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Foreword

This Technical Specification (TS) has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document specifies the stage 2 of the UE Positioning function of E-UTRAN, which provides the mechanisms to support or assist the calculation of the geographical position of a UE. UE position knowledge can be used, for example, in support of Radio Resource Management functions, as well as location-based services for operators, subscribers, and third-party service providers. The purpose of this stage 2 specification is to define the E-UTRAN UE Positioning architecture, functional entities and operations to support positioning methods. This description is confined to the E-UTRAN Access Stratum. It does not define or describe how the results of the UE position calculation can be utilised in the Core Network (e.g., LCS) or in E-UTRAN (e.g., RRM).

UE Positioning may be considered as a network-provided enabling technology consisting of standardised service capabilities that 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 is outside the scope of the present document. However, clarifying examples of how the functionality being described may be used to provide specific location services may be included.

This stage 2 specification covers the E-UTRAN positioning methods, state descriptions, and message flows to support UE Positioning.
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3
Definitions and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in [1] apply.

3.2
Abbreviations

For the purposes of the present document, the following abbreviations apply.

CID
Cell-ID (positioning method)

E-SMLC
Enhanced Serving Mobile Location Centre

E-CID
Enhanced Cell-ID (positioning method)

ECEF
Earth-Centered, Earth-Fixed

ECI
Earth-Centered-Inertial

EGNOS
European Geostationary Navigation Overlay Service
E-UTRAN
Enhanced Universal Terrestrial Radio Access Network

GAGAN
GPS Aided Geo Augmented Navigation
GLONASS
GLObal'naya NAvigatsionnaya Sputnikovaya Sistema (Engl.: Global Navigation Satellite System)

GNSS
Global Navigation Satellite System

GPS
Global Positioning System

LCS
LoCation Services
LCS-AP
LCS Application Protocol

LPP
LTE Positioning Protocol

LPPa
LTE Positioning Protocol Annex

MO-LR
Mobile Originated Location Request

MT-LR
Mobile Terminated Location Request

NI-LR
Network Induced Location Request
PDU
Protocol Data Unit

QZSS
Quasi-Zenith Satellite System
RRM
Radio Resource Management
SBAS
Space Based Augmentation System
SET
SUPL Enabled Terminal

SLP
SUPL Location Platform

SUPL
Secure User Plane Location
UE
User Equipment
WAAS
Wide Area Augmentation System

WGS-84
World Geodetic System 1984
4
Main concepts and requirements
4.1
Assumptions and Generalities
The stage 1 description of LCS at the service level is provided in [3]; the stage 2 LCS functional description, including the LCS system architecture and message flows, is provided in [2].

Editor's Note:
CRs to provide support for E-UTRA positioning in [2] are expected to be approved at SA#44 based on approval already at SA2#72. TR 23.891 which was approved at SA#43 currently contains the LCS system architecture and message flows applicable to E-UTRA positioning and EPC aspects of this will be transferred into [2].
Positioning functionality provides a means to determine the geographic position and/or velocity of the UE based on measuring radio signals.  The position information may be requested by and reported to a client (e.g., an application) associated with the UE, or by a client within or attached to the core network. The position information shall be reported in standard formats, such as those for cell based or geographical co-ordinates, together with the estimated errors (uncertainty) of the position and velocity of the UE and, if available, the positioning method (or the list of the methods) used to obtain the position estimate.

Restrictions on the geographic shape encoded within the 'position information' parameter may exist for certain LCS client types.  The EPS, including E-UTRAN, shall comply with any shape restrictions defined in LTE and, in a particular country, with any shape restrictions defined for a specific LCS client type in relevant national standards. For example, in the US, national standard J-STD-036-B restricts the geographic shape for an emergency services LCS client to minimally either an "ellipsoid point" or an "ellipsoid point with uncertainty circle and confidence" as defined in [4].
It shall be possible for the majority of the UEs (active or inactive) within a network to use the LCS feature without compromising the radio transmission or signalling capabilities of the E-UTRAN.
The uncertainty of the position measurement shall be network-implementation-dependent, at the choice of the network operator. The uncertainty may vary between networks as well as from one area within a network to another. The uncertainty may be hundreds of metres in some areas and only a few metres in others. In the event that a particular position measurement is provided through a UE-assisted process, the uncertainty may also depend on the capabilities of the UE. In some jurisdictions, there is a regulatory requirement for location service accuracy that is part of an emergency service. Further details of the accuracy requirements can be found in [3].

The uncertainty of the position information is dependent on the method used, the position of the UE within the coverage area and the activity of the UE. Several design options of the E-UTRAN system (e.g., size of cell, adaptive antenna technique, pathloss estimation, timing accuracy, eNode B surveys) shall allow the network operator to choose a suitable and cost-effective UE positioning method for their market.

There are many different possible uses for the positioning information. The positioning functions may be used internally by the EPS, by value-added network services, by the UE itself or through the network, and by "third party" services. The feature may also be used by an emergency service (which may be mandated or "value-added"), but the location service is not exclusively for emergencies.
The E-UTRAN is a new radio system design without a pre-existing deployment of “legacy” UEs operating according to the radio interface. This freedom from legacy equipment enables the location service feature design to make use of appropriate techniques to provide the most accurate results. The technique must also be a cost-effective total solution, must allow evolution to meet evolving service requirements, and must be able to take advantage of advances in technology over the lifetime of E-UTRAN deployments.
Design of the E-UTRAN positioning capability as documented in this specification includes position methods, protocols and procedures that are either adapted from capabilities already supported for UTRAN and GERAN, or created separately from first principles. The proportion of the latter is higher than if the UTRAN and GERAN capabilities had been designed to provide forward compatibility to other access types. In contrast to GERAN and UTRAN, the E-UTRAN positioning capabilities are intended to be forward compatible to other access types and other position methods, in an effort to reduce the amount of additional positioning support needed in the future. This goal also extends to user plane location solutions such as OMA SUPL ([17], [18]), for which E-UTRAN positioning capabilities are intended to be compatible where appropriate (e.g., with regard to the UE positioning protocol LPP).
As a basis for the operation of UE Positioning in E-UTRAN, the following assumptions apply:

-
both TDD and FDD will be supported;
-
the provision of the UE Positioning function in E-UTRAN and EPC is optional through support of the specified method(s) in the eNode B and the E-SMLC;

-
UE Positioning is applicable to any target UE, whether or not the UE supports LCS, but with restrictions on the use of certain positioning methods depending on UE capability, as defined in [5];
-
the positioning information may be used for internal system operations to improve system performance;

-
the UE Positioning architecture and functions shall include the option to accommodate several techniques of measurement and processing to ensure evolution to follow changing service requirements and to take advantage of advancing technology.
4.2
UE Positioning Methods
The E-UTRAN may utilise one or more positioning methods in order to determine the position of an UE.
Positioning the UE involves two main steps:

-
signal measurements; and

-
Position estimate and optional velocity computation based on the measurements.

The signal measurements may be made by the UE or the eNode B. The basic signals measured for terrestrial position methods are typically the E-UTRA radio transmissions; however, other methods may make use of other transmissions such as general radio navigation signals including those from Global Navigation Satellites Systems (GNSSs).
The positioning function should not be limited to a single method or measurement. That is, it should be capable of utilising other standard methods and measurements, as such methods and measurements are available and appropriate, to meet the required service needs of the location service client. This additional information could consist of readily available E-UTRAN measurements (e.g., /[FFS pending RAN1 conclusions]).

The position estimate computation may be made by the UE or by the E-SMLC.
4.3
Standard UE Positioning Methods
The standard positioning methods supported for E-UTRAN access are:

-
network-assisted GNSS methods;
-
[Downlink method to be named when RAN1 conclude];
-
enhanced cell ID method.
Hybrid positioning using multiple methods is also supported.
4.3.1
Network-assisted GNSS Methods
These methods make use of UEs that are equipped with radio receivers capable of receiving GNSS signals.
Examples of GNSS include GPS, Modernized GPS, Galileo, GLONASS, Space Based Augmentation Systems (SBAS), and Quasi Zenith Satellite System (QZSS).

In this concept, different GNSSs (e.g. GPS, Galileo, etc.) can be used separately or in combination to determine the location of a UE.

The operation of the network-assisted GNSS methods is described in clause 8.1.
4.3.2
[Downlink method to be named when RAN1 conclude]
[FFS]
4.3.3
Enhanced Cell ID Methods
In the Cell ID (CID) positioning method, the position of an UE is estimated with the knowledge of its serving eNode B and cell. The information about the serving eNode B and cell may be obtained by paging, locating area update, cell update, URA update, or routing area update. Enhanced Cell ID (E‑CID) positioning refers to techniques which use additional UE and/or E‑UTRAN radio resource related measurements to improve the UE location estimate.
The operation of the Enhanced Cell ID method is described in clause 8.3.
5
E-UTRAN UE Positioning Architecture

Figure 5-1 shows the architecture in EPS applicable to positioning of a UE with E-UTRAN access. 

The MME receives a request for some location service associated with a particular target UE from another entity (e.g. GMLC or UE) or decides to initiate some location service on behalf of a particular target UE (e.g. for an IMS emergency call from the UE) as described in [2]. The MME then sends a location services request to an E-SMLC. The E-SMLC performs the location services request which may include transferring assistance data to the target UE to assist with UE based and/or UE assisted positioning and/or may include positioning of the target UE. The E-SMLC then returns the result of the location service back to the MME – e.g. a position estimate for the UE and/or an indication of any assistance data transferred to the UE. In the case of a location service requested by an external entity, the MME returns the location service result to this entity.
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Figure 5-1: UE Positioning Architecture applicable to E-UTRAN
Editor's Note:
support of associated and non-associated LMUs is FFS and depends on RAN1 decisions concerning downlink and uplink position methods
5.1
UE Positioning Operations

To support positioning of a target UE and delivery of location assistance data to a UE with E-UTRAN access in EPS, location related functions are distributed as shown in the architecture in Figure 5-1 and as clarified in greater detail in TS 23.271 [2]. The overall sequence of events applicable to the UE, E-UTRAN and E-SMLC for any location service is shown in Figure 5.1-1.
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Figure 5.1-1: Location Service Support by E-UTRAN

1a.
Either: the UE requests some location service (e.g. positioning or delivery of assistance data) to the serving MME at the NAS level. 

1b.
Or: some entity in the EPC (e.g. GMLC) requests some location service (e.g. positioning) for a target UE to the serving MME .

1c.
Or: the serving MME for a target UE determines the need for some location service (e.g. to locate the UE for an emergency call).

2.
The MME transfers the location service request to an E-SMLC.

3a.
The E-SMLC instigates location procedures with the serving eNode B for the UE – e.g. to obtain positioning measurements.

3b.
In addition to step 3a or instead of step 3a, the E-SMLC instigates location procedures with the UE – e.g. to obtain a location estimate or positioning measurements or to transfer location assistance data to the UE.

4.
The E-SMLC provides a location service response to the MME and includes any needed results – e.g. success or failure indication and, if requested and obtained, a location estimate for the UE.

5a.
If step 1a was performed, the MME returns a location service response to the UE and includes any needed results – e.g. a location estimate for the UE.
5b.
If step 1b was performed, the MME returns a location service response to the EPC entity in step 1b and includes any needed results – e.g. a location estimate for the UE.

5c.
If step 1c occurred, the MME uses the location service response received in step 4 to assist the service that triggered this in step 1c (e.g. may provide a location estimate associated with an emergency call to a GMLC).
Location procedures applicable to E-UTRAN occur in steps 3a and 3b in Figure 5.1-1 and are defined in greater detail in this specification. Steps 1a and 5a are also applicable to E-UTRAN support because of a capability to tunnel signalling applicable to step 3b. Other steps in Figure 5.1-1 are applicable only to the EPC and are described in greater detail and in TS 23.271 [2].
Steps 3a and 3b can involve the use of different position methods to obtain location related measurements for a target UE and from these compute a location estimate and possibly additional information like velocity. Positioning methods supported in this release are summarized in clause 4 and described in detail in clause 8.

5.2
LMU Positioning Operations
Separately from location service support for particular UEs, an E-SMLC may interact with LMUs in the E-UTRAN in order to obtain measurement information to help assist one or more position methods for all UEs.

Editor's Note: The definition of LMU functions, procedures and signalling interactions will need to await RAN1 completion of downlink and possibly uplink position method evaluation and definition since most if not all LMU functions will be associated with these. This will include the definition of LMUs associated with eNode Bs (where an LMU is an integral part of an eNode B) and/or LMUs that are separate from eNode Bs.

5.3
Functional Description of Elements Related to UE Positioning in E-UTRAN
5.3.1
User Equipment (UE)

The UE may transmit the needed signals for uplink based UE Positioning measurements and may make measurements of downlink signals from E-UTRAN and other sources such as different GNSS systems. The measurements to be made will be determined by the chosen positioning method.

The UE may also contain LCS applications, or access an LCS application through communication with a network accessed by the UE or an application residing in the UE. This application may include the needed measurement and calculation functions to determine the UE's position with or without assistance of the E-UTRAN Positioning related entities. This is outside of the scope of this specification.

The UE may also, for example, contain an independent positioning function (e.g., GPS) and thus be able to report its position, independent of the E-UTRAN transmissions. The UE with an independent positioning function may also make use of information obtained from other E-UTRAN positioning related elements that assists the function.
5.3.2
eNode B
eNode B is a network element of E-UTRAN that may provide measurement results for position estimation and makes measurements of radio signals for a target UE and communicates these measurements to an E-SMLC.

The eNode B may make its measurements in response to requests (e.g. from the E-SMLC), or it may autonomously measure and report regularly or when there are significant changes in radio conditions (e.g. changes in the E-UTRAN GPS timing of cell frames).
5.3.3
Evolved Serving Mobile Location Centre (E-SMLC)
The E-SMLC manages the support of different location services for target UEs, including positioning of UEs and delivery of assistance data to UEs. The E-SMLC may interact with the serving eNode B for a target UE in order to obtain position measurements for the UE, including uplink measurements made by the eNode B and downlink measurements made by the UE that were provided to the eNode B as part of other functions (e.g., in support of handover).
The E-SMLC may interact with a target UE in order to deliver assistance data if requested for a particular location service, or to obtain a location estimate if that was requested. 

For positioning of a target UE, the E-SMLC decides on the position methods to be used, based on factors that may include the LCS Client type, the required QoS, UE positioning capabilities, and eNode B positioning capabilities. The E-SMLC then invokes these positioning methods in the UE and/or serving eNode B. The positioning methods may yield a location estimate for UE based position methods and/or positioning measurements for UE assisted and network based position methods. The E-SMLC may combine all the received results and determine a single location estimate for the target UE. Additional information like accuracy of the location estimate and velocity may also be determined.
The E-SMLC may interact with LMUs either associated with or not associated with particular eNode Bs. The E-SMLC may obtain measurement information from LMUs to assist different downlink and uplink positioning methods.
5.3.4
Location Measurement Unit (LMU)
FFS
Editor's Note: Definition of LMU functions needs to await RAN1 evaluation and agreement on downlink and uplink positioning methods to be supported for E-UTRAN.
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