available
in sufficient time so as not to delay call processing beyond acceptable limits. The discussion in this clause assumes
that is true.

8.1 Conceptual Architecture

To incorporate location-based routing into the CMRS network would require logical extensions to the routing
process defined in ATIS-0700015. This is similar to the concepts that were defined ATIS-0700028, Location
Accuracy Improvements for Emergency Calls where the CMRS network queried a NEAD to obtain locations
associated with Access Points or Bluetooth beacons®. In the case of location-based routing, the CMRS network
would use the location determination processes as normal and then, in parallel, determine if an enhanced location
may be available to route the call.

In the normal processing defined in ATIS-0700015 there are three functions that are involved in acquiring the
location and determining how to route the call. The LS is defined as the functional element that acquires the geodetic
location. In practice this maybe an E-SMLC or a GMLC. The LRF determines call routing information by
interrogating an RDF, and generates a Reference |dentifier (e.g., ESRK or location reference URI.

In order to extend the architecture and procedures specified in ATIS-0700015, there must be a standard way that
the CMRS network acquires the enhanced location. There is the potential to have multiple enhanced location
service providers that provide location using proprietary location protocols. Figure 2 illustrates a Location
Interworking Function (LOCIWF). Shown on the left side of the Location Interworking Function icon are various
Location Services, which provides a location in a manner that may be outside the concepts of the 3GPP standards.
It would be the responsibility of the Location Interworking Function to interwork those proprietary location protocol
methods to a standard protocol [illustrated by the use of Common Location Interworking Protocol (CLIP)]. Note that
CLIP may be a pull (query/response) protocol where the CMRS network queries the Location Interworking Function
and/or it may be a push protocol where the Location Interworking Function pushes a location to the CMRS network
once the Location Interworking Function has obtained it. The Location Interworking Function does not attempt to
normalize between location services. Again, these are just conceptual ideas.

Common Interworking
Location Protocol

Figure 2 — Conceptual Location Interworking Function

8.1.1 LS interacting with the LOCIWF

Figure 3 shows as an architecture diagram for location-based emergency call routing that uses an external Location
Interworking Function to acquire the UE location. In this approach, the LS interacts with the Location Interworking
Function over a new interface (shown as Interface 16 in Figure 3) to acquire the location information. The Location
Interworking Function acquires the UE location over the new interface (shown as Interface 17 in Figure 3). The

6 ATIS-0700028 did not address location-based routing but provided additional civic addresses in addition to the geodetic
location acquired by the location determination equipment.
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Location Interworking Function may have methods to detect the initiation of an emergency call by the UE and then
acquire the UE location automatically and push that location to the LS before it receives a request from the LS.

In parallel to the use of Location Interworking Function, the LS may request UE location from the E-SMLC over
interface 4. The E-SMLC may acquire the UE location over interface 5 using the current method. The E-SMLC
may also acquire the UE location when the emergency bearer is setup and push that location to the LS before it
receives a request from the LS.

Location
Interworking

Function
(LOCIWF)

E-SMLC @— Ls —@—

Location events (new)

Location events (now)

SIP signaling based call routing

TDM signaling (e.g. ISUP) based call routing

UE

IMS Nodes
( 1 \ (e.g. E-CSCF)

U/

Figure 3 — Architecture diagram with LS to Location Interworking Function interface

Table 1 — Definitions for Figure 3 & Figure 4

Term Definition
ALI Automatic Location Identification — Accepts query from Legacy PSAP and queries LRF
for location
E-SMLC Evolved Serving Mobile Location Center — responsible for acquiring UE location,
possibly by interacting with a UE or Location Interworking Function (as shown in Figure
4)
ECRF Emergency Call Routing Function — provides routing information for an emergency
session based upon the location provided by the Emergency Service Routing Proxy
(ESRP)
ESRP Emergency Service Routing Proxy — routing proxy that delivers the emergency session
to the NG PSAP or downstream ESRP
IMS Nodes IP Multimedia Subsystem — core IMS functional elements involved in routing the
emergency call
LOCIWF Location Interworking Function — interworks location provided by location services
providers to a common location format that may be consumed by CMRS network
elements (e.g., E-SMLC or LS)
Legacy PSAP Legacy Public Safety Answering Point
Legacy SR Legacy Selective Router — routes calls to the PSAP based upon a Reference identifier
such as an ESRK.
LRF Location Routing Function — retrieves location information for a UE and obtains routing
information for an emergency session from the RDF
LS Location Server — General term for the entity responsible for obtaining the location of
the UE (e.g., GMLC)
NG PSAP Next Generation 9-1-1 Public Safety Answering Point
RDF Routing Determination Function — provides routing information for an emergency
session based upon the location provided by the LRF
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Term Definition

UE User Equipment — initiates the emergency session establishment request

Table 2 — Interface Definitions for Figure 3

Interface Description

1 Signaling path for initiating the emergency session

2 Interface to acquire routing instructions

3 Location acquisition interface between the LRF and the LS (e.g., GMLC)

4 Location acquisition interface between the LS (e.g., GMLC) and the E-SMLC

5 Control plane location acquisition interface between the UE and the E-SMLC

6 Routing determination interface between the LRF and the RDF

7 Signaling path to route emergency request to ESRP

8 Location dereference interface for route determination between the LRF and ESRP

9 Routing determination interface between the ESRP and the ECRF

10 Signaling path to deliver the emergency call to a NG PSAP

11 Signaling path to route the emergency call to Legacy Selective Router

12 Signaling path to deliver the emergency call to a Legacy PSAP

13 Location dereference interface between the NG PSAP and the LRF

14 Location acquisition interface between the Legacy PSAP and the ALI

15 Location acquisition interface between the LRF and the ALI

16 Location acquisition interface that provides a common location protocol between the Location
Interworking Function and the LS (e.g., GMLC)

17 Logical interface (out of scope) between the UE and Location Services hosted on or associated with
the Location Interworking Function

8.1.2 E-SMLC interacting with the LOCIWF

Figure 4 shows as an architecture diagram for location-based emergency call routing that uses an external Location
Interworking Function to acquire the UE location. In this approach, the E-SMLC interacts with the Location
Interworking Function over a new interface (shown as Interface 16 in Figure 4) to acquire the location information.
The Location Interworking Function acquires the UE location over the new interface (shown as Interface 17 in Figure
4). The Location Interworking Function may have methods to detect the initiation of an emergency call by the UE
and then acquire the UE location automatically and push that location to the E-SMLC before it receives a request
from the E-SMLC. The E-SMLC may push any such received location information to the LS.

In parallel to interacting with the Location Interworking Function, the E-SMLC may acquire the UE location over
interface 5 using the current method. The E-SMLC may also acquire the UE location when the emergency bearer
is setup and push that location to the LS before it receives a request from the LS.
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Figure 4 — Architecture diagram with E-SMLC to Location Interworking Function interface

Table 3 — Interface Definitions for Figure 4

Interface Description
1-15 Same as described in Table 2
16 Location acquisition interface that provides a common location protocol between the Location
Interworking Function and the E-SMLC
17 Logical interface (out of scope) between the UE and Location Services hosted on or associated with
the Location Interworking Function

8.1.3 LRF interacting with the LOCIWF

Figure 5 shows as an architecture diagram for location-based emergency call routing that uses an external Location
Interworking Function to acquire the UE location. In this approach, the LRF interacts with the Location Interworking
Function over a new interface (shown as Interface 16 in Figure 5) to acquire the location information. The Location
Interworking Function acquires the UE location over the new interface (shown as Interface 17 in Figure 5). The
Location Interworking Function may have methods to detect the initiation of an emergency call by the UE and then
acquire the UE location automatically and push that location to the LS before it receives a request from the LS.

In parallel to interacting with the Location Interworking Function, the LRF may request UE location from the LS over
interface 3. The LS may interact with the E-SMLC to acquire the UE location over the interface 4 using the current
method. The E-SMLC may acquire the UE location over interface 5 using the current method. The E-SMLC may
also acquire the UE location when the emergency bearer is setup and push that location to the LS before it receives
a request from the LS.
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Figure 5 — Architecture diagram with LRF to Location Interworking Function interface

Table 4 — Interface Definitions for Figure 5

Interface Description
1-15 Same as described in Table 2
16 Location acquisition interface that provides a common location protocol between the Location

Interworking Function and the LRF

17 Logical interface (out of scope) between the UE and Location Services hosted on or associated with
the Location Interworking Function

8.2 Assessment Criteria
The following is a list of criteria to assess alternative location-based routing methods:

e Availability of location suitable for routing

Any solution needs to provide the location of the calling UE prior to some maximum amount of time (e.g., 2to 5
seconds) in order for the call to be routed based on location.

e Must be extensible from existing routing methods

ATIS-0700015 defines the methodology to route emergency services calls to either a legacy emergency services
network or a NENA i3 ESInet. Currently the standard identifies cell routing (using Associated Location) as the
technique to route wireless emergency calls. Any solution would have to be able to gracefully extend the ATIS-
0700015 architecture to enable location-based routing. If location-based routing cannot be performed, the fall back
is cell-based routing.

e Must be transparent to the emergency services network and PSAP

Any method that provides location-based routing must be transparent to the emergency services network and the
PSAP. That is, the CMRS network may acquire a routable location and use it to route to the appropriate emergency
services network. A NENA i3 ESRP may query for routing location and that routing location may be returned.
However, when the PSAP queries for location to support dispatch (i.e., emergencyDispatch) it should receive the
estimated location of the caller.
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8.3 Conceptual Call Flow Extensions to Support LBR

Currently ATIS-0700015 supports location-based routing based on UE provided location as described in Clauses
8.7.4 (Routing a UE Provided Location to the Legacy Emergency Services Network) and 8.7.5 (Routing a UE
Provided Location to the ESInet).

If a DBH implementation using the control plane is capable of delivering a location that may be used for routing,
Figure 6 illustrates that call flow.

In the normal flow illustrated in Figure C.1 of ATIS-0700015 (also shown in Annex A of this document) there is an
emergency attach (1). The Mobility Management Entity (MME) requests location from the E-SMLC (2). Depending
upon implementation there are positioning method messages that may flow between the E-SMLC and the UE (3).
Once the position has been acquired the E-SMLC responds back to the MME with the location (4). Then the MME
pushes the location to the GMLC (5) and the GMLC acknowledges receipt of that location (6). In the current
environment the GMLC caches the location in anticipation of a query from an LRF.

Figure 6 extends ATIS-0700015 Figure C.1 to support location-based routing using DBH. In Step a the UE detects
the emergency call. Steps 1, 2, and 3 occur as discussed above. In parallel, the LRF receives an INVITE from the
E-CSCF as shown in Step i and queries the GMLC as shown in Step ii; it does not determine an Associated
Location. Steps 3 through 6 continue as discussed above. The GMLC responds to the LRF providing it with location
information (Step iii). If the location is returned within an appropriate timeframe, the LRF could use that location to
query the RDF (not shown) and choose a route URI that will be returned to the E-CSCF (Step iv). Then normal
processing forwards the emergency call toward the PSAP.

There may be a Route timer associated with the LRF. If the LRF does not get a location response from the GMLC
(Step iii) before the timer expires, then the LRF can fall back to cell-based routing using the Associated Location.
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Figure 6 — Device-Based Hybrid Using the Control Plane Flow Providing Location-based Routing

There are multiple places in the CMRS network where the interactions with the Location Interworking Function could
be placed. One is associated with the E-SMLC, a second is associated with the GMLC” and a third is associated
with an LRF that is separate from a GMLC. The figures below conceptually extend Figure C.1 of ATIS-0700015 to

7 In some implementations the LRF and GMLC may be one element as shown in the blue shading in the figures. In other
implementations they may be separate platforms.
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illustrate how enhanced location could be acquired by the CMRS network and used for location-based routing (with
the assumption that the location is acquired in time).

Figure 7 illustrates a conceptual flow where the E-SMLC interacts with the LOCIWF. ATIS-0700015 Figure C.1 is
extended to support location-based routing by including steps where the E-SMLC could interact with the LOCIWF
to obtain enhanced location (as shown in Steps A and B, or A1). In Step a, the UE detects the emergency call. In
Step |, there are location acquisition messages that flow between the UE and the LOCIWF. These are proprietary
and outside the scope of this document. In Step i, the LRF receives an INVITE from the E-CSCF and queries the
GMLC as shown in Step ii. The LRF does not determine an Associated Location. Steps 1 through 3 would be
executed as discussed above. In parallel the E-SMLC could interact with the LOCIWF to obtain an enhanced
location. As shown in the figure there may be two approaches. The E-SMLC queries the LOCIWF (Step A) and it
responds with location (Step B). Or potentially, since the enhanced location service is autonomously acquiring the
location, the LOCIWF could push the location to the E-SMLC (Step A1). Note that how the LOCIWF determines the
address of the E-SMLC is for future study. If the E-SMLC receives the enhanced location and the location
determined by the location determination technology, it could make a decision as to the most appropriate location
to pass forward. It could then return that location to the MME (Step 4). The MME would push the location to the
GMLC (Step 5) and the GMLC would acknowledge (Step 6). The GMLC would respond to the LRF with location
(Step iii). If the location is returned within an appropriate timeframe, the LRF could use that location to query the
RDF (not shown) and choose a route URI that could be returned to the E-CSCF (Step iv). Then normal processing
would forward the emergency call toward the PSAP. When the E-SMLC receives one location (either the enhanced
location or the location determined by the location determination technology) it may do a quality analysis of that
location and if suitable for routing, return it in Step 4 without waiting for the other location.

As shown in Figure 7 there are three potential timers that support this flow. Conceptually the LOC timer could be
used by the E-SMLC to determine how long it waits for a routable location (either the first one that has sufficient
quality to route the call or by comparing the locations received). If it doesn’t receive either location before the timer
expires, it will wait for one of the locations and return it. In that case the location is most likely not a routable location.

Also shown is an Initial Route timer in the GMLC. If the timer expires before it receives a location (Step 5) it is not
likely that a location can be returned to the LRF that may be used for routing.

There will be a Route timer associated with the LRF. If the LRF does not get a location response from the GMLC
(Step iii) before the timer expires then the LRF will fall back to cell-based routing.
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Figure 7 Conceptual Flow Using E-SMLC Logic

Figure 8 illustrates a conceptual flow where the GMLC interacts with the LOCIWF. In the scenario depicted in Figure
8, the procedures at the E-SMLC are not changed and the E-SMLC will return the location when it obtains it (Step
4).

ATIS-0700015 Figure C.1 is extended to support location-based routing by including steps where the GMLC could
interact with the Location Interworking Function to obtain enhanced location (as shown in Steps A and B, or A1).

In Step a, the UE detects the emergency call. In Step | there are location acquisition messages that flow between
the UE and the LOCIWF. These are proprietary and outside the scope of this document. Steps 1, 2, and 3 are
processed in parallel as discussed above. When the LRF receives the INVITE (Step i) it queries the GMLC (Step
ii). The GMLC then interacts with the LOCIWF. As shown in the figure there may be two approaches. The GMLC
queries the LOCIWF (Step A) and it responds with location (Step B). Or potentially since the enhanced location
service is autonomously acquiring the location, the LOCIWF could push the location to the GMLC (A1). Note that
how the LOCIWF determines the address of the GMLC is for future study. When the GMLC receives one location
(either the enhanced location or the location determined by the location determination technology) it may do a
quality analysis of that location and if suitable for routing, return it in Step iii without waiting for the other location. If
the location is returned within an appropriate timeframe, the LRF could use that location to query the RDF (not
shown) and choose a route URI that could be returned to the E-CSCF (Step iv). Then normal processing forwards
the emergency call toward the PSAP.

This scenario would not require a LOC timer as discussed above since there are no changes to the E-SMLC. The
Initial Route timer in the GMLC could be used as discussed above. The Route timer in the LRF could be used to
determine if the call is routed based on the location provided by the GMLC or the LRF falls back to cell-based
routing.
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Figure 8 — Conceptual Flow Using GMLC Logic

Figure 9 illustrates a conceptual flow where an LRF (that is implemented separately from a GMLC) interacts with
the LOCIWF. In this scenario, the processes performed by the E-SMLC and GMLC are not changed and the E-
SMLC will return the location determined by the location determination technology to the GMLC via the MME when
it obtains it (Steps 1 through 6).
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Figure 9 extends ATIS-0700015 Figure C.1 to support location-based routing by including steps where the LRF
interacts with the Location Interworking Function to obtain enhanced location (as shown in Steps A and B, or Step
A1).

In Step a, the UE detects the emergency call. In Step |, there are location acquisition messages that flow between
the UE and the LOCIWF. These are proprietary and outside the scope of this document. Steps 1 through 6 are
processed in parallel with the acquisition of routing location by the LRF and the routing of the emergency call. When
the LRF receives the INVITE (Step i) it interacts with the LOCIWF. As shown in the figure, this interaction may take
one of two forms. The LRF queries the LOCIWF (Step A) and it responds with location (Step B), or alternatively,
the LOCIWF could push the location obtained via interactions with the UE to the LRF (Step A1). Note that the means
by which the LOCIWF determines the address of the LRF is for future study. The LRF will set a timer (i.e., LOC
Timer) which will specify how long the LRF is willing to wait to receive UE location from the LOCIWF. If the LRF
receives location information from the LOCIWF before the LOC Timer expires, it may do a quality analysis of that
location (e.g., by comparing it to the Associated Location provisioned at the LRF) and if suitable for routing, the LRF
will use that location to query the RDF (not shown). The RDF will use that location to identify a Route URI for the
call and will return the Route URI to the LRF (not shown). The LRF will use the procedures specified in ATIS-
0700015 to return the Route URI and other information to the E-CSCF (Step ii). The E-CSCF will then apply normal
processing, as specified in ATIS-0700015, to forward the emergency call to the appropriate Emergency Services
Network.

If a routing location is not provided by the LOCIWF to the LRF within the pre-determined timeframe, or is not
determined to be of sufficient quality, the LRF will use the mechanisms currently specified in ATIS-0700015 for
determining a routing location for the call (i.e., it will use the Associated Location to query the RDF). Note that in
this call flow, the location acquired by the E-SMLC and pushed to the GMLC via the MME will not play a role in
emergency call routing but could still impact the caller location returned by the LRF in response to queries from
PSAPs/Automatic Location Identification (ALI) systems/Legacy PSAP Gateways (LPGs). As such, the LRF may
interact with the GMLC in parallel with the emergency call routing procedures described above to obtain network-
based caller location for possible delivery to PSAPs. Further study is needed to describe potential interactions
between the location provided by the LOCIWF and network-provided location in identifying the caller location that
should be returned in response to PSAP/ALI/LPG queries.
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Figure 9 — Conceptual Flow Using LRF Logic
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Figure 10 illustrates a conceptual flow using the early location fix capability of LPP described in Clause 6.3. Figure
10 does not require an architectural change and requires only small changes to existing signaling procedures. In
Step a, the UE detects the emergency call. In Step 1, the UE may start obtaining location measurements in
anticipation of the location request at Step 4. At Step 3, after the MME becomes aware of the emergency call from
the emergency attach or setup of an emergency bearer at Step 2, the MME requests location from the E-SMLC and
includes a request for an early location fix. The E-SMLC then requests an early and a final location fix from the UE
at Step 4. For example, the response time for the early location fix can be set to a few seconds, while the response
time for the final location fix can be set to 20-30 seconds. After the UE returns the early location fix at Step 5, the
E-SMLC determines or verifies a location estimate for the UE and returns this to the MME at Step 6 in a normal
location response. The MME provides this to the GMLC at Step 7 and includes an indication that this is an early
location fix. The GMLC then provides the early location fix to the LRF at Step iii following a request at Step ii. The
LRF uses the early location fix for LBR at Step iv. At some later time, the UE returns a final location fix to the E-
SMLC at Step 9. The E-SMLC determines or verifies a location estimate for the UE and returns this to the MME at
Step 10. The MME provides this to the GMLC at Step 11 and indicates this is a final location fix. The GMLC may
then provide the final location fix to the LRF at Step vi following a second location request at Step v. Signaling for
Steps 10-12 can be the same as for Steps 6-8 with the difference that Steps 6 and 7 indicate an early location fix
whereas Steps 10 and 11 indicate a final location fix. The location request/response transaction between the MME
and E-SMLC, which is started at Step 3, terminates after the response for the final location fix at Step 10.
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Figure 10 — Conceptual Flow Using an LPP Early Location Fix

9 Potential Standards Gaps Associated with Location-based
Routing Methods

ATIS-0700015 is the defining standard as to how IMS-based networks route emergency calls to legacy emergency
services networks, and to NENA i3 ESInets natively using the Session Initiation Protocol (SIP) and passing the UE
location either by value or by reference. As noted in Annex A, Figure 8.2 illustrates a call flow where the emergency
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call is routed based upon the acquired UE location. However, other clauses of ATIS-0700015 imply that wireless
calls are only routed based upon cell information by using an Associated Location.

How location is acquired is beyond the scope of the current version of ATIS-0700015. However, as shown in Figure
C.1 it is implied that location is acquired via control plane or user plane methods. There is no current support in
ATIS-0700015 for acquiring UE location from an enhanced location service provider as discussed in Clause 8.

10 Conclusion

In the analysis performed by ATIS it has been determined that location-based routing is technically feasible within
the timing considerations recommended by CSRIC V.

11 Recommendations

This document recommends that ATIS-0700015 be augmented to consistently illustrate how emergency calls can
be routed based upon UE location, assuming that location can be acquired in sufficient time so as not do unduly
delay call processing. ATIS-0700015 should be extended to define the concepts discussed in Clause 8 of this
document where the CMRS network may have access to a location provided by an enhanced location service
provider and be able to make routing decision based upon that location, potentially by comparing it to a location
acquired via control plane or user plane methods. The extensions to ATIS-0700015 would address technical,
operational and protocol considerations to incorporate these location technologies.

ATIS committees should continue to engage with industry players that are defining new methods to acquire UE
location and identify whether additional standards work may be necessary to facilitate these new methods.
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Annex A
(informative)

A ATIS-0700015 Constructs Supporting Location-based Routing

This Annex extracts clauses from ATIS-0700015 that relate to Location-based Routing. In some instances, the text
or figures apply directly. In some cases, modifications would be required to clarify support for LBR.

Figure 8.2 in ATIS-0700015 illustrates a call flow where the emergency call is routed based upon the acquired UE
location. This could be used as the reference flow for LBR call flows where the LRF is able to acquire the UE
location in time to use it to query the RDF (Steps 5 and 6). Then the RDF would return a Route URI (Step 7) that
would allow the emergency call to be routed toward the PSAP. This flow would need to be harmonized with Figure
8.3 which illustrates routing the call using the Associate Location based upon the cell ID. The LRF would have to
incorporate procedures to determine which method to use.
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ATIS-0700015 - Figure 8.2 — UE Location-Routed Call Delivery to NENA i3 ESInet — Location-by-Reference

Step 1. (Conditional) Emergency registration occurs (if not already emergency registered and has
credentials).
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The UE sends a SIP INVITE to the P-CSCF that contains a Mobile Station International
Subscriber Directory Number (MSISDN) and no location information.
The P-CSCF, detecting an emergency call, forwards the SIP INVITE to the E-CSCF.
The E-CSCF queries LRF for location and/or route, by forwarding the SIP INVITE.

The LRF may select a technique for acquiring location information based upon the call type.
The LRF interacts with the LS to acquire location/initiate position determination process.

The LS responds with UE location value.
The LRF queries the RDF for routing information.
The RDF responds by providing a Route URI.

The LRF redirects the call back to the E-CSCF with location information (in this example,
location information is LbyR; therefore, the LRF constructs a Reference Identifier with the
location URI) and a Route URI that will direct the call toward the ESInet.

The E-CSCF forwards the SIP INVITE (with any location information received from the LRF;
in this example, a Reference Identifier with the location URI) to the ESRP via an IBCF.

The LRF sends a SIP SUBSCRIBE to the E-CSCF to be informed of call state. (Alternatively,
the Subscription may be done at the system start-up and be applicable to all calls [not
shown]).

The E-CSCF sends an initial state NOTIFY to the LRF.

In this example, the SIP INVITE contains a location URI, so the ESRP queries the LRF (as
identified in the location URI) for location value. This call flow illustrates the use of HELD as
a de-reference protocol. The value of the responseTime parameter in the HELD
locationRequest sent by the ESRP is set to “emergencyRouting”.

The LRF supplies the UE location obtained in Step 6 to the ESRP.

(Informative) Within the ESInet, the ESRP queries the ECRF for routing information using the
Location-to-Service Translation (LoST) protocol.

(Informative) The ECREF replies to the ESRP with a PSAP URI.
The ESRP forwards the SIP INVITE to the NENA i3 PSAP.

In this example, the SIP INVITE contains a location URI, so the PSAP queries the LRF (as
identified in the location URI) for initial location (i.e., responseTime contains a wait timer value
Of HOH).

The LRF returns the UE location obtained in Step 6.

The PSAP indicates the call has been answered by returning a SIP 200 OK to the ESRP.
This Step may occur before Step 18.

The ESRP forwards a SIP 200 OK to the E-CSCF.
The E-CSCF forwards a SIP 200 OK to the P-CSCF.
NOTE: The E-CSCF sends a NOTIFY to the LRF based on Step 11 (not shown).

The P-CSCF forwards a SIP 200 OK to the UE.
Media is exchanged in the user plane.

(Optional) The PSAP queries the LRF (as identified in the location URI) for updated location
information (responseTime parameter=“emergencyDispatch” in this example).

(Conditional on Step 25) The LRF queries the LS for updated location information. (Note that
the value of the responseTime parameter [emergencyDispatch or a specific time value] will
be used by the LRF to determine whether to query the LS).

(Conditional on Step 26) The LS returns updated UE location information to the LRF.
(Conditional on Step 25) The LRF supplies update UE location to the PSAP.

The PSAP sends a SIP BYE to the ESRP. Note that this may be sent by the UE as well.
The ESRP forwards a SIP BYE to the E-CSCF through the BCF/IBCF.

The E-CSCF forwards a SIP BYE to the P-CSCF.

The P-CSCF forwards a SIP BYE to the UE.
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Step 33. The E-CSCF sends a termination SIP NOTIFY to the LRF in order to release resources. This

may occur any time after step 30.

Appendix C of ATIS-0700015 describes procedures applicable to location acquisition and conveyance to assist call
routing and to provide location to the PSAP. These procedures correspond to procedures defined in 3GPP TS
23.271 and OMA SUPL. Figure C.1 is copied as an example of a flow to support LBR, and the UE location may be
acquired in time to use it to route the emergency call. Figure C.1 shows the procedure to support location when an
IMS emergency call is originated using an LTE access.

LRF/
GMLC

A

1. Emergency Attach or Setup Emergency Bearer

2| Location Request

3. Messages for individual positioning methods

4. Location Response|

5. Subscriber LCS Report

6. Subscriber LCS Report ACK

A 4

ATIS-0700015 Figure C.1 — Control Plane Location for IMS Emergency Call Origination for LTE Access

Step 1.

Step 2.

Step 3.

Step 4.

The user initiates an emergency call. The UE either performs an emergency attach if in
limited service state or requests an emergency PDN connection if in normal service state
and after performing a normal attach. Details of an emergency attach and normal attach for
LTE can be found in 3GPP TS 23.401..

Steps 2 to 4 may be skipped if the MME only needs to send its identity or serving Cell ID to
the LRF and not the location of the UE. Otherwise, the MME selects an E-SMLC and sends
a Location Request message to the selected E-SMLC. The Location Request includes the
type of location information requested, the requested QoS, identity of serving cell, and UE
capability to support LPP. The requested QoS corresponds to that needed to obtain a
location estimate sufficient to select a destination PSAP.

NOTE: If the UE was in connected mode prior to Step 1, the MME may not have the most
current serving cell identity if there was an intra-eNodeB handover.

If the requested location information and the location accuracy within the QoS can be
satisfied based on parameters received from the MME (e.g., cell identity), the E-SMLC may
send a Location Response immediately. Otherwise, the E-SMLC determines the positioning
method and instigates the particular message sequence for this method as described in
3GPP TS 36.305. The positioning method may be either network centric or UE centric. If
the position method or methods fail, the E-SMLC may use the current cell identity to derive
an approximate location estimate.

When a location estimate best satisfying the requested QoS has been obtained, the E-
SMLC returns a Location Response to the MME with an indication whether the obtained
location estimate satisfies the requested accuracy or not. This message carries the location
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estimate that was obtained. If a location estimate was not successfully obtained, a failure
cause is included in the Location Response.

Step 5. The MME determines a GMLC using either the serving cell identity or some fixed
association for the MME. The MME sends a Subscriber Location Report to the GMLC
carrying the IMEI and if available the IMSI and MSISDN of the UE, the event causing the
message (EPC NI-LR), and, if obtained in Steps 2 to 4, the location estimate. The serving
cell identity of the UE needs to also be sent if available. The MME includes its own address.

Step 6. The GMLC returns an acknowledgment to the MME. The GMLC provides the received
information to an associated LRF, which stores the information for future use. The LRF will
use the information when later queried by an E-CSCF for routing information for the IMS
emergency call which the UE will originate following Step 1. Since there is a possibility of
the E-CSCF query being received by the LRF before the information is provided by the
GMLC, the LRF may choose to wait a short period following the E-CSCF query for the
GMLC provided information to become available. This treatment depends on consistent use
by an operator of the control plane solution (e.g., use of the control plane solution for an
entire LTE network).

In Appendix D, ATIS-0700015 provides an informative flow chart to illustrate routing methodologies for the process
to acquire location, determine routing and route the call.

Bullet 2 states the following:

o “If the session request received by the LRF contains MSISDN/ Mobile Directory Number (MDN) and cell
site information, the LRF will consult with an appropriate LS (e.g., a GMLC) to initiate location determination.
(Note that it is expected that cell-based location information will be used in the initial routing of the call.)”

This bullet would have to be changed to denote that the location information could, optionally, be acquired and then
that location could be used for routing.

The flow below at ® shows that the LRF uses the cell information (i.e., cell ID) to allocate an Associated Location.
The Associated Location represents a location within the PSAP jurisdiction that would allow the emergency call to
be routed to the appropriate PSAP. In parallel, at ® the LRF requests the Phase Il location from the MPC/GMLC.

Note that the MPC/GMLC may be incorporated within the LRF. To support LBR, ® and ® would have to be
modified to allow the location to be acquired prior to routing the call.
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'The output of the location determination function is expected
to be returned in response to subsequentde-reference
requests (e.g., from PSAPs). It is not expected to be used by
the LRF to interact with an RDF for initial routing of the call .

ATIS-0700015 Figure D.1 — Emergency Call is Detected by IMS Origination Network and Routing Location

is Acquired/Derived
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