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Foreword

This Technical Specification has been produced by the 3" 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 thefirst 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 isincremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z thethird digit isincremented when editorial only changes have been incorporated in the document.
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1 Scope

The present document specifies the stage 2 of the UE Positioning function of E-UTRAN, which provides the
mechani sms 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.

2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.

- References are either specific (identified by date of publication, edition number, version number, etc.) or non-
specific.

- For aspecific reference, subsequent revisions do not apply.

- For anon-specific reference, the latest version applies. In the case of areference to a 3GPP document (including

aGSM document), a non-specific reference implicitly refers to the latest version of that document in the same
Release as the present document.

[1] 3GPP TR 21.905: "Vocabulary for 3GPP Specifications'.

2] 3GPP TS 23.271: "Functional stage 2 description of Location Services (LCS)"

[3] 3GPP TS 22.071: "Location Services (LCS); Service description, Stage 1.

[4] 3GPP TS 23.032: "Universal Geographical Area Description (GAD)".

[5] 3GPP TS 36.306: "Evolved Universal Terrestrial Radio Access (E-UTRA); "User Equipment (UE)
radio access capabilities’.

[6] IS-GPS-200, Revision D, Navstar GPS Space Segment/Navigation User Interfaces, March 7,
2006.

[7] IS-GPS-705, Navstar GPS Space Segment/User Segment L5 Interfaces, September 22, 2005.

[8] IS-GPS-800, Navstar GPS Space Segment/User Segment L 1C Interfaces, September 4, 2008.

[9] Galileo OS Signal in Space ICD (OS SIS ICD), Draft 0, Galileo Joint Undertaking, May 23,
2006.

[10] Global Navigation Satellite System GLONASS Interface Control Document, Version 5, 2002.

[11] IS-QZSS, Quasi Zenith Satellite System Navigation Service Interface Specifications for QZSS,

Ver.1.0, June 17, 2008.

[12] Specification for the Wide Area Augmentation System (WAAS), US Department of
Transportation, Federal Aviation Administration, DTFAQ01-96-C-00025, 2001.
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RTCM 10402.3, RTCM Recommended Standards for Differential GNSS Service (v.2.3), August
20, 2001.

3GPP TS 36.331: "Evolved Universal Terrestrial Radio Access (E-UTRA); "Radio Resource
Control (RRC); Protocol specification™.

3GPP TS 25.331: " Radio Resource Control (RRC); Protocol Specification".

3GPP TS 44.031: "Location Services (LCS); Mobile Station (MS) - Serving Mobile Location
Centre (SMLC) Radio Resource LCS Protocol (RRLP)".

OMA-AD-SUPL-V2_0: "Secure User Plane Location Architecture Approved Version 2.0".
OMA-TSULP-V2_0_6: "UserPlane Location Protocol Approved Version 2.0.6".

3GPP TS 23.401: "General Packet Radio Service (GPRS) enhancements for Evolved Universal
Terrestrial Radio Access Network (E-UTRAN) access'.

3GPP TS 36.214: "Evolved Universal Terrestrial Radio Access (E-UTRA); "Physical layer —
Measurements’.

3GPP TS 36.302: "Evolved Universal Terrestrial Radio Access (E-UTRA); "Services provided by
the physical layer ".

3GPP TS 25.305: " Stage 2 functional specification of User Equipment (UE) positioning in
UTRAN".

3GPP TS 43.059: "Functional stage 2 description of Location Servicesin GERAN".
3GPP TR 23.891: "Evaluation of LCS Control Plane Solutions for EPS".

3GPP TS 36.355: "Evolved Universal Terrestrial Radio Access (E-UTRA); LTE Positioning
Protocol (LPP)".

3GPP TS 24.171: "Control Plane Location Services (LCS) procedures in the Evolved Packet
System (EPS)".

3GPP TS 29.171: "Location Services (LCS); LCS Application Protocol (LCS-AP) between the
Mobile Management Entity (MME) and Evolved Serving Mobile Location Centre (E-SMLC); SLs
interface”.

BDS-SIS-ICD-B1I-3.0: "BeiDou Navigation Satellite System Signal In Space Interface Control
Document Open Service Signal B1I (Version 3.0)", February, 2019.

IEEE 802.11: "Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY)
Specifications'.

Bluetooth Special Interest Group: "Bluetooth Core Specification v4.2", December 2014.

ATIS-0500027: "Recommendations for Establishing Wide Scale Indoor Location Performance”,
May 2015.

3GPP TS 36.211: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and
modulation”.

RTCM 10403.3, RTCM Recommended Standards for Differential GNSS Services (v.3.3), October
7, 2016.

BDS-SIS-ICD-B1C-1.0: "BeiDou Navigation Satellite System Signal 1n Space Interface Control
Document Open Service Signal B1C (Version 1.0)", December, 2017.

IRNSS Signal-In-Space (SPS) Interface Control Document (ICD) for standard positioning service
version 1.1, August 2017.

IS QZSS-L6-001, Quasi-Zenith Satellite System Interface Specification — Centimetre Level
Augmentation Service, Cabinet Office, November 5, 2018.
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[37] BDS-SIS-ICD-B3I-1.0: "BeiDou Navigation Satellite System Signal In Space I nterface Control
Document Open Service Signal B3I (Version 1.0)", February, 2018.

[38] BDS-SIS-ICD-B2a-1.0: "BeiDou Navigation Satellite System Signal In Space Interface Control
Document Open Service Signal B2a (Version 1.0)", December, 2017.

[39] 3GPP TS 37.355: "Technical Specification Group Radio Access Network; LTE Positioning
Protocol (LPP)".

[40] Bluetooth Special Interest Group: "Bluetooth Core Specification v5.4", February 2023.

[41] ISRO-NAVIC-ICD-SPS-L1-1.0, NavIC Signal in Space ICD for Standard Positioning Servicein

L1 frequency (Version 1.0), August 2023.

[42] BDS-SIS-ICD-B2b-1.0: "BeiDou Navigation Satellite System Signal In Space I nterface Control
Document Open Service Signal B2b (Version 1.0)", July, 2020.

3 Definitions and abbreviations

3.1 Definitions

For the purposes of the present document, the terms and definitions givenin TR 21.905 [1] apply.

Asused in this document, the suffixes "-based" and "-assisted" refer respectively to the node that is responsible for
making the positioning calculation (and which may also provide measurements) and a node that provides measurements
(but which does not make the positioning calculation). Thus, an operation in which measurements are provided by the
UE to the E-SMLC to be used in the computation of a position estimate is described as "UE-assisted” (and could also be
called "E-SMLC-based"), while one in which the UE computes its own position is described as " UE-based".

Both standalone LMU and LMU integrated into an eNB are supported. As used in this document, LMU refers to both
cases of a standalone LMU and an LMU integrated into an eNodeB unless explicitly mentioned otherwise.

Positioning integrity: A measure of the trust in the accuracy of the position-related data and the ability to provide
associated aerts.

Protection Level (PL): A statistical upper-bound of the Positioning Error (PE) that ensures that, the probability per unit
of time of the true error being greater than the AL and the PL being less than or equal to the AL, for longer than the
TTA, islessthan therequired TIR, i.e., the PL satisfies the following inequality:

Prob per unit of time [((PE>AL) & (PL<=AL)) for longer than TTA] < required TIR
When the PL bounds the positioning error in the horizontal plane or on the vertical axisthen it is called Horizontal
Protection Level (HPL) or Vertical Protection Level (VPL) respectively.
A specific equation for the PL is not specified asthisisimplementation-defined. For the PL to be considered valid, it
must simply satisfy the inequality above.

NOTE: thePL inequality isvalid for al values of the AL.

State Space Representation (SSR): The state space representation provides information on the status of individual
GNSS error sources. State parameter values are transmitted to UE. The user corrects his own observations of asingle
GNSS receiver with SSR corrections computed from these state parameters for hisindividual position, and performs
RTK positioning with corrected observations. This contrasts with Observation Space Representation (OSR) which uses
alump-sum of distance-dependent GNSS errors instead of individual GNSS error sources. For OSR the representation
of RTK network corrections in the observation space always uses GNSS observation of an actual reference station,
which are then applied by the user to the conventional RTK a gorithm.

Transmission Point (TP): A set of geographically co-located transmit antennas for one cell, part of one cell or one
PRS-only TP. Transmission Points can include base station (eNode B) antennas, remote radio heads, a remote antenna
of abase station, an antenna of a PRS-only TP, etc. One cell can be formed by one or multiple transmission points. For
a homogeneous deployment, each transmission point may correspond to one cell.

PRS-only TP: A TP which only transmits PRS signals for PRS-based TBS positioning and is not associated with a cell.
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Positioning integrity: A measure of the trust in the accuracy of the position-related data and the ability to provide

associated alerts.

3.2 Abbreviations

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

ADR
AOA
AP
APC
ARP
BDS
BSSID
CID
CloT
CLAS
E-SMLC
E-CID
ECEF
ECI
EGNOS
E-UTRAN
FDMA
FKP
GAGAN
GLONASS
GMLC
GNSS
GPS
GRS80
HESSID
10D

loT
LCS
LCS-AP
LMU
LPP
LPPa
MAC
MBS
MO-LR
MT-LR
NavIC
NB-loT
NI-LR
N-RTK
OTDOA
PCO
PCV
PDU
posSIB
PPP
PPP-RTK
PRS
QZsSs
RRM
RSSI
RTK
SBAS
SET

Accumulated Delta Range

Angle of Arriva

Access Point

Antenna Phase Center

Antenna Reference Point

BeiDou Navigation Satellite System

Basic Service Set Identifier

Cell-ID (positioning method)

Cellular loT

Centimeter Level Augmentation Service
Enhanced Serving Mobile Location Centre
Enhanced Cell-ID (positioning method)
Earth-Centered, Earth-Fixed
Earth-Centered-Inertial

European Geostationary Navigation Overlay Service
Evolved Universal Terrestrial Radio Access Network
Frequency Division Multiple Access
Flachenkorrekturparameter (Engl: Area Correction Parameters)
GPS Aided Geo Augmented Navigation

GL Obal'naya NAvigatsionnaya Sputnikovaya Sistema (Engl.: Global Navigation Satellite System)
Gateway Mobile Location Center

Global Navigation Satellite System

Global Positioning System

Geodetic Reference System 1980
Homogeneous Extended Service Set |dentifier
Issue of Data

Internet of Things

LoCation Services

LCS Application Protocol

Location Measurement Unit

LTE Positioning Protocol

LTE Positioning Protocol Annex

Master Auxiliary Concept

Metropolitan Beacon System

Mobile Originated Location Request

Mobile Terminated Location Request
NAVigation with Indian Constellation
NarrowBand Internet of Things

Network Induced Location Request

Network — Real-Time Kinematic

Observed Time Difference Of Arrival

Phase Center Offset

Phase Center Variation

Protocol Data Unit

Positioning SIB

Precise Point Positioning

Precise Point Positioning — Real-Time Kinematic
Positioning Reference Signal

Quasi-Zenith Satellite System

Radio Resource Management

Received Signal Strength Indicator
Real-Time Kinematic

Space Based Augmentation System

SUPL Enabled Terminal
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SIB System Information Block
SLP SUPL Location Platform
SSID Service Set |dentifier
SSR State Space Representation
STEC Slant TEC
SUPL Secure User Plane Location
Tabv Timing Advance
TBS Terrestrial Beacon System
TEC Total Electron Content
TP Transmission Point
UE User Equipment
URA User Range Accuracy
UTDOA Uplink Time Difference of Arrival
WAAS Wide Area Augmentation System
WGS-84 World Geodetic System 1984
WLAN Wireless Local Area Network
4 Main concepts and requirements

4.1 Assumptions and Generalities

The stage 1 description of LCS at the service level isprovided in TS 22.071 [3]; the stage 2 LCS functional description,
including the L CS system architecture and message flows, isprovided in TS 23.271 [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 aclient (e.g., an application)
associated with the UE, or by aclient 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, inthe 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" asdefined in TS
23.032[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 metresin some areas and only afew metresin 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 aregulatory requirement for location service accuracy that is part of an
emergency service. Further details of the accuracy regquirements can be found in TS 22.071 [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
serviceis not exclusively for emergencies.

The E-UTRAN isanew 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
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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 advancesin
technology over the lifetime of EFUTRAN 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.

Asabasis for the operation of UE Positioning in E-UTRAN, the following assumptions apply:
- both TDD and FDD will be supported;

- theprovision 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 within the L PP protocol);

- 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;

- LMU aspects are left for implementation and are not standardized in this release.

4.2 Role of UE Positioning Methods

The EFUTRAN may utilise one or more positioning methods in order to determine the position of an UE.
Positioning the UE involves two main steps:

- signa 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 signalsincluding 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.

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 positioning;

enhanced cell 1D method:;

- uplink positioning;
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- WLAN method;
- Bluetooth method,;
- Terrestrial Beacon System method;
- Sensor based methods:
- Barometric Pressure Sensor;
- Motion sensor.
Hybrid positioning using multiple methods from the list of positioning methods above is also supported.

Standalone mode (e.g. autonomous, without network assistance) using one or more methods from the list of positioning
methods above is also supported.

These positioning methods may be supported in UE-based, UE-assisted/E-SML C-based, eNB-assisted, and LMU-
assisted/E-SML C-based versions. Table 4.3-1 indicates which of these versions are supported in this version of the
specification for the standardised positioning methods.

Table 4.3-1: Supported versions of UE positioning methods

Method UE-based | UE-assisted, E-SMLC- eNB- LMU- SUPL Note 3
based assisted assisted/ E-
SMLC-
based
A-GNSS Yes Yes No No Yes
(UE-based
and UE-
assisted)
Downlink No Yes No No Yes (UE-
Notel assisted)
E-CID No Yes Yes No Yes (UE-
assisted)
Uplink No No No Yes No
Sensor Yes Yes No No No
WLAN Yes Yes No No Yes
Bluetooth No Yes No No No
TBS Note2 Yes Yes No No Yes (MBS)
NOTE 1: This includes TBS positioning based on PRS signals.
NOTE 2: In this version of the specification only for TBS positioning based on MBS signals.
NOTE 3: This shows whether the positioning method is supported by SUPL ULP [18].

Sensor, WLAN, Bluetooth, and TBS positioning methods based on MBS signals are also supported in standalone mode,
as described in the corresponding clauses.

43.1 Network-assisted GNSS Methods

These methods make use of UEs that are equipped with radio receivers capable of receiving GNSS signals. In 3GPP
specifications the term GNSS encompasses both global and regional/augmentation navigation satellite systems.

Examples of global navigation satellite systems include GPS, Modernized GPS, Galileo, GLONASS, and BeiDou
Navigation Satellite System (BDS). Regional navigation satellite systemsinclude Quasi Zenith Satellite System
(QZSS), and NAVigation with Indian Constellation (NavlC), while the many augmentation systems, listed in 8.1.1, are
classified under the generic term of Space Based Augmentation Systems (SBAS) and provide regiona augmentation
services.

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.
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4.3.2 Downlink positioning

The downlink (OTDOA) positioning method makes use of the measured timing of downlink signals received from
multiple TPs at the UE. The UE measures the timing of the received signals using assistance data received from the
positioning server, and the resulting measurements are used to locate the UE in relation to the neighbouring TPs.

The operation of the downlink positioning method is described in clause 8.2.

4.3.3 Enhanced Cell ID Methods

Inthe Cell 1D (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, tracking area update, or other
methods. Enhanced Cell ID (E-CID) positioning refers to techniques which use additional UE and/or E-UTRAN radio
resource and other measurements to improve the UE location estimate.

Although E-CID positioning may utilise some of the same measurements as the measurement control system in the
RRC protocol, the UE generally is not expected to make additional measurements for the sole purpose of positioning;
i.e., the positioning procedures do not supply a measurement configuration or measurement control message, and the
UE reports the measurements that it has available rather than being required to take additional measurement actions. For
NB-IoT, when the UE goesto Idle state to perform positioning measurements, the UE may be required to take
additional measurement actions, as specified in clause 7.1.3.

In cases with arequirement for close time coupling between UE and eNode B measurements (e.g., TADV type 1 and
UE Tx-Rx time difference), the eNode B configures the appropriate RRC measurements and is responsible for
maintaining the required coupling between the measurements.The operation of the Enhanced Cell ID method is
described in clause 8.3.

4.3.4 Uplink positioning

The uplink (e.g., UTDOA) positioning method makes use of the measured timing at multiple LMUs of uplink signals
transmitted from UE. The LMU measures the timing of the received signals using assistance data received from the
positioning server, and the resulting measurements are used to estimate the location of the UE.

The operation of the Uplink positioning method is described in clause 8.5.

4.3.5 Barometric pressure sensor positioning

The barometric pressure sensor method makes use of barometric sensors to determine the vertical component of the
position of the UE. The UE measures barometric pressure, optionally aided by assistance data, to calculate the vertical
component of itslocation or to send measurements to the positioning server for position calculation.

This method should be combined with other positioning methods to determine the 3D position of the UE.

The operation of the Barometric pressure sensor positioning method is described in clause 8.6.

4.3.6 WLAN positioning

The WLAN positioning method makes use of the WLAN measurements (AP identifiers and optionally other
measurements) and databases to determine the location of the UE. The UE measures received signals from WLAN [29]
access points, optionally aided by assistance data, to send measurements to the positioning server for position
calculation. Using the measurement results and a references database, the location of the UE is calculated.

Alternatively, the UE makes use of WLAN measurements and optionally WLAN AP assistance data provided by the
positioning server, to determine its location.

The operation of the WLAN positioning method is described in clause 8.7.

4.3.7 Bluetooth positioning

The Bluetooth positioning method makes use of Bluetooth to determine the location of the UE. Three modes are
supported:
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- the UE measures received signals from Bluetooth [30] beacons, associated to beacon identifiers.

- the UE transmits a Bluetooth Continuous Tone Extension (CTE) signal to enable Bluetooth beacons to estimate
AO0A from the UE [40].

- the UE, based on assistance data from the positioning server about Bluetooth beacon's antenna configuration,
estimates AoD from the Bluetooth beacons [40].

Using the measurement results and a references database, the location of the UE is calculated. The Bluetooth methods
may be combined with other positioning methods (e.g. WLAN) to improve positioning accuracy of the UE.

The operation of the Bluetooth positioning method is described in clause 8.8.

4.3.8 TBS positioning

A Terrestrial Beacon System (TBS) consists of a network of ground-based transmitters, broadcasting signals only for
positioning purposes. The current type of TBS positioning signals are the MBS (Metropolitan Beacon System) signals
[31] and Positioning Reference Signals (PRS) (TS 36.211 [32]). The UE measures received TBS signals, optionally
aided by assistance data, to calculate its location or to send measurements to the positioning server for position
calculation.

The operation of the TBS positioning method based on MBS signalsis described in clause 8.9.
TBS positioning based on PRS signalsis part of downlink (OTDOA) positioning and described in clause 8.2.

4.3.9 Motion sensor positioning

The motion sensor method makes use of different sensors such as accelerometers, gyros, magnetometers, to calculate
the displacement of UE. The UE estimates a rel ative displacement based upon a reference position and/or reference
time. UE sends areport comprising the determined relative displacement which can be used to determine the absolute
position.

This method should be used with other positioning methods for hybrid positioning.

The operation of the sensor positioning method is described in clause 8.10.

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 arequest for some location service associated with a particular target UE from another entity (e.g.,
GMLC or UE) or the MME itself 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 TS 23.271 [2]. The MME then sends a location services request to
an E-SMLC. The E-SMLC processes 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. For
the Uplink method, the E-SMLC processes the location services request which includes transferring configuration data
to the selected LMU(s). 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 alocation service
requested by an entity other than the MME (e.g., UE or E-SMLC), the MME returns the location service result to this
entity.

The SLP isthe SUPL entity responsible for positioning over the user plane. Further details of the relationship of the
user-plane positioning entities to the E-UTRAN control-plane positioning architecture are described in Annex B.

An eNodeB may control several TPs, such as remote radio heads, or PRS-only TPs for support of PRS-based TBS.
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Figure 5-1: UE Positioning Architecture applicable to E-UTRAN

5.1 UE Positioning Operations

To support positioning of atarget UE and delivery of location assistance datato a UE with E-UTRAN accessin 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.

Note that when the MME receives Location Service Request in case of the UE isin ECM-IDLE state, the MME
performs a network triggered service request as defined in TS 23.401 [19] in order to establish a signalling connection
with the UE and assign a specific eNodeB. The UE is assumed to be in connected mode before the beginning of the
flow shown in the Figure 5.1-1; that is, any signalling that might be required to bring the UE to connected mode prior to
step lais not shown. The signaling connection may, however, be later released (e.g. by the eNode B as aresult of
signaling and data inactivity) while positioning is still ongoing.
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Figure 5.1-1: Location Service Support by E-UTRAN

1a. Either: the UE requests some |ocation 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 atarget UE to the
serving MME .

1c. Or: the serving MME for atarget 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 ingtigates | ocation procedures with the serving eNode B for the UE — e.g. to obtain positioning
measurements or assistance data.

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

3c. For uplink positioning (e.g., UTDOA), in addition to performing step 3a, the E-SMLC instigates location
procedures with multiple LMUs for the target UE — e.g. to obtain positioning measurements.

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

5a. If step 1la was performed, the MME returns a location service response to the UE and includes any needed results
—e.g. alocation 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. alocation 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 thisin step 1c (e.g. may provide alocation estimate associated with an emergency call to a GMLC).

L ocation procedures applicable to E-UTRAN occur in steps 3a, 3b and 3c in Figure 5.1-2 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
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signalling applicable to steps 3a and 3b. Other stepsin Figure 5.1-2 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 4.3 and described in detail in clause 8.

The case that the eNode B functions as an LCS client is not supported in this version of the specification.

5.2 E-UTRAN Positioning Operations

Separately from location service support for particular UES, an E-SMLC may interact with elementsin the E-UTRAN
in order to obtain measurement information to help assist one or more position methods for al UEs. An E-SMLC may
aso interact with elementsin E-UTRAN to provide location assistance data information for broadcasting.

5.2.1 Downlink Position Method Support

An E-SMLC can interact with any eNodeB reachable from any of the MMEs with signaling accessto the E-SMLC in

order to obtain location related information to support the downlink position method, including PRS-based TBS. The

information can include timing information for the TP in relation to either absolute GNSS time or timing of other TPs
and information about the supported cells and TPs including PRS schedule.

Signalling access between the E-SMLC and eNodeB is viaany MME with signalling access to both the E-SMLC and
eNodeB.

5.2.2 Uplink Position Method Support

An E-SMLC can interact with the Serving eNodeB for the UE in order to retrieve target UE configuration information
to support the uplink positioning method. The configuration information may include information required by the
LMUSsin order to obtain uplink time measurements; see clause 8.5.2. The E-SMLC can indicate to the serving eNodeB
the need to direct the UE to transmit SRS signals (up to the maximum SRS bandwidth applicable for the carrier
frequency) for uplink positioning. If the requested resources are not available, the eNB may assign other resources (or
no resources e.g. if none are available) and report the resource allocation to the E-SMLC.

The E-SMLC can a so request multiple LMUs to perform uplink time measurements and report the results.

5.2.3 Assistance Information Broadcast Support

An E-SMLC can interact with any eNodeB reachable from any of the MMEs with signalling accessto the E-SMLC in
order to provide location assistance data information for broadcasting. The information can include positioning System
Information Blocks (posSIBs) together with assistance information meta data and broadcast periodicity.

Signalling access between the E-SMLC and eNodeB is viaany MME with signalling access to both the E-SMLC and
eNodeB.

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 and TBS systems, WLAN access points,
Bluetooth beacons, UE barometric pressure and motion sensors. 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 either through communication with a network
accessed by the UE or through another application residing in the UE. This LCS application may include the needed
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measurement and cal culation functions to determine the UE's position with or without network assistance. Thisis
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 assistance information obtained from the network.

532 eNode B

The eNode B is a hetwork element of E-UTRAN that may provide measurement results for position estimation and
makes measurements of radio signals for atarget UE and communicates these measurements to an E-SMLC.

The eNode B makes its measurements in response to requests from the E-SMLC (on demand or periodically).

The eNode B may configure the target UE to transmit periodic SRS with multiple transmissions (see 5.2.2) during
uplink positioning.

An eNode B may serve several TPs, including for example remote radio heads and PRS-only TPs for PRS-based TBS
positioning.

An eNode B may broadcast |ocation assistance data information, received from an E-SMLC, in positioning System
I nformation messages.

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 datato UEs. The E-SMLC may interact with the serving eNode B for atarget 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 such as for support of
handover. The E-SMLC may also interact with the serving eNode B to indicate to the serving eNode B the need to
direct the UE to transmit SRS (see 5.2.2) signals to enable the uplink positioning method and to acquire the target UE
configuration data needed by the LM Us to calculate the timing of these signals.

The E-SMLC will select aset of LMUsto be used for the UTDOA positioning. The E-SMLC interacts with the selected
LMUSsto request timing measurements.

The E-SMLC may interact with atarget UE in order to deliver assistance data if requested for a particular location
service, or to obtain alocation estimate if that was requested.

The E-SMLC may interact with multiple eNode B's to provide location assistance data information for broadcasting.
The assistance data information for broadcast may optionally be segmented and/or ciphered by the E-SMLC. The E-
SMLC may also interact with MMEs to provide ciphering key data information to the MME as described in greater
detail inTS23.271[2].

For positioning of atarget 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 capahilities. The
E-SMLC then invokes these positioning methods in the UE and/or serving eNode B. The positioning methods may
yield alocation 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 (hybrid positioning). Additional information like accuracy of the location estimate and velocity may also
be determined.

5.34 Location Measurement Unit (LMU)

The Location Measurement Unit (LMU) makes measurements and communicates these measurementsto an E-SMLC.
All positioning measurements obtained by an LMU are supplied to the E-SMLC that made the request.

A UE Positioning request may involve measurements by multiple LMUSs.
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6 Signalling protocols and interfaces

6.1 Network interfaces supporting positioning operations

6.1.1 General LCS control plane architecture

The general LCS control plane architecture in the EPS applicable to atarget UE with E-UTRAN accessis defined in TS
23.271[2].

6.1.2 LTE-Uu interface

The LTE-Uu interface, connecting the UE to the eNode B over the air, is used as one of several transport links for the
L TE Positioning Protocol.

6.1.3 S1-MME interface

The S1-MME interface between the eNode B and the MME is transparent to al UE-positioning-related procedures. It is
involved in these procedures only as atransport link for the LTE Positioning Protocol.

For eNode B related positioning procedures, the S1-MME interface transparently transports both positioning requests
from the E-SMLC to the eNode B and positioning results from the eNode B to the E-SMLC.

For delivery of broadcast |ocation assistance data information, the S1-MME interface transparently transports the
assistance data information from the E-SMLC to the eNode B for broadcasting and feedback information from the
eNode B to the E-SMLC. The SI-MME interfaceis also used by an MME to provide ciphering keys to UEs for usein
deciphering broadcast location assistance data information which was ciphered by an E-SMLC.

6.1.4 SLs interface

The SLsinterface, between the E-SMLC and the MME, is transparent to all UE related and eNode B related positioning
procedures. It isthen used only as atransport link for the LTE Positioning Protocols LPP and LPPa.

The SLsinterface supports location sessions instigated by the MME as defined in TS 23.271 [2]. LPP and LPPa
transport are then supported as part of any location session.

6.1.5 SLm interface

The SLm interface between the E-SMLC and an LMU is used for uplink positioning. It is used to transport SLmAP
protocol messages over the E-SMLC-LMU interface.

Network sharing should be supported. (Details FFS).

6.2 UE-terminated protocols

6.2.1 LTE Positioning Protocol (LPP)

The LTE Positioning Protocol (LPP) isterminated between atarget device (the UE in the control-plane case or SET in
the user-plane case) and a positioning server (the E-SMLC in the control-plane case or SLP in the user-plane case). It
may use either the control- or user-plane protocols as underlying transport. In this specification, only control plane use
of LPP is defined. User plane support of LPP isdefined in [17] and [18].

LPPisapoint to point positioning protocol with capabilities similar to thosein UMTS RRC (TS 25.331 [15]) and
GERAN RRLP (TS 44.031 [16]). Whereas RRLP supports positioning of atarget MS accessing GERAN and RRC
supports positioning of atarget UE accessing UTRAN, LPP supports positioning and location related services (e.g.
transfer of assistance data) for atarget UE accessing E-UTRAN. To avoid creating new positioning protocols for future
access types devel oped by 3GPP, and to enable positioning measurements for terrestrial access types other than
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E-UTRAN, LPP isin principle forward-compatible with other access types, even though restricted to E-UTRAN access
in this specification.

LPP further supports the OMA user plane location solution SUPL 2.0, as defined in the OMA SUPL 2.0 standards
([27], [18]), and is intended to be compatible with the successor protocols of SUPL 2.0 aswell.

L PP messages are carried as transparent PDUs across intermediate network interfaces using the appropriate protocols
(e.g., S1-AP over the SI-MME interface, NAS/RRC over the Uu interface). The LPP protocol isintended to enable
positioning for LTE using a multiplicity of different position methods, while isolating the details of any particular
positioning method and the specifics of the underlying transport from one another.

The protocol operates on atransaction basis between atarget device and a server, with each transaction taking place as
an independent procedure. More than one such procedure may be in progress at any given moment. An LPP procedure
may involve a request/response pairing of messages or one or more "unsolicited” messages. Each procedure has asingle
objective (e.g., transfer of assistance data, exchange of LPP related capabilities, or positioning of atarget device
according to some QoS and use of one or more positioning methods). Multiple procedures, in series and/or in parallel,
can be used to achieve more complex objectives (e.g., positioning of atarget device in association with transfer of
assistance data and exchange of LPP related capabilities). Multiple procedures also enable more than one positioning
attempt to be ongoing at the same time (e.g., to obtain a coarse location estimate with low delay while a more accurate
location estimate is being obtained with higher delay).

An LPP session is defined between a positioning server and the target device, the details of its relation with transactions
are described in clause 4.1.2 of TS 36.355 [25].

A single LPP transaction may be realised as multiple procedures; e.g., a single transaction for provision of assistance
data might comprise several Provide Assistance Data messages, with each such message constituting a separate
procedure (since there is no "multiple unsolicited messages" procedure type).

For the 3GPP EPS Control Plane solution defined in TS 23.271 [2], the UE is the target device and the E-SMLC isthe
server. For SUPL 2.0 support, the SUPL Enabled Terminal (SET) isthe target device and the SUPL Location Platform
(SLP) isthe server. The protocol does not preclude the possibility of future developments in control plane and user
plane solutions (e.g., possible successors of SUPL 2.0, as well as possible future 3GPP control plane solutions).

All LPP operations and procedures are defined with respect to the target and server, and thus the L PP operations and
procedures defined here with respect to a UE and an E-SMLC can also be viewed in this more generic context by
substituting any target for the UE and any server for the E-SMLC.

LPP further supports multiple positioning methods as defined in clause 4.3.

L PP supports hybrid positioning, in which two or more position methods are used concurrently to provide
measurements and/or alocation estimate or estimates to the server. LPP is forward compatible with the later addition of
other position methods in later releases (e.g., position methods associated with other types of terrestrial access).

LPP also supports RRC broadcast of location assistance data information using data types defined in relation to LPP
which are embedded in positioning SIBs. This enables an E-SMLC and a UE to support broadcast |ocation assistance
data using the same data structures which are used for point to point location.

The operations controlled through L PP are described further in clause 7.1.

6.2.2 Radio Resource Control (RRC)

The RRC protocol is terminated between the eNode B and the UE. In addition to providing transport for L PP messages
over the Uu interface, it supports transfer of measurements that may be used for positioning purposes through the
existing measurement systems specified in TS 36.331 [14].

The RRC protocol aso supports broadcasting of location assistance data via positioning System I nformation messages.
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6.3 eNB-terminated protocols

6.3.1 LTE Positioning Protocol Annex (LPPa)

The LTE Positioning Protocol Annex (LPPa) carriesinformation between the eNode B and the E-SMLC. It is used to
support the following positioning functions:

- E-CID cases where assistance data or measurements are transferred from the eNode B to the E-SMLC;

- data collection from eNodeBs for support of downlink OTDOA positioning;

- retrieval of UE configuration data from the eNodeBs for support of uplink (e.g., UTDOA) positioning;

- exchange of information between E-SMLC and eNodeBs for the purpose of assistance data broadcasting.

The LPPa protocol is transparent to the MME. The MME routes the LPPa PDUs transparently based on a short Routing
ID corresponding to the involved E-SMLC node over Sl interface without knowledge of the involved L PPatransaction.
It carriesthe LPPaPDUs over Sl interface either in UE associated mode or non-UE associated mode.

6.3.2 S1 Application Protocol (S1-AP)
The S1-AP protocol, terminated between the MME and the eNode B, is used as transport for LPP and L PPa messages

over the SI-MME interface. The S1-AP protocol is also used to instigate and terminate eNode B related positioning
procedures.

6.4 Signalling between an E-SMLC and UE

6.4.1 Protocol Layering

Figure 6.4.1-1 shows the protocol layering used to support transfer of LPP messages between an E-SMLC and UE. The
LPP PDU iscarried in NAS PDU between the MME and the UE.

=) J ettt - LPP
Relay
NAS et B NAS
o LCSAP} -~~~ -+--——---| LCS-AP

RRC [ RRC Y S1-AP [~ i S1-AP
PDCP [------F------- PDCP | SCTP f------=i------- SCTP | SCTP fp------F-------| SCTP
RLC [----=-F------- RLC =T e kbt IP [ e e =
MAC  fessemcbaccnnn- MAC 172 R R L2 L2 fo— i | L2

1 S S L1 1 S S L1 Ly b | 11

LTE Uu S1-MME SLs

UE eNode B MME E-SMLC

Figure 6.4.1-1: Protocol Layering for E-SMLC to UE Signalling

6.4.2 LPP PDU Transfer

Figure 6.4.2-1 shows the transfer of an LPP PDU between an E-SMLC and UE, in the network- and UE-triggered cases.
These two cases may occur separately or as parts of a single more complex operation.
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UE I eNB MMEI E-SMLC I
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Figure 6.4.2-1: LPP PDU transfer between E-SMLC and UE (network- and UE-triggered cases)

1. Steps1to 4 may occur before, after, or at the same time as steps 5to 8. Steps 1 to 4 and steps 5 to 8 may also be
repeated. Steps 1 to 4 are triggered when the E-SML C needs to send an L PP message to the UE as part of some
LPP positioning activity. The E-SMLC then sends an LCS-AP PDU to the MME carrying an LPP PDU
comprising the message.

2. Ifthe UEisin ECM-IDLE state (e.g. if the S1 connection was previously released due to data and signalling
inactivity), the MME performs a network triggered service request asdefined in TS 23.401 [19] in order to
establish a signalling connection with the UE and assign a serving eNode B.

3. The MME includes a session identifier (a.k.a Routing identifier defined in TS 24.171 [26]), which is associated
with the positioning session between the MME and E-SMLC, and the LPP PDU in the NAS Transport Message
and then forwards the NAS Transport Message to the serving eNode B in an SLAP Downlink NAS Transport
message. The MME need not retain state information for this transfer; it can treat any responsein step 7 asa
separate non-associated transfer.

4. The eNode B forwardsthe NAS Transport Message to the UE in an RRC DL Information Transfer message.

5. Steps5 to 8 are triggered when the UE needs to send an LPP PDU to the E-SMLC as part of some LPP
positioning activity. If the UE isin ECM-IDLE state, the UE instigates a UE triggered service reguest as defined
in TS 23.401 [19] in order to establish a signalling connection with the MME and assign a serving eNode B.

6. The UE includes the session identifier (a.k.a Routing identifier defined in TS 24.171 [26]), which has been
received in step 4, and an LPP PDU to the serving eNode B in an RRC UL Information Transfer message.

7. The eNode B forwards the NAS Transport Message to the MME in an SIAP Uplink NAS Transport message.
8. The MME forwards the LPP PDU to the E-SMLC inan LCS-AP PDU.

6.5 Signalling between an E-SMLC and eNode B

6.5.1

Figure 6.5.1-1 shows the protocol layering used to support transfer of LPPa PDUs between an E-SMLC and eNode B.

Protocol Layering
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The LPPa protocol is transparent to the MME. The MME routes the L PPa PDUs transparently based on a short Routing
ID which corresponds to the involved E-SML C node over the S1 interface without knowledge of the involved LPPa
transaction. It carriesthe LPPa PDUs over Sl interface either in UE associated mode or non-UE associated mode.

LPPa

S1-AP

SCTP

IP

L2

L1

eNode B

,,,,,,,,,,,,,,,,,,,,,,,

L L T
|

S Py

S1-MME

e LPPa
SIAP | LCSAR[mrtee LCS-AP
SCTP | SCTP f-=======- ------------ SCTP
IP IP ~n~~w~% ffffffffffff P
L2 2 i ............ L2
L1 15 R P R— L1
MME sts E-SMLC

Figure 6.5.1-1: Protocol Layering for E-SMLC to eNode B Signalling

6.5.2 LPPa PDU Transfer for UE Positioning

Figure 6.5.2-1 shows LPPa PDU transfer between an E-SMLC and eNode B to support positioning of a particular UE.

U

= eNB

1. LCE-AP PDU (LPPa H

2. Network Triggered Service Request |

———— P
4. S1AP Uplink LPPa UE Assogiated Transfer (LPPa

5. LCS{AP PDU (LPPa P-DIU

MME E-SMLC

DU)

3. S1AH Bownlink LPPa UE Associated Transfer (LPPa PDU)

PDU)

Figure 6.5.2-1: LPPa PDU Transfer between an E-SMLC and eNode B for UE Positioning

1. Steps1to 3 aretriggered when the E-SMLC needs to send an LPPa message to the serving eNode B for atarget
UE as part of an LPPa positioning activity. The E-SMLC then sends an LCS-AP PDU (as specified in TS 29.171
[27]) to the MME including the Correlation ID corresponding to the UE and carrying an LPPaPDU comprising

the message.

2. Ifthe UEisin ECM-IDLE state (e.g. if the S1 connection was previously released due to data and signalling
inactivity), the MME performs a network triggered service request asdefined in TS 23.401 [19] in order to
establish a signalling connection with the UE and assign a serving eNode B.

3. The MME forwards the LPPa PDU to the serving eNode B in an SIAP Downlink UE Associated LPPa
Transport message over the S1 signalling connection corresponding to the UE and includes the Routing 1D
related to the E-SMLC. The MME need not retain state information for this transfer — e.g. can treat any response
in step 4 as a separate non-associated transfer.
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4.

Steps 4 and 5 are triggered when a serving eNode B needs to send an L PPa message to the E-SMLC for atarget
UE as part of an LPPa positioning activity. The eNode B then sends an LPPa PDU to the MME in an S1AP
Uplink UE Associated L PPa Transport message and includes the Routing ID received in step 3.

The MME forwards the LPPaPDU to the E-SM L C associated with the Routing ID received in step 4 inan LCS-
AP PDU (as specified in TS 29.171 [27]) including the Correlation ID corresponding to the UE. Steps 1 to 5 may
be repeated.

6.5.3 LPPa PDU Transfer for Positioning Support

Figure 6.5.3-1 shows L PPa PDU transfer between an E-SMLC and eNodeB when related to gathering data from the
eNodeB for positioning support for all UEs.

TP TP eNB MME E-SMLC
- — — — P
- ————— — — P
0. eNB-TH signalling/
configuration

-
1.|LCS-AP PDU (LPPa PDU)

R
2. B1AP Downlink LPPa Nogn UE
sociated Transfer (LPPa PDU)

-
3. S1AP Uplink LPPa Nonl UE
Aspociated Transfer (LPPa|PDU)

>
7

>
4.|LCS-AP PDU (LPPa PDU)

Figure 6.5.3-1: LPPa PDU Transfer between an E-SMLC and eNodeB for obtaining eNodeB Data

0.

An eNodeB may communicate with several TPs (including PRS-only TPsin case of PRS-based TBSis
supported) to configure TPs, obtain TP configuration information, etc.
NOTE: eNodeB-TP signalling and configuration is outside the scope of this specification.

Steps 1 and 2 are triggered when the E-SML C needs to send an L PPa message to an eNodeB to obtain data
related to the eNodeB, and possibly associated TPs. The E-SMLC determines an MME with access to the
eNodeB and then sends an LCS-AP PDU (as specified in TS 29.171 [27]) to the MME carrying an LPPaPDU,
the global identity of the eNodeB and the identity of the E-SMLC.

The MME forwards the LPPa PDU to the identified eNode B in an SLIAP Downlink Non UE Associated L PPa
Transport message and includes the Routing ID related to the E-SMLC. The MME need not retain state
information for thistransfer — e.g. can treat any response in step 3 as a separate hon-associated transfer.

Steps 3 and 4 are triggered when an eNode B needsto send an LPPa PDU to an E-SMLC containing data
applicable to the eNodeB, and possibly associated TPs. The eNodeB determines an MME with access to the E-
SMLC and then sends an LPPa PDU to the MME in an SIAP Uplink Non UE Associated L PPa Transport
message. The eNodeB includes the Routing ID related to the E-SMLC received at step 2.

The MME forwards the LPPa PDU to the E-SMLC associated to the Routing ID indicated in step 3 and includes
the global identity of the eNodeB and the identity of the E-SMLC in an LCS-AP PDU (as specified in TS29.171
[27]). Steps 1 to 4 may be repeated.

6.5.4 LPPa PDU Transfer for Assistance Information Broadcast

Figure 6.5.4-1 shows LPPa PDU transfer between an E-SMLC and eNode B to support broadcast of assistance data.
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eNB MME E-SMLC

1. LCS-AP PDU (LPPa PDU)

-
2. S1AP Downlink LPPa Non UE
Associated Transfer (LPPa PDU)

Figure 6.5.4-1: LPPa PDU Transfer between an E-SMLC and eNodeB for providing assistance
information for broadcasting.

1. Step listriggered when the E-SMLC needsto send new or updated assistance information to an eNodeB for
broadcasting in positioning system information messages. The E-SMLC determines an MME with access to the
eNodeB and then sends an LCS-AP PDU (as specified in TS 29.171 [27]) to the MME carrying an LPPa PDU,
the global identity of the eNodeB and the identity of the E-SMLC.

2. The MME forwards the LPPa PDU to the identified eNode B in an SIAP Downlink Non UE Associated LPPa
Transport message and includes the Routing ID related to the E-SMLC. The MME need not retain state
information for thistransfer.

Figure 6.5.4-2 shows LPPa PDU transfer between an eNode B and E-SMLC for providing feedback to the E-SMLC on
assistance data broadcasting.

eNB MME E-SMLC

>

1. S1AP Uplink LPPa Non UE
Associated Transfer (LPPa PDU)

-
2. LCS-AP PDU (LPPa PDU)

Figure 6.5.4-2: LPPa PDU Transfer between an eNodeB and E-SMLC for providing feedback on
assistance data broadcasting.

1. Step listriggered when an eNode B needsto send an LPPa PDU to an E-SMLC for providing feedback on
assistance data broadcasting. Step 1 may only be triggered if the procedure in Figure 6.5.4-1 has already been
performed. The eNodeB determines an MME with access to the E-SMLC and then sends an LPPa PDU to the
MME in an S1IAP Uplink Non UE Associated L PPa Transport message. The eNodeB includes the previously
received Routing ID related to the E-SMLC (Figure 6.5.4-1).

2. The MME forwards the LPPa PDU to the E-SML C associated to the Routing ID indicated in step 1 and includes
the global identity of the eNodeB and the identity of the E-SMLC in an LCS-AP PDU (as specified in TS 29.171

[27]).
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6.6 LMU-terminated protocols

6.6.1 SLm Application Protocol (SLmMAP)
The SLmAP protocol, terminated between the E-SMLC and the LMU is used to support the following functions:
- delivery of target UE configuration data from the E-SMLC to the LMU
- reguest positioning measurements from the LMU and delivery of positioning measurementsto the E-SMLC.

The SLmAP protocol is directly between the E-SMLC and the LMU.

6.7 Signalling between an E-SMLC and LMU

6.7.1 Protocol Layering

Figure 6.Y.1-1 shows the protocol layering used to support transfer of SLmAP messages between an E-SMLC and
LMU.

SLMAP[~-"=-==="1mmmmmmmmm SLmMAP
SCTP [---------t---=--mm---- SCTP
] IP
L2 b L2
L1 b eo L1
LMU skm E-SMLC

Figure 6.7.1-1: Protocol Layering for direct E-SMLC to LMU Signalling

7 General E-UTRAN UE Positioning procedures

7.1 General LPP procedures for UE Positioning

7.1.1 LPP Procedures

Positioning proceduresin the EFUTRAN are modelled as transactions of the LPP protocol using the procedures defined
in this specification. A procedure consists of a single operation of one of the following types:

- Exchange of positioning capabilities;

- Transfer of assistance data;

- Transfer of location information (positioning measurements and/or position estimate);
- Error handling;

- Abort.
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Parallel transactions are permitted (i.e. a new LPP transaction may be initiated, while another one is outstanding).

As described in clause 6.2.1, the protocol operates between a "target” and a"server”. In the control-plane context, these
entities are the UE and E-SMLC respectively; in the SUPL context they are the SET and the SLP. The terms "target”
and "server" are used in the flows in this clause to avoid redundancy between the two versions of the positioning
operations. A procedure may be initiated by either the target or the server. Both target initiated and server initiated
procedures are supported.

7.1.2 Positioning procedures

7121 Capability transfer

A UE request for capability from E-SMLC or delivery of the E-SMLC capability to the UE is not supported in this
version of the specification.

Capabilitiesin an LPP context refer to the ability of atarget or server to support different position methods defined for
LPP, different aspects of a particular position method (e.g. different types of assistance data for A-GNSS) and common
features not specific to only one position method (e.g. ability to handle multiple L PP transactions). These capabilities
are defined within the LPP protocol and transferred between the target and the server using L PP transport.

The exchange of capabilities between atarget and a server may be initiated by a request or sent as "unsolicited"
information. If arequest is used, the server sends an LPP Request Capabilities message to the target device with a
request for capability information. The target sends an LPP Provide Capabilities message.

Target Server

i ——] | PP Request Capabilities

2. LPP Prowide C.apabilities ——

Figure 7.1.2.1-1: LPP Capability Transfer procedure

1. The server may send arequest for the LPP related capabilities of the target.

2. Thetarget transfersits LPP-related capabilities to the server. The capabilities may refer to particular position
methods or may be common to multiple position methods.

L PP Capability Indication procedure is used for unsolicited capability transfer.

Target Server

1.LPF P mowvide Capabilties ———

Figure 7.1.2.1-2: LPP Capability Indication procedure
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Assistance data may be transferred either by request or unsolicited. In this version of the specification, assistance data
delivery is supported only via unicast transport from server to target.

Target

—— 2 | PP Provide Assistance Data

1. LPP Request Assistance Data———— |

Server

Figure 7.1.2.2-1: LPP Assistance Data Transfer procedure

1. Thetarget may send areguest to the server for assistance data and may indicate the particular assistance data

needed.

2. The server transfers assistance data to the target. The transferred assistance data should match any assistance

datarequested in step 1.

3. Optionally, the server may transfer additional assistance data to the target in one or more additional LPP

Mmessages.

LPP Assistance Data Delivery procedure is used for unilateral assistance data transfer.

Target

otf}—— | LP P Provide Assistance Data

Senyer

Figure 7.1.2.2-2: LPP Assistance Data Delivery procedure

This procedure is unidirectional; assistance data are aways delivered from the server to the target.

7.1.2.3 Location information transfer

The term "location information” applies both to an actual position estimate and to values used in computing position
(e.g., radio measurements or positioning measurements). It is delivered either in response to arequest or unsolicited.
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Target Server

-«—— 1. LPP Request Location Information

2. LPP Provide Location Information——— |

Figure 7.1.2.3-1: LPP Location Information Transfer procedure

1. The server may send arequest for location information to the target, and may indicate the type of location
information needed and associated QoS.

2. Inresponseto step 1, the target transfers location information to the server. The location information transferred
should match the location information requested in step 1.

3. Optionadly (e.g., if requested in step 1), the target in step 2 may transfer additional location information to the
server in one or more additional L PP messages.

LPP Location Information Delivery procedure is used for unilateral location information transfer.

NOTE: the LPP Location Information Delivery procedure can only be piggybacked in the MO-LR request.

Target Server

1. LPP Provide Location Information —_—

Figure 7.1.2.3-2: LPP Location Information Delivery procedure

7124 Multiple transactions

Multiple LPP transactions may be in progress simultaneously between the same target and server nodes, to improve
flexibility and efficiency. However, no more than one L PP procedure between a particular pair of target and server
nodes to obtain location information shall be in progress at any time for the same position method.

In this example, the objective is to request location measurements from the target, and the server does not provide
assistance data in advance, leaving the target to request any needed assistance data. A message flow is shown in Figure
7.1.24-1.
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Target Server

-a—1. LPP Message: Request Location Information [transaction A]

2. LPP Message: Assistance data request [transaction B|———»|

-¢—— 3. LPP Message: Assistance data delivery [transaction B]

—4. LPP Message: Location information [measurements, transaction A]—

Figure 7.1.2.4-1. Example of multiple LPP procedures

1. The server sends arequest to the target for positioning measurements.

2. Thetarget sends arequest for particular assistance data.
3. The server returns the assistance data requested in step 2.
4. Thetarget obtains and returns the location information (e.g., positioning method measurements) requested in
step 1.
7.1.25 Sequence of Procedures

L PP procedures are not required to occur in any fixed order, in order to provide greater flexibility in positioning. Thus,
a UE may request assistance data at any time in order to comply with a previous request for location measurements
from the E-SMLC; an E-SMLC may instigate more than one request for location information (e.g., measurements or a
location estimate) in case location results from a previous request were not adequate for the requested QoS; and the
target device may transfer capability information to the server at any timeif not already performed.

Degpite the flexibility allowed by LPP, it is expected that procedures will normally occur in the following order:
1. Capability Transfer;
2. Assistance Data Transfer;
3. Location Information Transfer (measurements and/or location estimate).

Specific examples for each positioning method are shown in clause 8.

7.1.2.6 Error handling

The procedure is used to notify the sending endpoint by the receiving endpoint that the receiving LPP message is
erroneous or unexpected. This procedureis bidirectional at the LPP level; either the target or the server may take the
role of either endpoint in Figure 7.1.2.6-1.
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Target/Server Server/Target

1. LPP Message g

[t 2. LPP Message: Error:

Figure 7.1.2.6-1: Error handling

1. Thetarget or server (indicated as "Target/Server" in Figure 7.1.2.6-1) sends a L PP message to the other endpoint
(indicated as " Server/Target").

2. If the server or target (" Server/Target") detects that the receiving L PP message is erroneous or unexpected, the
server or target transfers error indication information to the other endpoint (" Target/Server™).

7.1.2.7 Abort

The procedure is used to notify the other endpoint by one endpoint to abort an ongoing procedure between the two

endpoints. This procedure is bidirectiona at the LPP level; either the target or the server may take the role of either
endpoint in Figure 7.1.2.7-1.

Target/Server Server/Target

| |
1. Ongoing LPP Procedure

2. LPP Message: Abort

Figure 7.1.2.7-1: Abort
1. A LPP procedureis ongoing between target and server.

2. |f the server or target (" Server/Target") determines that the procedure must be aborted, and then the server or

target sends an LPP Abort message to the other endpoint (" Target/Server") carrying the transaction ID for the
procedure.

7.1.3 UE positioning measurements in idle state for NB-loT
NB-loT UEs may perform measurements for some positioning methods only when in idle state.

Figure 7.1.3-1 shows the genera positioning procedure where the UE performs positioning measurements in idle state.
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UE eNB MME E-SMLC

1./2. LPP Capability Transfer

3. LPP Assistance Data Delivery

4./5. LPP Request Location Information

6. Inactivity Timer Expires

[«@—RRC Connection Release—wr-——UE Context Release—P»|

7. Location
Measurements

8. UE Triggered Service Request or Connection Resume

9. LPP Provide Location Information

Figure 7.1.3-1: UE positioning measurements in idle state.

1. TheE-SMLC isaware of the UE access type and/or coverage level if applicable from the Location Service
Request message received from the MME. The E-SMLC may send a L PP Request Capabilities message to the
UE to obtain the UE positioning method capabilities from the UE, as described in clause 7.1.2.1.

2. The UE sendsits positioning method capabilities to the E-SMLC in a LPP Provide Capabilities message,
including an indication of position methods for which the UE needs to make measurementsin idle state.

3. The E-SMLC may determine the assistance data required for the selected position method or methods, and sends
them in one or more LPP Provide Assistance data messages to the UE, as described in clause 7.1.2.2. If an LPP
acknowledgement was requested, the UE sends an L PP acknowledgment for each received LPP Provide
Assistance data message to the E-SMLC.

4. If the UE capabilities from step 2 indicate that idle state is required for positioning measurements, the E-SMLC
may allow additional response time to the UE to obtain the location measurements, and sends one or more LPP
Request Location Information messages to the UE requesting positioning measurements or a location estimate,
and including the required response time, as described in clause 7.1.2.3. For E-CID positioning method, when
NRSRP/NRSRQ measurements are requested the UE is requested to provide NRSRP/NRSRQ measurements for
intra-frequency neighbour cells and for inter-frequency neighbour cells. The UE may use inter-frequency
information in system information of the serving cell specified in TS 36.331 [14] to decide on which inter-
frequency cellsto measure.

5. The UE sends an L PP acknowledgement for each received L PP Request Location Information message to the
E-SMLC, if an LPP acknowledgement was requested at step 4 but does not perform the requested measurements.

6. The UE may finish any other activitiesin progress (e.g., SMS or data transfer), and waits until the network
releases or suspends the connection (after a certain period of inactivity). The UE will then receive an RRC
connection release or suspend from the eNodeB due to the expiration of the inactivity timer.

7. When the UE has entered idle state, the UE performs the measurements requested in step 4.

8. Before the location measurements are to be sent to the E-SMLC, the UE instigates a UE triggered service request
or, when User Plane CloT EPS optimization applies, the Connection Resume procedure as defined in TS 23.401
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[19], if the UE is not using Control Plane CloT EPS Optimisation, in order to establish a signalling connection
with the MME. If the UE is using Control Plane CloT EPS Optimisation, procedures for Mobile Originated Data
Transport in Control Plane CloT EPS optimisation as defined in TS 23.401 [19] are performed by the UE to
establish a signalling connection with the MME.

9. When the LPP response time received in step 4 expires (or when location measurements are avail able before
expiry), the UE sends one or more L PP Provide L ocation | nformation messages containing the requested
location measurements or location estimate obtained in step 7 to the E-SMLC.

7.2 General LPPa Procedures for UE Positioning

7.2.1 LPPa Procedures

Positioning and data acquisition transactions between an E-SMLC and eNodeB are modelled by using procedures of the
LPPa protocol. There are two types of LPPa procedures:

- UE associated procedure, i.e. transfer of information for a particular UE (e.g. positioning measurements)

- Non UE associated procedure, i.e. transfer of information applicable to the eNodeB and associated TPs (e.g.
eNB/TP timing differences)

Parallel transactions between the same E-SMLC and eNodeB are supported; i.e. apair of E-SMLC and eNodeB may
have more than one instance of an L PPa procedure in execution at the same time.

For possible extensibility, the protocol is considered to operate between a generic "access node" (e.g. eNodeB) and a
"server" (e.g. E-SMLC). A procedure is only initiated by the server.

Access Node Server
- 1. LPPa Procedural Request
2. LPPa Procedural Response g
————————— N. LPPa Procedural Response (end transaction)- — — — — — —

Figure 7.2.1-1: A single LPPa transaction

Figure 7.2.1.1-1 shows a single L PPa transaction. The transaction is terminated in step 2 in the case of anon UE
associated procedure. For a UE associated procedure to gather information concerning the access node, additional
responses may be allowed (e.g. sending of updated information periodically and/or whenever there is some significant
change). In this case, the transaction may be ended after some additional responses. In the LPPa protocol, the described
transaction may be realized by the execution of one procedure defined as a request and a response, followed by one or
several procedures initiated by the eNB (each procedure defined as a single message) to realize the additional responses.
The Correlation ID provided by the MME in the LCS-AP PDU encapsulating the LPPa PDU may be used by the E-
SMLC to identify the target UE positioning session.

7.2.2 LPPa transaction types

7221 Location information transfer

The term "location information" applies both to an actual position estimate and to values used in computing position
(e.g., radio measurements or positioning measurements). It is delivered in response to a request.
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eNode B Server
.- —————— 1. LPPa Message: Location information request— — — — — — — —
2. LPPa Message: Location information >
——————————— 3. LPPa Message: Location information— — ————— — — |

Figure 7.2.2-1: Location information transfer

1. Theserver sends arequest for location related information to the eNodeB, and indicates the type of location
information needed and associated Qo0S. The request may refer to a particular UE.

2. Inresponseto step 1, the eNodeB transfers location related information to the server. The location related
information transferred should match the location related information requested in step 1.

3. If requested in step 1, the eNodeB may transfer additional location related information to the server in one or
more additional L PPa messages when the positioning method is E-CID.

7.3 Service Layer Support using combined LPP and LPPa
Procedures

Asdescribed in TS 23.271 [ 2], UE-positioning-related services can be instigated from the EPC in the case of an NI-LR
or MT-LR location service, or from the UE in the case of an MO-LR location service. The complete sequence of
operationsin the EPC isdefined in TS 23.271 [2]. This clause defines the overall sequences of operations that occur in
the E-SMLC, E-UTRAN and UE as aresult of the EPC operations.

Some flows in this scenario apply only in particular situations (e.g., only when the UE isin connected mode). The

lower-layer details of such cases are not shown in the diagrams; for instance, the process of paging a UE to bring it to
connected mode from idleis not explicitly indicated in these diagrams.

7.3.1 NI-LR and MT-LR Service Support

Figure 7.3.1-1 shows the sequence of operations for an NI-LR or MT-LR location service, starting at the point where
the MME initiates the service in the E-SMLC.

[ue | [ens] YVE E-SMLC

1. Locatign Request (QoS)

2.|LPP Transactions(s)

3. LPPa Transactions(s)

4. Location Res}ronse (Location Esti;tate)

Figure 7.3.1-1: UE Positioning Operations to support an MT-LR or NI-LR

1. The MME sends alocation request to the E-SMLC for atarget UE and may include associated QoS.

2. The E-SMLC may obtain location related information from the UE and/or from the serving eNode B. In the
former case, the E-SMLC instigates one or more L PP procedures to transfer UE positioning capabilities, provide
assistance data to the UE and/or obtain location information from the UE. The UE may also instigate one or
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more L PP procedures after the first LPP message is received from the E-SMLC (e.g., to request assistance data
from the E-SMLC).

3. If the E-SMLC needslocation related information for the UE from the eNode B, the E-SML C instigates one or
more L PPa procedures. Step 3 is not necessarily serialised with step 2; if the E-SMLC and eNode B have the
information to determine what procedures need to take place for the location service, step 3 could precede or
overlap with step 2.

4. The E-SMLC returns alocation response to the MME with any location estimate obtained as a result of steps 2
and 3.

7.3.2 MO-LR Service Support

Figure 7.3.2-1 shows the sequence of operations for an MO-LR service, starting at the point where an LCS Client in the
UE or the user has requested some location service (e.g., retrieval of the UE's |ocation or transfer of the UE's location to
athird party).

[uE | eNB MME E-SMLC
>

1. MO-LR Request (LPP PDU)

>
2. Location Request (LPP PDU)

3. LPP Procedure(s)

4. LPPa Progedure(s)

5. Location Response

6. Transfer to Third
Paftry :

<

7. MO-LR Regponse

Figure 7.3.2-1: UE Positioning Operations to support an MO-LR

1. TheUE sendsaNASIevel MO-LR location service request message to the MME. The MO-LR location service
request message may carry an LPP PDU to instigate one or more L PP procedures to transfer capabilities, request
assistance data and/or transfer location information (e.g. location measurements).

2. The MME sends alocation request to the E-SMLC and includes any LPP PDU received in step 1.

3. The E-SMLC may obtain location related information from the UE and/or from the serving eNode B. In the
former case or if an immediate response is needed to any L PP procedure instigated by the UE instep 1 (e.g., a
reguest for assistance data), the E-SMLC instigates one or more LPP procedures to transfer UE positioning
capabilities, provide assistance data to the UE and/or obtain location information from the UE. The UE may also
instigate further L PP procedures after the first LPP message is received from the E-SMLC (e.g., to request
assistance data or to request further assistance data).

4. If the E-SMLC needs location related information for the UE from the eNode B, the E-SMLC instigates one or
more L PPa procedures. Step 4 may also precede step 3 or occur in parallel withiit.

5. The E-SMLC returns alocation response to the MME with any location estimate obtained as a result of steps 3
and 4.
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6. If the UE requested location transfer to athird party the MME transfers the location received from the E-SMLC
in step 5 to the third party as defined in TS 23.271 [2].

7. The MME sendsaNAS level MO-LR location service response message to the UE.

7.4 General SLmAP Procedures for UE Positioning

7.4.1 SLMAP Procedures

SLmAP includes positioning procedures, such as:

- Measurement request
- Measurement Update

- Measurement Abort

7411 Measurement request

The measurement request procedure is used by the E-SMLC to obtain timing measurement for a particular target UE
froman LMU.

E-SMLC LMU

1. SLmAP Measurement Request: -

a— 2.  SLMAP Measurement Response (measurements)

Figure 7.4.1-1: Measurement request

1. The E-SMLC sends a measurement request to the LMU. The measurement request identifies the UE to be
positioned and contains the data (including SRS transmission configuration) needed to obtain the measurements.

2. Inresponseto step 1, the LMU transfers UL RTOA measurements to the E-SMLC.

7.4.1.2 Measurement Update

The Measurement Update procedure is used by the E-SMLC to inform the LMU of a change in the UE SRS
transmission configuration during an ongoing SLMAP measurement reporting transaction.
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Figure 7.4.1.2-1: Measurement update

1. An SLmAP Measurement reporting transaction is ongoing between the E-SMLC and LMU.

2. The E-SMLC determines that the SRS transmission configuration data previously sent to the LMU is no longer
valid. The E-SMLC sends a Measurement Update to the LMU containing the new SRS transmission
configuration data. The E-SMLC shall not send a Measurement Update after receiving a Measurement Response
fromthe LMU.

3. The LMU continues UL RTOA measurements using the updated SRS configuration.

7.4.1.3 Measurement Abort

The measurement abort procedure is used by the E-SMLC to abort an ongoing SLmAP measurement reporting
transaction.

ir 2. SLmAP Measurement abort

Figure 7.4.1.3-1: Measurement abort

1. An SLmAP Measurement reporting transaction is ongoing between the E-SMLC and LMU.

2. The E-SMLC determines that the transaction should be aborted (e.g. due to UE detach or inter-MME handover).
The E-SMLC sends a measurement abort to the LMU and the ongoing SLmAP Measurement reporting
transaction is abandoned. The E-SMLC shall not send a Measurement Abort after receiving a Measurement
response from the LMU.
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7.5 Service Layer Support using combined SLmAP and LPPa
Procedures

7.5.1 NI-LR and MT-LR Service Support

Figure 7.5.1-1 shows the sequence of operations for an NI-LR and MT-LR, starting at the point where the MME
initiates the service in the E-SMLC.

eNB LMU MME E-SMLC

1. Locatign Request (QoS)

2. LPPa Transactiong(s)

3. SLmAP Prgcedure(s)

<
4. Location ResTonse (Location Estimjte)

Figure 7.5.1-1: UE Positioning Operations to support NI-LR or MT-LR

1. The MME sends alocation request to the E-SMLC for atarget UE and may include associated QoS.
2. The E-SMLC obtains target UE configuration information from the serving eNode B.

3. If the E-SMLC needs measurement results for the UE from multiple LMUSs, the E-SMLC instigates SLmAP
procedures to each LMU.

4. The E-SMLC returns alocation response to the MME with any location estimate obtained as aresult of steps 2
and 3.

7.5.2 MO-LR Service Support

Figure 7.5.2-1 shows the sequence of operations for an MO-LR service, starting at the point where an LCS Client in the
UE or the user has requested some location service (e.g., retrieval of the UE's |ocation or transfer of the UE's location to
athird party).
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2. Loc.ation Request
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The UE sendsaNAS level MO-LR reguest to the MME.
The MME sends a location request to the E-SMLC.

Figure 7.5.2-1: UE Positioning Operations to support an MO-LR

The E-SMLC obtains target UE configuration information from the serving eNode B.

If the E-SMLC needs measurement results for the UE from multiple LMUs, the E-SMLC instigates SLmAP
procedures to each LMU.

The E-SMLC returns alocation response to the MME with any location estimate obtained as aresult of steps 2
If the UE requested location transfer to athird party LCS Client, the MME transfers the location received from
the E-SMLC in step 5 to the third party as defined in TS 23.271 [2].

The MME sendsaNAS level MO-LR response to the UE carrying any location estimate.

Procedures for Broadcast of Assistance Data

Positioning assistance data can be included in positioning System Information Blocks (posSIBs) as described in TS
36.331 [14] and TS 36.355 [25]. The posSIBs are carried in RRC System Information (SI) messages. The mapping of
posSIBs (assistance data) to SI messages is flexibly configurable and provided to the UE in SIB1 (TS 36.331 [14]).

For each assistance data element, a separate posSIB-type is defined in TS 36.355 [25]. Each posSIB may be ciphered by
the E-SMLC using the 128-bit Advanced Encryption Standard (AES) algorithm (with counter mode) as described in TS
36.355 [25], either with the same or different ciphering key. The posSIBs which exceed the maximum size limit defined
in TS 36.331 [14] shall be segmented by the E-SMLC.

7.6.2

Broadcast Procedures

The general procedures for broadcast of positioning assistance data and delivery of ciphering keysto UEsis described
in TS 23.271 [2]. This clause defines the overall sequences of operations that occur in the E-SMLC, E-UTRAN and UE.
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UE eNB MME E-SMLC

1. LPPa Asgistance Information Control

[t
2. RRC System Information

Add

<3. LCS-AP Ciphering Key Data

3a. LCS-AP Ciphering Key >

Data Result
4. LPPa Assistance Information Feedback >
< 5. LPPa Assfstance Information Control
< 6. RRC System Information
et
g
< 7. LPPa Ass|stance Information Control

Figure 7.6.2-1: Procedures to support broadcast of assistance data.

1. The E-SMLC sends an LPPa Assistance Data Information Control message to the eNB with an indication to start
broadcasting assistance information. The message includes one or more System Information groups, where each
group contains the broadcast periodicity and one or more posSIB types together with meta data. Each posSIB
type may be ciphered and/or segmented at the E-SMLC. The meta data may include an indication whether the
posSIB type in the System Information group is ciphered or not, as well as an indication of an applicable GNSS

type.

2. The eNB includes the received System Information groups in RRC System Information M essages and
corresponding scheduling information in SIB1 as described in [12]. The UE applies the system information
acquisition procedure according to [12] for acquiring the assistance data information that is broadcasted.

3. If the posSIB types were ciphered by the E-SMLC, the E-SMLC provides the used ciphering keys, together with
avalidity time and validity areafor each key, to the MME using an LCS-AP Ciphering Key Data message
described in TS 29.171 [27]. The MME returns a LCS-AP Ciphering Key Data Result message back to the E-
SMLC indicating whether the MME was able to successfully store the ciphering data sets. The MME may then
distribute successfully stored ciphering keys and their validity times and validity areas to suitably subscribed
UEs using a mobility management message as described in TS 23.271 [2]. The E-SMLC repeats this procedure
whenever a ciphering key changes.

4. At any time after Step 1, the eNB may send a L PPa Assistance Information Feedback message to the E-SMLC
providing feedback on assistance information broadcasting. The message may include an assistance information
failurelist indicating that certain posSIB types could not be configured for broadcasting by the eNB.

5. If the assistance information in a System Information group changes, the E-SMLC provides updated information
in aLPPa Assistance Information Control message.

6. TheeNB replaces the previously stored System Information groups with the new information received at Step 5
and includes the new System Information groups in RRC System Information M essages.
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7. If the E-SMLC wants to abort the broadcast of a System Information Group, it sends a L PPa Assistance
Information Control message to the eNB including an indication to stop broadcasting the assistance information.

8 Positioning methods and Supporting Procedures

8.1 GNSS positioning methods

8.1.1 General

A navigation satellite system provides autonomous geo-spatial positioning with either global or regional coverage.
Augmentation systems, such as SBAS, are navigation satellite systems that provide regional coverage to augment the
navigation systems with global coverage.

By definition, GNSS refersto satellite constellations that achieve global coverage, however, in 3GPP specifications the
term GNSS is used to encompass global, regional, and augmentation satellite systems. The following GNSSs are
supported in this version of the specification:

- GPSand its modernization [6], [ 7], [8]; (global coverage)
- Gadlileo[9]; (globa coverage)
- GLONASS[10]; (globa coverage)

- Satellite Based Augmentation Systems (SBAS), including WAAS, EGNOS, MSAS, and GAGAN [12]; (regional
coverage)

- Quasi-Zenith Satellite System (QZSS) [11]; (regional coverage)
- BeiDou Navigation Satellite System (BDS) [28], [34], [37], [38], [42]; (global coverage)
- NAVigation with Indian Constellation (NavIC) [35], [41]. (regional coverage)

Each global GNSS can be used individually or in combination with others, including regional navigation systems and
augmentation systems. When used in combination, the effective number of navigation satellite signals would be
increased:

- extrasatellites can improve availability (of satellites at a particular location) and results in an improved ability to
work in areas where satellite signals can be obscured, such asin urban canyons;

- extrasatellites and signals can improve reliability, i.e., with extra measurements the data redundancy is
increased, which helps identify any measurement outlier problems;

- extrasatellites and signals can improve accuracy due to improved measurement geometry and improved ranging
signals from modernized satellites.

When GNSS is designed to inter-work with the E-UTRAN, the network assists the UE GNSS receiver to improve the
performance in several respects. These performance improvements will:

- reduce the UE GNSS start-up and acquisition times; the search window can be limited and the measurements
speed up significantly;

- increase the UE GNSS sensitivity; positioning assistance messages are obtained via E-UTRAN so the UE GNSS
receiver can operate also in low SNR situations when it is unable to demodulate GNSS satellite signals;

- dlow the UE to consume less handset power than with stand-alone GNSS; thisis due to rapid start-up times as
the GNSS receiver can be in idle mode when it is not needed;

- alow the UE to compute its position with a better accuracy; RTK corrections (for N-RTK) and GNSS physical
models (for SSR/PPP) are obtained via E-UTRAN so the UE can use these assi stance data, together with its own
measurements, i.e., code and carrier phase measurements, to enable computation of a position with a high
accuracy;
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- dlow the UE to determine and report the integrity results of the calculated location; the UE can use the integrity
requirements and assi stance data obtained via E-UTRAN, together with its own measurements, to determine the
integrity results of the calculated location.

The network-assisted GNSS methods rely on signalling between UE GNSS receivers (possibly with reduced
complexity) and a continuously operating GNSS reference receiver network, which has clear sky visibility of the same
GNSS constellation as the assisted UES. Two assisted modes are supported:

- UE-Assisted: The UE performs GNSS measurements (pseudo-ranges, pseudo Doppler, carrier phase ranges, etc.)
and sends these measurements to the E-SM L C where the position calcul ation takes place, possibly using
additional measurements from other (non GNSS) sources;

- UE-Based: The UE performs GNSS measurements and cal culates its own position location, possibly using
additional measurements from other (non GNSS) sources and assistance data from the E-SMLC.

The assistance data content may vary depending on whether the UE operatesin UE-Assisted or UE-Based mode.
The assistance data signalled to the UE can be broadly classified into:

- data assisting the measurements: e.g. reference time, visible satellite list, satellite signal Doppler, code phase,
Doppler and code phase search windows,

- data providing means for position calculation: e.g. reference time, reference position, satellite ephemeris, code
and carrier phase measurements from a GNSS reference receiver or network of receivers,

- dataincreasing the position accuracy: e.g. satellite code biases, satellite orbit corrections, satellite clock
corrections, atmospheric models. RTK residuals, gradients;

- datafacilitating the integrity results determination of the calculated location.

A UE with GNSS measurement capability may also operate in an autonomous (standalone) mode. In autonomous mode
the UE determines its position based on signals received from GNSS without assistance from the network.

8.1.1a Integrity Principle of Operation

For integrity operation, the network will ensure that:
P(Error > Bound for longer than TTA | NOT DNU) <= Residual Risk + IRallocation (Equation 8.1.1a-1)
for all values of IRallocation in the range irMinimum <= |Rallocation <= irMaximum

for all the errorsin Table 8.1.2.1b-1, which have corresponding integrity assistance data available and where the
corresponding DNU flag(s) are set to false.

The integrity risk probability is decomposed into a constant Residual Risk component provided in the assistance data as
well as avariable |Rallocation component that corresponds to the contribution from the Bound according to the Bound
formulain Equation 8.1.1a-2. IRallocation may be chosen freely by the client based on the desired Bound, therefore the
network should ensure that Equation 8.1.1a-1 holds for all possible choices of IRallocation. The Residual Risk and

I Rallocation components may be mapped to fault and fault-free cases respectively, but the implementation is free to
choose any other decomposition of the integrity risk probability into these two components.

The validity time of the integrity boundsis set as equal to twice the SSR Update Interval for the given SSR Assistance
Data message, i.e. the time period between the SSR Epoch Time and the SSR Epoch Time plus twice the SSR Update
Interval in the GPS time scale.

Equation 8.1.1a-1 holds for all assistance data that has been issued that is still within its validity period. If this condition
cannot be met then the corresponding DNU flag must be set.

Equation 8.1.1a-1 holds at any epochs for which Assistance Datais provided. Providing Assistance Data without the
Integrity Service Alert IE or Real Time Integrity |IEsisinterpreted asa DNU=FALSE condition. For any bound that is
il valid (within its validity time), the network ensures that the Integrity Service Alert and/or Real Time Integrity |ES
are also included in the provided Assistance Data if needed to satisfy the condition in Equation 8.1.1a-1. It isup to the
implementation how to handle epochs for which integrity results are desired but there are no DNU flag(s) available, e.g.
the Time To Alert (TTA) may be set such that there is a"grace period" to receive the next set of DNU flags.
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Only those satellites for which the GNSS integrity assistance data are provided are monitored by the network and can be
used for integrity related applications.

Where:

Time-to-Alert (TTA): The maximum allowable elapsed time from when the Error exceeds the Bound until a DNU
flag must be issued.

Error: Error isthe difference between the true value of a GNSS parameter (e.g. ionosphere, troposphere etc.), and
its value as estimated and provided in the corresponding assistance data as per Table 8.1.2.1b-1

Bound: Integrity Bounds provide the statistical distribution of the residual errors associated with the GNSS
positioning corrections (e.g. RTK, SSR etc). Integrity bounds are used to statistically bound the residua errors after
the positioning corrections have been applied. The bound is computed according to the Bound formula defined in
Equation 8.1.1a-2. The bound formula describes a bounding model including a mean and standard deviation (e.g.
paired over-bounding Gaussian). The bound may be scaled by multiplying the standard deviation by aK factor
corresponding to an IRallocation, for any desired IRallocation within the permitted range.

Bound for a particular error is computed according to the following formula:

Bound = mean + K * stdDev (Equation 8.1.1a-2)
K = normlnv(l Rucion / 2)
irMinimum <= 1 Rucuien <= irMaximum

where; mean: mean value for this specific error, as per Table 8.1.2.1b-1
stdDev: standard deviation for this specific error, as per Table 8.1.2.1b-1

DNU: The DNU flag(s) corresponding to a particular error as per Table 8.1.2.1b-1. Where multiple DNU flags are
specified, the DNU condition in Equation 8.1.1a-1 is present when any of the flags are true (logical OR of the flags).

Residual Risk: The residual risk isthe component of the integrity risk provided in the assistance data as per Table
8.1.2.1b-1. This may correspond to the fault case risk but the implementation is permitted to allocate this component
in any way that satisfies Equation 8.1.1a-1.

The Residual Risk isthe Probability of Onset which is defined per unit of time and represents the probability that the
feared event begins. Each Residual Risk is accompanied by a Mean Duration which represents the expected mean
duration of the corresponding feared event and is used to convert the Probability of Onset to a probability that the
feared event is present at any giventime, i.e.

P(Feared Event is Present) = Mean Duration * Probability of Onset of Feared Event (Equation 8.1.1a-3)

irMinimum, irMaximum: Minimum and maximum allowable values of IRallocation that may be chosen by the
client. Provided as service parameters from the Network according to Integrity Service Parameters.

Correlation Times: The minimum time interval beyond which two sets of GNSS assistance data parameters for a
given error can be considered to be independent from one another.
8.1.2 Information to be transferred between E-UTRAN Elements

This clause defines the information (e.g., assistance data, measurement data) that may be transferred between E-
UTRAN elements.

8.1.2.1 Information that may be transferred from the E-SMLC to UE

Table 8.1.2.1-1 lists assistance data for both UE-assisted and UE-based modes that may be sent from the E-SMLC to
the UE.

NOTE: The provision of these assistance data el ements and the usage of these elements by the UE depend on the
E-UTRAN and UE capabilities, respectively.

ETSI



3GPP TS 36.305 version 19.0.0 Release 19 a7 ETSI TS 136 305 V19.0.0 (2025-10)

Table 8.1.2.1-1: Information that may be transferred from the E-SMLC to UE

Assistance Data
Reference Time
Reference Location
lonospheric Models
Earth Orientation Parameters
GNSS-GNSS Time Offsets
Differential GNSS Corrections
Ephemeris and Clock Models
Real-Time Integrity
Data Bit Assistance
Acquisition Assistance
Almanac
UTC Models
RTK Reference Station Information
RTK Aucxiliary Station Data
RTK Observations
RTK Common Observation Information
GLONASS RTK Bias Information
RTK MAC Correction Differences
RTK Residuals
RTK FKP Gradients
SSR Orbit Corrections
SSR Clock Corrections
SSR Code Bias
SSR Phase Bias
SSR STEC Corrections
SSR Gridded Correction
SSR URA
SSR Correction Points
Integrity Service Parameters
Integrity Alerts
SSR 10D Update
SSR Satellite PCV Residuals

8.1.2.1.1 Reference Time

Reference Time assistance provides the GNSS receiver with coarse or fine GNSS time information. The specific GNSS
system times (e.g., GPS, Galileo, GLONASS, BDS system time) shall be indicated with a GNSS ID.

In case of coarse time assistance only, the Reference Time provides an estimate of the current GNSS system time
(where the specific GNSS isindicated by a GNSS ID). The E-SMLC should achieve an accuracy of +/- 3 seconds for
thistime including allowing for the transmission delay between E-SMLC and UE.

In case of fine time assistance, the Reference Time provides the relation between GNSS system time (where the specific
GNSSisindicated by a GNSS ID) and E-UTRAN air-interface timing.

8.1.2.1.2 Reference Location

Reference Location assistance provides the GNSS receiver with an a priori estimate of its location (e.g., obtained via
Céll-ID, downlink positioning, etc.) together with its uncertainty.

The geodetic reference frame shall be WGS-84, as specified in TS 23.032 [4].

8.1.2.1.3 lonospheric Models

lonospheric Model assistance provides the GNSS receiver with parameters to model the propagation delay of the GNSS
signal s through the ionosphere. lonospheric Model parameters as specified by GPS [6], Galileo [9], QZSS[11], BDS
[28], [34], [37], [38], [42] and NavIC [35], [41] may be provided.
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8.1.2.14 Earth Orientation Parameters

Earth Orientation Parameters (EOP) assistance provides the GNSS receiver with parameters needed to construct the
ECEF-to-ECI coordinate transformation as specified by GPS[6].

8.1.2.1.5 GNSS-GNSS Time Offsets

GNSS-GNSS Time Offsets assistance provides the GNSS receiver with parameters to correlate GNSS time (where the
specific GNSSisindicated by a GNSS-1 D) of one GNSS with other GNSS time (where the specific GNSSis
indicated by a GNSS-2 ID). GNSS-GNSS Time Offsets parameters as specified by GPS [6], Galileo [9], GLONASS
[10], QZSS[11], BDS[28], [34], [37], [38], [42] and NavIC [35], [41] may be provided.

8.1.2.1.6 Differential GNSS Corrections

Differentiadl GNSS Corrections assistance provides the GNSS receiver with pseudo-range and pseudo-range-rate
corrections to reduce biases in GNSS receiver measurements as specified in [13]. The specific GNSS for which the
corrections are vaid isindicated by a GNSS-ID.

8.1.2.1.7 Ephemeris and Clock Models

Ephemeris and Clock Models assistance provides the GNSS receiver with parameters to cal culate the GNSS satellite
position and clock offsets. The various GNSSs use different model parameters and formats, and all parameter formats as
defined by the individual GNSSs are supported by the signalling.

8.1.2.1.8 Real-Time Integrity

Real-Time Integrity assistance provides the GNSS receiver with information about the health status of a GNSS
constellation (where the specific GNSSisindicated by a GNSS ID).

For integrity purposes (as per Clause 8.1.1a), a GNSS satellite and signal combination should be considered as being
marked "Do Not Use" (DNU) if the satellite ID and signal are present in the list of unhealthy (bad) signals.

NOTE: The absence of the Real Time Integrity assistance from any Provide Assistance Data messageis
interpreted as DNU=FALSE for all satellites and signals that are monitored for integrity.

8.1.2.1.9 Data Bit Assistance

Data Bit Assistance provides the GNSS receiver with information about data bits or symbols transmitted by a GNSS
satellite at a certain time (where the specific GNSSisindicated by a GNSS ID). Thisinformation may be used by the
UE for sensitivity assistance (data wipe-off) and time recovery.

8.1.2.1.10 Acquisition Assistance

Acquisition Assistance provides the GNSS receiver with information about visible satellites, reference time, expected
code-phase, expected Doppler, search windows (i.e., code and Doppler uncertainty) and other information of the GNSS
signals (where the specific GNSSisindicated by a GNSS ID) to enable afast acquisition of the GNSS signals.

8.1.2.1.11 Almanac

Almanac assistance provides the GNSS receiver with parameters to cal culate the coarse (long-term) GNSS satellite
position and clock offsets. The various GNSSs use different model parameters and formats, and all parameter formats as
defined by the individual GNSSs are supported by the signalling.

8.1.2.1.12 UTC Models

UTC Models assistance provides the GNSS receiver with parameters needed to relate GNSS system time (where the
specific GNSSisindicated by a GNSS ID) to Universal Coordinated Time. The various GNSSs use different model
parameters and formats, and all parameter formats as defined by the individual GNSSs are supported by the signalling.
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8.1.2.1.13 RTK Reference Station Information

RTK Reference Station Information provides the GNSS receiver with the Earth-Centered, Earth-Fixed (ECEF)
coordinates of the Reference Station”sinstalled antenna’s ARP, and the height of the ARP above the survey monument.
Additionally, this assistance data provides information about the antenna type installed at the reference site.

NOTE: Withthe MAC N-RTK technique this assistance datais used to provide information regarding the Master
Reference Station (see clause 8.1.2.1a).

8.1.2.1.14 RTK Auxiliary Station Data

RTK Auxiliary Station Data provides the GNSS receiver with the location for al Auxiliary Reference Stations (see
clause 8.1.2.1a) within the assistance data. These values are expressed as relative geodetic coordinates (latitude,
longitude, and height) with respect to a Master Reference Station (see subcaluse 8.1.2.18) and based on the GRS30
ellipsoid. Thistype of assistance datais relevant only with the MAC N-RTK technique [33].

8.1.2.1.15 RTK Observations

RTK Observations provides the GNSS receiver with all primary observables (pseudo-range, phase-range, phase-range
rate (Doppler), and carrier-to-noise ratio) generated at the Reference Station for each GNSS signal. The signa
generation from the reference station isin compliance with [33]: as an example, the phase measurements of different
signals in the same band must be phased aligned. More examples can be found in [33].

The pseudo-range is the distance between the satellite and GNSS receiver antennas, expressed in metres, equivalent to
the difference of the time of reception (expressed in the time frame of the GNSS receiver) and the time of transmission
(expressed in the time frame of the satellite) of a distinct satellite signal.

The phase-range measurement is a measurement of the range between a satellite and receiver expressed in units of
cycles of the carrier frequency. This measurement is more precise than the pseudo-range (of the order of millimetres),
but it is ambiguous by an unknown integer number of wavelengths.

The phase-range rate is the rate at which the phase-range between a satellite and a GNSS receiver changes over a
particular period of time.

The carrier-to-noise ratio is the ratio of the received modulated carrier signal power to the noise power after the GNSS
receiver filters.

NOTE: Withthe MAC N-RTK technique this assistance datais used to provide raw observables recorded at the
Master Reference Station (see clause 8.1.2.14a).

8.1.2.1.16 RTK Common Observation Information

RTK Common Observation Information provides the GNSS receiver with common information applicable to any
GNSS, e.g. clock steering indicator. This assistance data is aways used together GNSS RTK Observations (see clause
8.1.2.1.15).

8.1.2.1.17 GLONASS RTK Bias Information

RTK Bias Information provides the GNSS receiver with information which isintended to compensate for the first-order
inter-frequency phase-range biases introduced by the reference receiver code-phase biases. Thisinformationis
applicable only for GLONASS FDMA signals. In the case that the MAC Network RTK method is used, GLONASS
RTK Bias Information defines the code-phase biases related to the Master Reference Station [33].

8.1.2.1.18 RTK MAC Correction Differences

RTK MAC Correction Differences provides the GNSS receiver with information about ionospheric (dispersive) and
geometric (non-dispersive) corrections generated between a Master Reference Station and its Auxiliary Reference
Stations [33].
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8.1.2.1.19 RTK Residuals

RTK Residuals provides the GNSS receiver with network error models generated for the interpolated corrections
disseminated in Network RTK techniques. With sufficient redundancy in the RTK network, the location server process
can provide an estimate for residual interpolation errors. Such quality estimates may be used by the target UE to
optimize the performance of RTK solutions. The values may be considered by the target UE asa priori estimates only,
with sufficient tracking data available the target UE might be able to judge residual geometric and ionospheric errors
itself. According to [33], RTK Residual error information should be transmitted every 10-60 seconds.

8.1.2.1.20 RTK FKP Gradients

RTK FKP Gradients provides the GNSS receiver with horizontal gradients for the geometric (troposphere and satellite
orbits) and ionospheric signal components in the observation space. According to [33], RTK FKP gradient information
should be typically transmitted every 10-60 seconds.

8.1.2.1.21 SSR Orbit Corrections

SSR Orbit Corrections provides the GNSS receiver with parameters for orbit correctionsin radial, along — track and
cross — track components. These orbit corrections are used to compute a satellite position correction, to be combined
with satellite position calculated from broadcast ephemeris (see clause 8.1.2.1.7).

NOTE 1: The orbit corrections define an offset between the broadcast ephemeris orbit and a satellite antenna
reference point (ARP) to which the other corrections refer. The exact definition of the reference point
along the satellite antenna is implementati on-defined by the Network and use of al corrections together
shall yield a consistent solution.

NOTE 2: The UE should not apply any additional corrections for the Satellite Antenna Phase Center (APC) such as
Phase Center Offset (PCO) or Phase Center Variation (PCV), except when provided by the Network in
which case the UE may optionally apply the additional PCV residuals contained in the SSR Satellite PCV
Residuals correction. The Network may form the SSR corrections (e.g. SSR Phase Bias) to minimise the
magnitude of the SSR Satellite PCV Residuals correction, i.e. for Network implementations that do not
provide this correction or to minimise the impact on the UEs that do not consume this correction.

For integrity purposes, SSR Orbit Corrections also provides the correlation time for orbit error and orbit error rate, and
the mean and standard deviation that bounds the residual Orbit Error and its associated error rate. The SSR Orbit
Corrections a so includes the satellite and constellation residual risks. These residual risks are the aggregate residual
risk for the satellite or constellation Signal in Space including Orbit, Clock, Bias and all other satellite or constellation
feared events, but excluding atmospheric effects.

When applying the integrity bounds as per 8.1.1a, the mean and stdDev must be calculated by projecting the Orbit error
mean and variance along the line-of-sight vector between the satellite and the user, according to the following formula:

stdDevorbit =VR v - I (Equation 8.1.2.1.21-1)
meanorbit = |[RT1]AT|-/JAT + |[RT1]CT|-,UCT + |[RT1]RA|-,URA

where; I: 3-D line of sight vector from the user to the satellite in the WGS-84 ECEF coordinate frame.
R: the rotation matrix from satellite along-track (AT), cross-track (CT) and radial (RA) coordinatesinto
the WGS-84 ECEF coordinate frame. R denotes the transposed matrix.
v: the 3-D Orhit error variance vector expressed in satellite along-track, cross-track and radial
coordinates.
A the Mean Orbit Error vector expressed in satellite along-track, cross-track and radial coordinates.

The vector v is expressed in the SSR Orhit Corrections as the three elements in the Variance Orbit Residual Error
Vector.

8.1.2.1.22 SSR Clock Corrections

SSR Clock Corrections provides the GNSS receiver with parameters to compute the GNSS satellite clock correction
applied to the broadcast satellite clock (see clause 8.1.2.1.7). A polynomial of order 2 describes the clock differences for
acertain time period: clock offset, drift, and drift rate.
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For integrity purposes, SSR Clock Corrections also provides the correlation time for clock error and clock error rate,
and the mean and standard deviation that bounds the residual Clock Error and its associated error rate.

8.1.2.1.23 SSR Code Bias

SSR Code Bias provides the GNSS receiver with the Code Biases that must be added to the pseudo range measurements
of the corresponding code signal to get corrected pseudo ranges. SSR Code Bias contains absolute values, but also
enables the alternative use of Differential Code Biases by setting one of the biasesto zero. A UE can consistently use
signals for which a code bias is transmitted. It is not reliable for a UE to use a signal without retrieving a corresponding
code hias from the assistance data message. For integrity purposes, SSR Code Bias also provides the mean and standard
deviation that bounds the residual Code Bias Error and its associated error rate.

8.1.2.1.24 SSR Phase Bias

SSR Phase Bias provides the GNSS receiver with the GNSS signal phase bias that are added to the carrier phase
measurements of the corresponding signal to get corrected phase ranges. An indicator used to count events when phase
biasis discontinuousis provided. An optional indicator is also provided to indicate whether fixed, widelane fixed or
float PPP-RTK positioning modes are supported on a per signal basis.

NOTE 1: Onthe UE side, phase bias corrections of appropriate type are needed to restore the integer nature of the
phase ambiguities in PPP-RTK. Their absence will affect the quality of the positioning solution and
prevent afast convergence time.

NOTE 2: PPP-RTK Fixed position mode corresponds to the UE fixing the carrier phase ambiguity to an integer
value. The PPP-RTK Widelane Fixed positioning mode corresponds to forming the widelane combination
of carrier phase measurements and fixing the resulting ambiguity as an integer value. In PPP-RTK Float
positioning mode the carrier phase ambiguity is not treated as an integer value.

NOTE 3: The SSR Phase Bias values must be consistent with a satellite yaw angle of zero as per [36].

For integrity purposes, SSR Phase Bias a so provides the mean and standard deviation that bounds the residual Phase
Bias Error and its associated error rate.

8.1.2.1.25 SSR STEC Corrections

SSR STEC Corrections provides the GNSS receiver with the parameters to compute the ionosphere slant delay
correction based on a variable order polynomial on a per satellite basis and applied to the code and phase
measurements.

For integrity purposes, SSR STEC Corrections also provides the ionosphere residual risk parameters, correlation time
for ionosphere range error and range error rate, and the mean and standard deviation that bounds the residual
lonospheric Error and its associated error rate.

8.1.2.1.26 SSR Gridded Correction

SSR Gridded Corrections provides the GNSS receiver with STEC residuals and Troposphere delays at a series of
correction points and expressed as hydrostatic and wet vertical delays.

NOTE: Thefina ionosphere dant delay (STEC) consists of the polynomial part provided in SSR STEC
Correction and the residual part provided in SSR Gridded Corrections.

For integrity purposes, SSR Gridded Corrections also provides the troposphere residual risk parameters, correlation

time for troposphere range error and range error rate, and the mean and standard deviation that bounds the residual
Tropospheric Error and associated its error rate in the Vertical Hydro Static Delay and Vertical Wet Delay components.

8.1.2.1.27 SSR URA

SSR URA provides the receiver with information about the estimated accuracy of the corrections for each satellite.
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8.1.2.1.28 SSR Correction Points

The SSR Correction Points provides alist of correction point coordinates or an array of correction points ("grid") for
which the SSR Gridded Corrections are valid.

8.1.2.1.29 Integrity Service Parameters

Integrity Service Parameters provide the range of Integrity Risk (IR) for which the associated GNSS integrity assistance
datais considered to be valid.

8.1.2.1.30 Integrity Alerts

Integrity Service Alerts provide information on whether the service can be used for integrity. A Do Not Use (DNU) flag
indicates that the corresponding assistance datais not suitable for the purpose of computing integrity. If an Integrity
Service Alert isissued and the DNU flag is false, then the corresponding assistance data may be used for the purpose of
computing integrity. The DNU flags are defined to be applicable to the specified epoch time only.

8.1.2.1.31 SSR 10D Update

SSR 10D Update is used to link assistance data el ements based on their I ssue of Data (I0D) values, especially for
elements which are infrequently updated. The elements with amatching 10D are linked and valid while the SSR 10D
Update element isvalid, i.e. during the SSR 10D Update and SSR Update Interval and with respect to the IOD SSR.

NOTE: Itisup tothe network to ensure that the Update Interval of the SSR 10D Update and the other SSR
assistance data elements are configured so as to prevent inconsistent data being used together, i.e. that
when the |OD values within the SSR 10D Update change, it does not cause an inconsistency with existing
datathat is still within its Update Interval, or the change occurs on a boundary where the other assistance
data are expiring.

8.1.2.1.32 SSR Satellite PCV Residuals

SSR Satellite Phase Center Variation (PCV) Residuals provide only the nadir angle dependent variations of the satellite
APC which can be combined with SSR Orbit Correction and SSR Phase Bias to determine the location of the effective
center of the satellite antenna. SSR Satellite PCV Residuals may include residual PCO errors that have not been
corrected in the SSR Orbit Correction and SSR Phase Bias.

8.1.2.1a Recommendations for grouping of assistance data to support different RTK
service levels

This clause provides recommendations for the different high-accuracy GNSS service levels: RTK, N-RTK, PPP and
PPP-RTK.

The high-accuracy GNSS methods can be classified as:

- Snglebase RTK service: RTK isatechnique that uses carrier-based ranging measurementsi.e., phase-range to
improve the positioning accuracy in a differential approach. The basic concept is to reduce and remove errors
common to a Reference Station, with known position, and UE pair. When only pseudo ranges (code-based
measurements) are used to compute the UE location, this method is known as DGNSS (Differential GNSS).

Table 8.1.2.1a-1: Single base RTK service: Specific information that may be transferred from the E-
SMLC to the UE

Assistance Data
RTK Reference Station Information
RTK Observations
RTK Common Observation Information
GLONASS RTK Bias Information (if
GLONASS data is transmitted)
Ephemeris and Clock (if UE did not
acquire the navigation message)
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Non-Physical Reference Station Network RTK service: In this approach the target UE receives synthetic
observations from afictitious Reference Station. The Network RTK software at the location server is performing
the error estimation and creates a virtual Reference Station close to theinitial location of the target device
(provided a priori to the location server). The target UE interprets and uses the data just asif it had come from a
single, real Reference Station. Additionally, the target UE can also receive network information such as RTK
Network Residuals (see clause 8.1.2.1.19) or even FKP gradients (see clause 8.1.2.1.20).

Table 8.1.2.1a-2: Non-Physical Reference Station Network RTK service: Specific information that may

be transferred from the E-SMLC to the UE

Assistance Data
RTK Reference Station Information
RTK Observations
RTK Common Observation Information
GLONASS RTK Bias Information (if
GLONASS data is transmitted)
RTK Residuals
RTK FKP Gradients
Ephemeris and Clock (if UE did not
acquire the navigation message)

MAC Network RTK service: In MAC network RTK, a group of Reference Stations are used and one of them is
chosen as a Master station. The other stations are then called Auxiliary stations. In this service, the location
server sends full raw observations and coordinate information for a single Reference Station, the Master Station.
For al Auxiliary stationsin the network (or a suitable subset of stations) theinformation is provided to the UE in
ahighly compact form: their reduced ambiguity-levelled observations, coordinate differences (to the Master
Station observations and coordinates), and network residuals. Two Reference Stations are said to be on a
common ambiguity level if the integer ambiguities for each phase range (satellite-receiver pair) have been
removed (or adjusted) so that the integer ambiguities cancel when double-differences (involving two receivers
and two satellites) are formed during processing. The maintenance of a common ambiguity level at a specific set
of stations rather than across the whole GNSS network will lead to a grouping in network clusters or
subnetworks of all ambiguity-levelled Reference Stations. If one network has only one subnetwork, thisindicates
that an ambiguity level throughout the whole network is established. When subnetworks are predefined, the
assistance data can be broadcast to all UEs located in the assigned sub-network. More details on the usage of
subnetworks can be found in [33].

Table 8.1.2.1a-3: MAC Network RTK service: Specific Information that may be transferred from the E-

SMLC to the UE

Assistance Data
RTK Reference Station Information
RTK Auxiliary Station Data
RTK Observations
RTK Common Observation Information
GLONASS RTK Bias Information (if
GLONASS data is transmitted)
RTK MAC Correction Differences
RTK Residuals
Ephemeris and Clock (if UE did not
acquire the navigation message)

FKP Network RTK service: With the concept of FKP, horizontal gradients of distance-dependent errors like
ionosphere, troposphere and orbits are derived from a network of GNSS Reference Stations and transmitted to a
target device together with raw or correction data of a corresponding Reference Station (physical or non-
physical). Thetarget UE may use the gradients to compute the effect of the distance-dependent errors for its own
position.
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Table 8.1.2.1a-4: FKP Network RTK service: Information that may be transferred from the E-SMLC to

the UE

Assistance Data

RTK Reference Station Information

RTK Observations

RTK Common Observation Information

GLONASS RTK Bias Information (if
GLONASS data is transmitted)

RTK Residuals

RTK FKP Gradients

Ephemeris and Clock (if UE did not
acquire the navigation message)

- PPP service: This concept uses precise satellite orbit and clock parameters derived from global networks of
Reference Stations as well as atmospheric models to perform single station positioning [33]. Compared to RTK
and Network RTK, PPP is not a differential technique as there is no baseline limitation. When the orbits and
clocks assistance data elements are provided in real-time, with no latency, the method is called Real-Time PPP.

Table 8.1.2.1a-5: SSR PPP service: Information that may be transferred from the E-SMLC to the UE

Assistance Data

SSR Orbit Corrections

SSR Clock corrections

SSR Code Bias

Ephemeris and Clock (if UE did not
acquire the navigation message)

SSR 10D Update

SSR Satellite PCV Residuals

- PPP-RTK service: This concept uses precise satellite orbits and clock parameters, the satellite signal biases
derived from global networks of Reference Stations as well as ionosphere and troposphere corrections to perform
single station positioning [36]. Therefore, PPP-RTK services compensate the global and local correctionsfor a
more accurate location information. Compared to PPP, PPP-RTK requires the UE to be located within the region
covered by the ionosphere and troposphere corrections.

Table 8.1.2.1a-6: SSR PPP-RTK service: Information that may be transferred from the E-SMLC to the

8.1.2.1b

UE

Assistance Data

SSR Orbit Corrections

SSR Clock corrections

SSR Code Bias

Ephemeris and Clock (if UE did not
acquire the navigation message)

SSR Phase Bias

SSR STEC Corrections

SSR Gridded Correction

SSR URA

SSR Correction Points

SSR 10D Update

SSR Satellite PCV Residuals

Mapping of integrity parameters

Table 8.1.2.1b-1 shows the mapping between the integrity fields and the SSR assistance data according to the Integrity
Principle of Operation (Clause 8.1.18). The corresponding field descriptions for each of the field names|listed in Table
8.1.2.1b-1 are specified under Clause 6.5.2.2 of TS 37.355 [39].
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Error GNSS Integrity Fields
Assistanc
e Data Integrity Integrity Integrity Residual Integrity
Alerts Bounds (Mean) Bounds Risks Correlation
(StdDev) Times
Orbit SSR Orbit Real-Time Mean Orbit Error Variance Orbit Probability of Orbit Range Error
Corrections Integrity Mean Orbit Rate Error Onset of Correlation Time
Error Variance Orbit Constellation
(see Clause (Calculated Rate Error Fault Orbit Range Rate
8.1.2.1.8) according to (Calculated Error Correlation
Equation according to Probability of Time
8.1.2.1.21-1) Equation Onset of
8.1.2.1.21-1) Satellite Fault
Clock SSR Clock Mean Clock Error Standard Mean Clock Range Error
Corrections Deviation Clock Constellation Correlation Time
Error Fault Duration
Standard . Clock Range Rate
Deviation Clock | Mean Satellite Error Correlation
Rate Error Fault Duration Time
Code Bias SSR Code Mean Code Bias Standard
Bias Error Deviation Code
Bias Error
Mean Code Bias
Rate Error Standard
Deviation Code
Bias Rate Error
Phase Bias SSR Phase Mean Phase Bias Standard
Bias Error Deviation Phase
Bias Error
SSR Mean Phase Bias
Satellite Rate Error Standard
PCV Deviation Phase
Residuals Bias Rate Error
lonosphere SSR STEC lonosphere Mean lonospherre Standard Probability of lonosphere Range
Correction DNU Error Deviation Onset of Error Correlation
lonosphere Error lonosphere Time
Mean lonospherre Fault lonosphere Range
Rate Error Standard Rate Error
Deviation Mean Correlation Time
lonosphere Rate lonosphere
Error Fault Duration
Troposphere SSR Troposphere | Mean Troposphere Standard Probability of Troposphere Range
Vertical Gridded DNU Vertical Hydro Deviation Onset of Error Correlation
Hydro Static | Corrections Static Delay Error Troposphere Troposphere Time
Delay Vertical Hydro Fault
Mean Troposphere | Static Delay Error Troposphere Range
Vertical Hydro Mean Rate Error
Static Delay Rate Standard Troposphere Correlation Time
Error Deviation Fault Duration
Troposphere
Vertical Hydro
Static Delay Rate
Error
Troposphere Mean Troposphere Standard
Vertical Vertical Wet Delay Deviation
WetDelay Error Troposphere
Vertical Wet Delay
Mean Troposphere Error
Vertical Wet Delay
Rate Error Standard
Deviation
Troposphere
Vertical Wet Delay
Rate Error
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8.1.2.2 Information that may be transferred from the UE to the E-SMLC

The information that may be signalled from the UE to the E-SMLC islisted in table 8.1.2.2-1.

Table 8.1.2.2-1: Information that may be transferred from the UE to the E-SMLC

Information UE-assisted | UE-based/
standalone
Latitude/Longitude/Altitude, together with uncertainty shape | No Yes
Velocity, together with uncertainty shape No Yes
Reference Time, possibly together with GNSS-E-UTRAN Yes Yes
time association and uncertainty
Indication of used positioning methods in the fix No Yes
Code phase measurements, also called pseudorange Yes No
Doppler measurements Yes No
Carrier phase measurements, also called Accumulated Yes No
Delta Range (ADR)
Carrier-to-noise ratio of the received signal Yes No
Measurement quality parameters for each measurement Yes No
Additional, non-GNSS related measurement information Yes No
8.1.2.2.1 GNSS Measurement Information

The GNSS measurement information reported from the UE to the E-SML C depends on the GNSS mode (i.e., UE-based,
autonomous (standalone), or UE-assisted).

8.1.2.2.1.1 UE-based mode

In UE-based or standalone mode, the GNSS receiver reports the latitude, longitude and possibly altitude, together with
an estimate of the location uncertainty, if available.

If requested by the E-SML C and supported by the UE, the GNSS receiver may report its velocity, possibly together
with an estimate of the uncertainty, if available.

If requested by the E-SML C and supported by the UE, the GNSS receiver may report the relation between GNSS
system time (where the specific GNSSisindicated by a GNSS ID; the specific GNSS system time may be selected by
the UE) and E-UTRAN air-interface timing. This information may be used by the E-SMLC to assist other UEsin the
network.

The UE should also report an indication of which GNSSs and possibly other location methods have been used to
calculate afix.

8.1.2.2.1.2 UE-assisted mode

In UE-assisted mode, the GNSS receiver reports the Code Phase and Doppler measurements together with associated
guality estimates. These measurements enable the E-SMLC to calculate the location of the UE, possibly using other
measurements and data.

If requested by the E-SML C and supported by the UE, the GNSS receiver may report Carrier Phase measurements (also
called Accumulated Delta Range), together with associated quality measurements, if available.

If requested by the E-SMLC and supported by the UE, the GNSS receiver may report the relation between GNSS
system time (where the specific GNSS is indicated by a GNSS ID; the specific GNSS system time may be selected by
the UE) and E-UTRAN air-interface timing. This information may be used by the E-SMLC to assist other UEsin the
network.
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8.1.2.2.2 Additional Non-GNSS Related Information

Additional non-GNSS measurements performed by E-UTRAN or UE may be used by the E-SMLC or UE to calculate
or verify alocation estimate. Thisinformation may include downlink positioning measurements, path loss and signal
strength related measurements, etc.

8.1.3  Assisted-GNSS Positioning Procedures

8.1.3.1 Capability Transfer Procedure

The Capability Transfer procedure for Assisted-GNSS positioning is described in clause 7.1.2.1.

8.1.3.1.1 Void

8.1.3.2 Assistance Data Transfer Procedure

The purpose of this procedure is to enable the E-SMLC to provide assistance data to the UE (e.g., as part of a
positioning procedure) and the UE to request assistance data from the E-SMLC (e.g., as part of a positioning procedure
or for autonomous self location (i.e., UE determines its own location)). In the case of high-accuracy GNSS positioning
techniques (e.g., RTK), the E-SMLC can provide unsolicited periodic assistance data to the UE and the UE can request
periodic assistance data from the E-SMLC.

8.1.3.2.1 E-SMLC initiated Assistance Data Delivery

Figure 8.1.3.2.1-1 shows the Assistance Data Delivery operations for the network-assisted GNSS method when the
procedure isinitiated by the E-SMLC.

UE E-SMLC

o |. LPP Provide Az=izstance Data

Figure 8.1.3.2.1-1: E-SMLC-initiated Assistance Data Delivery Procedure

(1) The E-SMLC determines that assistance data needs to be provided to the UE (e.g., as part of a positioning
procedure) and sends an L PP Provide Assistance Data message to the UE. This message may include any of the
GNSS assistance data defined in clause 8.1.2.1.

8.1.3.2.1a E-SMLC initiated Periodic Assistance Data Delivery

The Periodic Assistance Data Delivery procedure allows the server to provide unsolicited periodic assistance datato the
target and is shown in Figure 8.1.3.2.1a-1.

NOTE: Inthisversion of the specification, periodic assistance data delivery is supported for HA GNSS (e.g.,
RTK) positioning only.
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Figure 8.1.3.2.1a-1: LPP Periodic Assistance data delivery procedure

(1) The E-SMLC determines that assistance data needs to be provided to the UE and sends an L PP Provide
Assistance Data message to the UE. This message includes information to identify the type of periodic assistance
data and a duration for ending the assistance data delivery.

(2) When the first periodic message is available, the E-SMLC sends an unsolicited L PP Provide Assistance Data
message to the UE containing the periodic assistance data announced in step (1).

(3) The server may continue to send further L PP Provide Assistance Data messages to the target containing the
periodic assistance data announced in step (1) when each additional periodicity condition occurs. When the
duration for ending the periodic assistance data transfer occurs, the last LPP Provide Assistance Data message
transferred indicates the end of transaction. Additionally, the session can be ended on request by the UE or by
the E-SMLC with the help of an Abort message.

8.1.3.2.2 UE initiated Assistance Data Transfer

Figure 8.1.3.2.2-1 shows the Assistance Data Transfer operations for the network-assisted GNSS method when the
procedure isinitiated by the UE.

UE E-SMLC

1. LFF Reguest Assistance Data —i]

paf——, LF'F Provide Assistance Data ————

Figure 8.1.3.2.2-1: UE-initiated Assistance Data Transfer Procedure

(1) The UE determines that certain A-GNSS assistance data are desired (e.g., in case the UE requiresits own
location with autonomous self location or as part of a positioning procedure when the E-SMLC provided
assistance data are not sufficient for the UE to fulfill the request) and sends a L PP Request Assistance Data
message to the E-SMLC. This request includes an indication of which specific A-GNSS assistance data are
reguested for each GNSS, possibly together with additional information (e.g., for which GNSS signal types, or
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satellites, or times the assistance is requested, etc.). Additional information concerning the UE's approximate
location and serving and neighbour cells may also be provided in the Request Assistance Data message and/or in
an accompanying Provide Location Information message to help the E-SML C provide appropriate assistance
data. This additional data may include the UE's last known location if available, the cell IDs of the UE serving
eNodeB and possibly neighbour eNodeBs, as well as E-CID measurements.

(2) The E-SMLC provides the requested assistance data in a LPP Provide Assistance Data message, if available at
the E-SMLC. The entire set of assistance data may be delivered in one or several L PP messages, e.g., one
message per GNSS. In this case, this step may be repeated by the E-SMLC several times. If any of the UE
reguested assistance datain step (1) are not provided in step 2, the UE shall assume that the requested assistance
data are not supported, or currently not available at the E-SMLC. If none of the UE requested assistance datain
step (1) can be provided by the E-SMLC, return any information that can be provided in an L PP message of type
Provide Assistance Data which includes a cause indication for the not provided assistance data.

8.1.3.2.2a UE initiated Periodic Assistance Data Transfer

Figure 8.1.3.2.2a-1 shows the Periodic Assistance Data Transfer operations for the high-accuracy GNSS methods (e.g.,
RTK) when the procedure isinitiated by the UE.

NOTE: Inthisversion of the specification, periodic assistance data transfer is supported for HA GNSS (e.g.,
RTK) positioning only.

UE E-SMLC

1. LPP Request Assistance Data -

LONIBSURL]
[0

—— 2, LPP Provide Assistance Data

tf————— 3 LPP Provide Assistance Data

UOLIBSUE)]|
E1EQ

- ———— 4, LPP Provide Assistance Data = ~——————————=—

Figure 8.1.3.2.2a-1: UE-initiated Periodic Assistance Data Transfer Procedure

(1) The UE determines that certain periodic A-GNSS assistance data, specific to one or more RTK-service levels,
are desired and sends a L PP Request Assistance Data message to the E-SMLC. This request includes an
indication of which specific A-GNSS assistance data are requested for each GNSS. Additional information like
desired periodicity for sending the assistance data and a duration for ending the periodic session shall aso be
provided in the LPP Request Assistance Data message.

(2) The E-SMLC responds with a LPP Provide Assistance Data message to the UE. If the UE reguest can be
supported, the message contains information which may confirm or redefine the type of assistance data or
periodicity parameters requested at step (1). This response indicates the end of the control transaction.

(3) When available, the E-SMLC provides unsolicited the requested assistance datain a L PP Provide Assistance
Data message to the UE. If any of the requested assistance datain step (1) or redefined in step (2) are not
provided in step (3), the UE shall assume that the requested assistance data are not supported, or currently not
available at the E-SMLC.

(4) The E-SMLC may transmit one or more additional L PP Provide Assistance Data messages to the UE containing
further periodic assistance data confirmed or redefined in step (2). When the duration for ending the periodic
assistance data transfer occur, the last L PP Provide Assistance Data message transferred indicates the end of the
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transaction. Additionally, the session can be ended on request by the UE or by the E-SMLC with the help of an
Abort message.
8.1.3.3 Location Information Transfer Procedure

The purpose of this procedure is to enable the E-SMLC to request position measurements or location estimate from the
UE, or to enable the UE to provide location measurements to the E-SMLC for position calculation (e.g., in case of basic
self location where the UE requests its own location).

8.1.3.3.1 E-SMLC initiated Location Information Transfer Procedure

Figure 8.1.3.3.1-1 shows the Location Information Transfer operations for the network-assisted GNSS method when the
procedure isinitiated by the E-SMLC.

UE E-SMLC

f——— PP Request Location Information

2. LPP Provide Location Information —_—

Figure 8.1.3.3.1-1: E-SMLC-initiated Location Information Transfer Procedure

(1)The E-SMLC sends a L PP Request Location Information message to the UE for invocation of A-GNSS
positioning. This request includes positioning instructions such as the GNSS mode (UE-assisted, UE-based, UE-
based preferred but UE-assisted allowed, UE-assisted preferred, but UE-based allowed, standalone), positioning
methods (GPS, Galileo, GLONASS, BDS, NavIC, etc. and possibly non-GNSS methods, such as downlink
positioning or E-CID), specific UE measurements requested if any, such as fine time assistance measurements,
velocity, carrier phase, multi-frequency measurements, and quality of service parameters (accuracy, response
time), and possibly integrity requirements.

(2) The UE performs the requested measurements and possibly calculates its own location. The UE may also
determine the integrity results of the calculated location. The UE sends an LPP Provide Location Information
message to the E-SML C before the Response Time provided in step (1) elapsed. If the UE is unable to perform
the requested measurements, or if the Response Time provided in step 1 elapsed before any of the requested
measurements have been obtained, the UE returns any information that can be provided in an L PP message of
type Provide Location Information which includes a cause indication for the not provided location information.

8.1.3.3.2 UE-initiated Location Information Delivery Procedure

Figure 8.1.3.3.2-1 shows the L ocation Information delivery operations for the UE-assisted GNSS method when the
procedure isinitiated by the UE.

ETSI



3GPP TS 36.305 version 19.0.0 Release 19 61 ETSI TS 136 305 V19.0.0 (2025-10)

UE E-SMLC

r— 1. LPP Provade Location [rformati on

Figure 8.1.3.3.2-1: UE-initiated Location Information Delivery Procedure

(1) The UE sends an LPP Provide Location Information message to the E-SMLC. The Provide Location Information
message may include any UE measurements (GNSS pseudo-ranges, carrier phase-ranges, and other
measurements) already available at the UE.

8.2 Downlink positioning method

8.2.1 General

In the downlink positioning method, the UE position is estimated based on measurements taken at the UE of downlink
radio signals from multiple TPs (possibly including PRS-only TPs from a PRS-based TBS), along with knowledge of
the geographical coordinates of the measured TPs and their relative downlink timing.

The specific positioning techniques used to estimate the UE's location from this information are beyond the scope of
this specification.
8.2.2 Transferred information

This clause defines the information that may be transferred between E-SMLC and UE/eNodeB.

8.2.2.1 Assistance Data that may be transferred from the E-SMLC to UE
The following assistance data may be transferred from the E-SMLC to the UE:
- Physical cell IDs (PCls), global cell IDs (GCls),and TP IDs of candidate TPs for measurement;
- Timing relative to the serving (reference) TP of candidate TPs;

- PRS configuration of candidate TPs.

8.2.2.2 Assistance Data that may be transferred from the eNodeB to E-SMLC
The following assistance data may be transferred from the eNodeB to the E-SMLC:

- PCI, GCI, and TP IDs of the TPs served by the eNodeB;

- Timing information of TPs served by the eNodeB;

- PRS configuration of the TPs served by the eNodeB;

- Geographical coordinates of the TPs served by the eNodeB.

An eNodeB may provide assistance data relating only to itself and served TPs via L PPa signalling, although assistance
data from several eNodeBs and served TPs may be acquired through other mechanisms, see NOTE below.

NOTE: The assistance data described in this clause are not necessarily transferred only from the eNodeB, and in
some deployment options may not be delivered from the eNodeB at all; they may also be delivered to the
E-SMLC through OA&M or other mechanisms external to the E-UTRAN. In addition, in cases where
assistance data are delivered from the eNodeB, how the eNodeB acquires the data is outside the scope of
this specification.

ETSI



3GPP TS 36.305 version 19.0.0 Release 19 62 ETSI TS 136 305 V19.0.0 (2025-10)

8.2.2.3 Location Information that may be transferred from the UE to E-SMLC

The information that may be signalled from UE to the E-SMLC islisted in Table 8.2.2.3-1. The individual UE
measurements are defined in TS 36.214 [20].

Table 8.2.2.3-1: Information that may be transferred from UE to the E-SMLC

Information Measurements
Downlink Measurement Results List for Physical cell IDs
EUTRA Global cell IDs
TP IDs

Downlink timing measurements
Information used to compute a reference Delta SFN for each neighbour cell
time corresponding to the downlink timing
measurements to allow correlation of
downlink timing measurements with
motion information independently
obtained from motion sensors

8.2.3 Downlink Positioning Procedures

The procedures described in this clause support downlink positioning measurements obtained by the UE and provided
to the E-SMLC using LPP, or obtained by the eNode B and provided to the E-SMLC using LPPa.

In this version of the specification only the UE-assisted downlink positioning is supported.

8.2.3.1 Capability Transfer Procedure

The Capability Transfer procedure for Downlink positioning is described in clause 7.1.2.1.

8.2.3.1.1 Void
8.2.3.2 Assistance Data Transfer Procedure
8.2.3.2.1 Assistance Data Transfer between E-SMLC and UE

The purpose of this procedure is to enable the E-SMLC to provide assistance datato the UE (e.g., as part of a
positioning procedure) and the UE to request assistance data from the E-SMLC (e.g., as part of a positioning procedure
or for autonomous self location (i.e., UE determines its own location)).

8.2.3.21.1 E-SMLC-initiated assistance data delivery

Figure 8.2.3.2.1.1-1 shows the Assistance Data Delivery operations for the downlink positioning method when the
procedure isinitiated by the E-SMLC.

UE E-SMLC

1. LPP Provide Az=iztance Data

Figure 8.2.3.2.1.1-1: E-SMLC-initiated Assistance Data Delivery Procedure
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(1) The E-SMLC determines that assistance data needs to be provided to the UE (e.g., as part of a positioning
procedure) and sends an LPP Provide Assistance Data message to the UE. This message may include any of the
downlink positioning assistance data defined in clause 8.2.2.1.

8.2.3.2.1.2 UE-initiated assistance data transfer

Figure 8.2.3.2.1.2-1 shows the Assistance Data Transfer operations for the downlink positioning method when the
procedure isinitiated by the UE.

UE E-SMLC

1. LPP Reguest Assistance Data —

afp———2. LPP Provide Assistance Data

Figure 8.2.3.2.1.2-1: UE-initiated Assistance Data Transfer Procedure

(1) The UE determines that certain downlink positioning assistance data are desired (e.g., in case the UE requiresits
own location with autonomous self location, or as part of a positioning procedure when the E-SML C-provided
assistance data are not sufficient for the UE to fulfill the request) and sends an L PP Request Assistance Data
message to the E-SMLC. This request includes an indication of which specific downlink assistance data are
requested. Additional information concerning the UE's approximate |ocation and serving and neighbour cells
may a so be provided in the Request Assistance Data message and/or in an accompanying Provide Location
Information message to help the E-SMLC provide appropriate assistance data. This additional data may include
the UE's last known location if available, the cell IDs of the UE serving eNodeB and possibly neighbour
eNodeBs, as well as E-CID measurements.

(2) The E-SMLC provides the requested assistance in an L PP Provide Assistance Data message, if available at the
E-SMLC. If any of the UE requested assistance datain step (1) are not provided in step 2, the UE shall assume
that the requested assistance data are not supported, or currently not available at the E-SMLC. If none of the UE
requested assistance datain step (1) can be provided by the E-SMLC, return any information that can be
provided in an LPP message of type Provide Assistance Data which includes a cause indication for the not
provided assistance data.

8.2.3.2.2 Assistance Data Delivery between E-SMLC and eNodeB
The purpose of this procedure is to enable the eNodeB to provide assistance data to the E-SMLC, for subsequent

delivery to the UE using the procedures of clause 8.2.3.2.1 or for use in the calculation of positioning estimates at the E-
SMLC.

8.23.221 Void

8.2.3.2.2.2 E-SMLC-initiated assistance data delivery to the E-SMLC

Figure 8.2.3.2.2.2-1 shows the Assistance Data Delivery operation from the eNodeB to the E-SMLC for the downlink
positioning method, in the case that the procedure is initiated by the E-SMLC.
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eNode B E-SMLC

LPPa Message(Type: OTDOA INFORMATION
(1) < REQUEST)

LPPa Message(Type: OTDOA INFORMATION RESPONSE/
@ FAILURE)

L

Figure 8.2.3.2.2.2-1: E-SMLC-initiated Assistance Data Delivery Procedure

(1) The E-SMLC determines that certain downlink positioning assistance data are desired (e.g., as part of aperiodic
update or as triggered by OAM) and sends an LPPa OTDOA INFORMATION REQUEST message to the
eNode B. This request includes an indication of which specific downlink assistance data are requested.

(2) The eNode B provides the requested assistance in an LPPaOTDOA INFORMATION RESPONSE message, if
available at the eNode B. If the eNode B is not able to provide any information, it returns an OTDOA
INFORMATION FAILURE message indicating the cause of the failure.

8.2.3.3 Location Information Transfer Procedure

The purpose of this procedure is to enable the E-SMLC to request position measurements from the UE, or to enable the
UE to provide location measurements to the E-SMLC for position calculation (e.g., in case of basic self location where
the UE requests its own location).

8.2.3.3.1 E-SMLC-initiated Location Information Transfer

Figure 8.2.3.3.1-1 shows the L ocation Information Transfer operations for the downlink positioning method when the
procedure isinitiated by the E-SMLC.

UE E-SMLC

———1 PP Request Location Information

2 LPP Frovide Location Information e

Figure 8.2.3.3.1-1: E-SMLC-initiated Location Information Transfer Procedure

(1) The E-SMLC sends an LPP Request Location Information message to the UE. This request includes indication
of downlink measurements requested, including any needed measurement configuration information, and
required response time.

(2) The UE obtains downlink measurements as requested in step 1. The UE then sends an LPP Provide Location
Information message to the E-SMLC, before the Response Time provided in step (1) elapsed, and includes the
obtained downlink measurements. If the UE is unable to perform the requested measurements, or the Response
Time elapsed before any of the requested measurements were obtained, the UE returns any information that can
be provided in an LPP message of type Provide Location Information which includes a cause indication for the
not provided location information.

8.2.3.3.2 UE-initiated Location Information Delivery procedure

Figure 8.2.3.3.2-1 shows the L ocation Information Delivery procedure operations for the downlink positioning method
when the procedure isinitiated by the UE.
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UE E-SMLC

1. LPP Provide L ocation Information

Figure 8.2.3.3.2-1: UE-initiated Location Information Delivery Procedure.

(1) The UE sends an LPP Provide Location Information message to the E-SMLC. The Provide Location Information
message may include any UE downlink measurements aready available at the UE.

8.3 Enhanced cell ID positioning methods

8.3.1 General

In the Cell 1D (CID)-based method, the UE position is estimated with the knowledge of the geographical coordinates of
its serving eNodeB. 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. For E-UTRAN access, these
measurements may include [20, 21]:

UE measurements (TS 36.214 [20], TS 36.302 [21]):
- Reference signal received power (RSRP);
- Reference Signal Received Quality (RSRQ);
- UE Rx—Tx time difference;
- GERAN RSSI;
-  UTRAN CPICH RSCP,
- UTRAN CPICH Ec/lo;
- WLAN RSSI.
E-UTRAN measurements (TS 36.214 [20], TS 36.302 [21]):
- eNB Rx—Tx timedifference
- Timing Advance (Tapv):
- Typel: Tapv = (NB Rx — Tx time difference) + (UE Rx — Tx time difference)
- Type2: Tapv = eNB Rx — Tx time difference;
- Angleof Arriva (AoA).
Various techniques exist to use these measurements to estimate the location of the UE. The specific techniques are
beyond the scope of this specification.
8.3.2 Information to be transferred between E-UTRAN Elements

This clause defines the information (e.g., measurement data) that may be transferred between E-UTRAN elements.

8.3.2.1 Information that may be transferred from the E-SMLC to UE

UE-assisted Enhanced Cell-1D location does not require any assistance datato be transferred from the E-SMLC to the
UE.
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UE-Based Enhanced Cell-1D location is hot supported in this version of the specification.

8.3.2.2 Information that may be transferred from the UE to E-SMLC
The information that may be signalled from UE to the E-SMLC islisted in table 8.3.2.2-1.

Table 8.3.2.2-1: Information that may be transferred from UE to the E-SMLC

Information UE-assisted
Evolved Cell Global Identifier (ECGI)/Physical Cell ID Yes
Reference signal received power (RSRP) Yes
Reference Signal Received Quality (RSRQ) Yes
UE Rx — Tx time difference Yes
8.3.2.3 Information that may be transferred from the eNodeB to E-SMLC

The information that may be signalled from eNodeB to the E-SMLC islisted in table 8.3.2.3-1.

Table 8.3.2.3-1: Information that may be transferred from eNB to the E-SMLC

Information

Timing Advance (Tapbv)
Angle of Arrival (AoA)
E-UTRA Measurement Results List:
- Evolved Cell Global Identifier (ECGI)/Physical Cell ID
- Reference signal received power (RSRP)
- Reference Signal Received Quality (RSRQ)
GERAN Measurement Results List:
- Base Station Identity Code (BSIC)
- ARFCN of Base Station Control Channel (BCCH)
- Received Signal Strength Indicator (RSSI)
UTRA Measurement Results List:
- UTRAN Physical ID
- Common Pilot Channel Received Signal Code Power
(RSCP)
- Common Pilot Channel Ec/lo
WLAN Measurement Results List:
- WLAN Received Signal Strength Indicator (RSSI)
- SSID
- BSSID
- HESSID
- Operating Class
- Country Code
- WLAN Channel(s)
- WLAN Band

8.3.3 Downlink E-CID Positioning Procedures

The procedures described in this clause support E-CID related measurements obtained by the UE and provided to the E-
SMLC using LPP. Theterm "downlink™ is intended to indicate that from the E-SMLC perspective the involved
measurements are provided by the UE; this set of procedures might also be considered as "UE-assisted, E-SM L C-based
E-CID".

8.3.3.1 Capability Transfer Procedure

The Capability Transfer procedure for E-CID positioning is described in clause 7.1.2.1.
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8.3.3.1.1 Void

8.3.3.2 Assistance Data Delivery Procedure

Assistance data delivery is not required for UE- or eNB-assisted forms of E-CID positioning.

8.3.3.3 Location Information Transfer Procedure

The purpose of this procedure is to enable the E-SMLC to request position measurements from the UE, or to enable the
UE to provide location measurements to the E-SMLC for position calculation (e.g., in case of basic self location where
the UE requests its own location).

8.3.3.3.1 E-SMLC-initiated Location Information Transfer

Figure 8.3.3.3.1-1 shows the L ocation Information Transfer operations for the E-CID method when the procedure is
initiated by the E-SMLC.

UE E-SMLC

f——1 | PP Request Location Information

2 PP Pravide Location Information —_—

Figure 8.3.3.3.1-1: E-SMLC-initiated Location Information Transfer Procedure.

(1) The E-SMLC sends a L PP Request Location Information message to the UE for invocation of E-CID
positioning. This request includes the E-CID measurements requested by the E-SMLC and supported by the UE
aslisted in Table 8.3.2.2-1 together with arequired response time.

(2) The UE sends an LPP Provide Location Information message to the E-SML C and reports the requested
measurements that are available in the UE before the Response Time provided in step (1) elapsed. If the
requested measurements are not available, or if the Response Time provided in step 1 elapsed before any of the
requested measurements have been obtained, the UE returns any information that can be provided in an LPP
message of type Provide Location Information which includes a cause indication for the not provided location
information.

8.3.3.3.2 UE-initiated Location Information Delivery procedure

Figure 8.3.3.3.2-1 shows the L ocation Information Delivery procedure operations for the E-CID method when the
procedure isinitiated by the UE.
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UE E-5MLC

—_— 1. LPP Provide Location Informati on

Figure 8.3.3.3.2-1: UE-initiated Location Information Delivery Procedure.

(1) The UE sends an LPP Provide Location Information message to the E-SMLC. The Provide Location Information
message may include any UE measurements already available at the UE.

8.3.4 Uplink E-CID Positioning Procedures

The procedures described in this clause support E-CID related measurements obtained by the eNodeB and provided to
the E-SMLC using LPPa. The term "uplink" isintended to indicate that from the E-SMLC point of view, the involved
measurements are provided by the eNodeB; this set of procedures might also be considered as "eNB-assisted E-CID".
An example of this uplink E-CID positioning method is AOA+T apv.

NOTE: Uplink E-CID positioning not using Tapv type 1 does not require L CS support in the UE and therefore,
works also with legacy UESs (assuming that any involved measurements delivered in RRC are supported
by the legacy UES).

8.34.1 Position Capability Transfer Procedure
The position capability transfer procedure is not applicable to uplink E-CID positioning not using Tapv type 1. For

uplink E-CID positioning using Tapv type 1, the Capability Transfer procedure for E-CID positioning is described in
clause 7.1.2.1.

8.3.4.2 Assistance Data Delivery Procedure

The assistance data delivery procedure is not applicable to uplink E-CID positioning.

8.34.3 Position Measurement Procedure

The purpose of this procedure is to enable the E-SML C to request position measurements from the eNodeB.

8.3.4.3.1 E-SMLC-initiated Position Measurement

Figure 8.3.4.3.1-1 shows the Position Measurement operations for the uplink E-CID method when the procedure is
initiated by the E-SMLC.
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Figure 8.3.4.3.1-1: E-SMLC-initiated Position Measurement Procedure
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(1) The E-SMLC sends an LPPa E-CID MEASUREMENT INITIATION REQUEST message to the eNodeB. This
reguest includes indication of E-CID measurements requested and whether the result is expected only once or
periodically.

(2) If the E-SMLC in step (1) requested UE measurements (i.e., RSRP, RSRQ measurements), or if the eNodeB
requires UE measurements associated with the measurements requested by the E-SMLC (e.g., Tapv type 1,
which requires a UE Tx-Rx time difference measurement to be delivered from the UE to the eNodeB), the
eNodeB may configure the UE to report the measurement information requested as specified in TS 36.331 [14].

(3) If the result is expected only once and the eNodeB initiates at |east one of the E-CID measurements as requested,
the eNodeB sends an LPPa E-CID MEASUREMENT INITIATION RESPONSE to the E-SMLC, which
includes the obtained E-CID measurements. If the result is expected periodically and the eNodeB is able to
initiate at least one of the E-CID measurements as requested, the eNodeB sends an LPPa E-CID
MEASUREMENT INITIATION RESPONSE to the E-SMLC, which does not include any result. The eNodeB
reports then the obtained measurements by initiating the E-CID Measurement Report procedure, with the
regquested periodicity. If the eNodeB is unable to initiate any of the requested measurements as requested from
the E-SMLC, or isunableto instigate any of the required RRC procedures to obtain the requested measurements
from the UE, the eNodeB sends an LPPa E-CID MEASUREMENT INITIATION FAILURE message providing
the error reason. If the failure occurs during a periodic reporting, the eNodeB sends an LPPa E-CID
MEASUREMENT FAILURE INDICATION message.

8.4 Downlink Supporting Procedures

8.4.1 General

An E-SMLC isenabled to request downlink location related information from the E-UTRAN in order to support
downlink positioning. LPPais employed for this between the E-SMLC and each eNodeB reachable from the E-SMLC
viaany of the MMEs with signalling access to the E-SMLC.

8.4.2 Location Related Information

The information that may be transferred from an eNodeB to the E-SMLC to support downlink positioning islisted in
table 8.4.2-1.

Table 8.4.2-1: Information that may be transferred from an eNodeB to the E-SMLC for the Downlink
Position Method Support

Information UE-assisted
Global cell IDs (ECGIs) of eNodeB Yes
Physical cell IDs (PCIs) of eNodeB Yes
TP IDs Yes
PRS Scheduling Yes
If synchronized: SFN initialization time of TP relative to time | Yes
reference
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8.4.3 Location Related Information Acquisition Procedure

The purpose of this procedureisto enable an E-SMLC to request downlink location related information from an
eNodeB.

8.43.1 On Demand Procedure

Figure 8.4.3.1-1 shows the location information acquisition operation for the downlink positioning method when
information is needed on demand in real time.

eNB E-SMLC

l«—— 1. LPPa Message (Type: Request Location Information)

2. LPPa Message (Type: Provide Location Information)———»|

Figure 8.4.3.1-1: E-SMLC-initiated On Demand Procedure for Location Information Applicable to
Downlink

(1) The E-SMLC sends an L PPa message of type Request Location Information to the eNodeB. This request
includes an indication of the downlink related information requested.

(2) The eNodeB obtains the information requested in step 1 using previously configured or stored information
and/or real time measurements in the case of arequest for timing information where recent timing information is
not aready available. The eNodeB then sends an L PPa message of type Provide Location Information to the E-
SMLC. If theeNodeB is unable to obtain any of the requested information, the eNodeB sends an LPPafailure
message, providing the error reason.

8.4.3.2 Triggered Procedure

Figure 8.4.3.2-1 shows the location information acquisition operation for the downlink positioning method when
information is needed on atriggered basis.

eNB E-SMLC

-«———— 1. LPPa Message (Type: Request Location Information)

2. LPPaM ge (Type: Provide Location Information)———— |

3. LPPa M ge (Type: Provide Location Information)—————

Figure 8.4.3.2-1: E-SMLC-initiated Triggered Procedure for Location Information Applicable to
Downlink

(1) The E-SMLC sends an L PPa message of type Request Location Information to the eNodeB. This request
includes an indication of the downlink related information requested, triggering criteria for responses (e.g.
periodic timeinterval).

(2) Inresponse to step 1, the eNodeB obtains the information requested using already available information and/or
real time measurements. The eNodeB then sends an L PPa message of type Provide Location Information to the
E-SMLC carrying thisinformation. If the eNodeB is unable to obtain the requested information partly or
completely, the eNodeB sends an L PPa failure message.
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(3) When thetrigger criteria provided in step 1 indicate the need for a new report the eNodeB obtains the latest
information. The eNodeB then sends a further L PPa message of type Provide Location Information to the E-
SMLC containing thisinformation If the eNodeB is unable to obtain the requested information, partly or
completely, the eNodeB sends an L PPa failure message.

8.5 Uplink positioning method

85.1 General

In the uplink positioning method, the UE position is estimated based on timing measurements of uplink radio signals
taken at different LMUs, along with knowledge of the geographical coordinates of the LMUs. The time required for a
signal transmitted by a UE to reach a LMU is proportional to the length of the transmission path between the UE and
the LMU. A set of LMUs istasked to sample the UE signal at the same time.

The specific of any uplink positioning methods or techniques used to estimate the UE's |ocation from these
measurements are beyond the scope of this specification.

In order to obtain uplink measurements, the LMUs need to know the characteristics of the SRS signal transmitted by the
UE for the time period required to calculate uplink measurement. These characteristics should be static over the periodic
transmission of SRS during the uplink measurements. Hence, the E-SMLC will indicate to the serving eNodeB the need
to direct the UE to transmit SRS (see 5.2.2) signalsfor uplink positioning. It is up to the eNodeB to make thefinal decision
on resources to be assigned and to communicate this configuration information back to the E-SMLC so that E-SMLC can
configure the LMUs. The eNB may decide (e.g., in case no resources are available) to configure no resources for the UE
and report the empty resource configuration to the E-SMLC.

8.5.2 Transferred information
This clause defines the information that may be transferred between E-SMLC and eNodeB/LMU.

UTDOA measurements are performed on Sounding Reference Signals (SRS), configured as periodic SRS involving
multiple SRS transmissions.

NOTE: Thetablesin clauses8.5.2.1, 8.5.2.2, and 8.5.2.3 will be updated if needed.

8.5.2.1 Configuration Data that may be transferred from the eNodeB to the E-SMLC

The following configuration data may be transferred from the eNodeB to the E-SMLC:
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Parameter Category

Parameters

General PCI of PCell Noe 1

UL-EARFCN of PCell

Timing advance measurement for the UE in PCell [36.214] Now 3
SRS For each serving cell in which SRS is configured No©2;

- PCI

- UL-EARFCN

- UL cyclic prefix

- UL system bandwidth of the cell

- Cell-specific SRS bandwidth configuration srs-BandwidthConfig [36.211]
- UE-specific SRS bandwidth configuration srs-Bandwidth [36.211]

- number of antenna ports for SRS transmission srs-AntennaPort [36.211]
- frequency domain position [36.211]

- SRS frequency hopping bandwidth configuration [36.211]

- SRS-Cyclic shift [36.211]

- Transmission comb [36.211]

- SRS configuration index [36.213]

- MaxUpPt, used for TDD only [36.211]

- Group-hopping-enabled [36.211]

- deltaSS, parameter AS [36.211, 5.5.1.3], included when SRS sequence
hopping is used [36.211, 5.5.1.4] and not included otherwise

Note 1:  Indicating PCell should not imply configuring SRS on the PCell
Note 2:  Multiple serving cells are possible for a UE configured with CA
Note 3:  Used for search window calculation

8.5.2.2 Configuration Data that may be transferred from the E-SMLC to LMU

The following configuration data may be transferred from the E-SMLC to LMU:

Parameter Category

Parameters

General Search window parameters Not 2;
- expected propagation delay, T, corresponding to distance between LMU
and PCell,
- delay uncertainty A

SRS For each serving cell in which SRS is configured and to be measured by

LMU Notel:

- PCI

- UL-EARFCN

- UL cyclic prefix

- UL system bandwidth of the cell

- Cell-specific SRS bandwidth configuration srs-BandwidthConfig [36.211]
- UE-specific SRS bandwidth configuration srs-Bandwidth [36.211]

- number of antenna ports for SRS transmission srs-AntennaPort [36.211]
- frequency domain position [36.211]

- SRS frequency hopping bandwidth configuration [36.211]

- SRS-Cyclic shift [36.211]

- Transmission comb [36.211]

- SRS configuration index [36.213]

- MaxUpPt, used for TDD only [36.211]

- Group-hopping-enabled [36.211]

- deltaSS, parameter AS [36.211, 5.5.1.3], included when SRS sequence
hopping is used [36.211, 5.5.1.4] and not included otherwise

Note 1:  Multiple serving cells are possible for a UE configured with CA; SRS may be transmitted on the
PCell and/or SCell(s).

Note 2:  Search window is calculated by the LMU as [T-A,T+A], where A may be e.g. the timing
advance measurement provided by eNodeB.
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8.5.2.3 Location Information that may be transferred from the LMU to E-SMLC

The information that may be transferred from LMU to the E-SMLC islisted in Table 8.5.2.3-1. The individual
measurements will be defined in TS 36.214 [20].

Table 8.5.2.3-1: Information that may be transferred from LMU to the E-SMLC

Information Measurements
Uplink Measurement Results List for UL Relative Time of Arrival
EUTRA Physical cell IDs

8.5.3 Uplink Positioning Procedures

The procedures described in this clause support the uplink positioning method.

8.5.3.1 Uplink Information Request and Delivery Procedure

The Information Request procedure for Uplink positioning is used by the E-SMLC to obtain measurement results from
the LMU which it usesto calculate a position for the UE. To do this, it needsto first indicate to the serving eNB the
need to configure the UE to transmit SRS (see 5.2.2) signals and retrieve target UE configuration data from the
eNodeB.

Figure 8.5.3.1-1 shows the messaging between the E-SMLC, the LMU and the serving eNodeB to perform this
procedure.

Serving

E-SMLC eNB1

LMU

™) LPPa PDU ( Information Request)

| eNB determines UE SRS |
| resources |

2 |l LPPa PDU ( Information Response)

A

@) |r eNB configures UE with SRS :
| resources (RRC) I
| E-SMLC selects list of | .
L LMU sites I

____________ 4

SLm (Type: Measurement Request)

\

L SLm ( Type: Measurement Report)

®

Figure 8.5.3.1-1: Uplink information request procedure

1. The E-SMLC sends an Information Reguest message indicating to the eNodeB the need to invoke periodic SRS
(see 5.2.2) for target UE. The E-SMLC may provide the eNB with a number of SRS transmissions. The final
decision of SRS transmissions to be performed and whether to take into account this information is entirely up to
the eNB implementation.
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2. The eNodeB determines the resources to be allocated for the UE and sends an Information Response to the E-
SMLC that includes the all ocated resources and the associated parameters. The eNB may decide (e.g., in case no
resources are available) to configure no resources for the UE and report the empty resource configuration to the
E-SMLC.

3. Ifinstep 2 the eNodeB determines that resources will be allocated, the eNodeB then allocates the resources to
the target UE.

4. The E-SMLC selectsaset of LMUsto be used for the UTDOA positioning and sends a measurement request
with the SRS configuration to each one of them (via SLm).

5. LMUsreport back to E-SML C the uplink measurement reports.

8.5.3.2 Uplink Positioning Information Update Procedure

This procedure is used to notify the E-SMLC of a change to the UE SRS transmission configuration for one or more
cells with respect to a previously sent UTDOA INFORMATION RESPONSE message. If the configured SRS
transmission for the target UE has been modified, or if a handover of the target UE has been triggered, the eNB uses the
Uplink Positioning Information Update procedure to inform the E-SMLC.

eNode B E-SMLC
| f—————————-1LPPaMessage: Information Request —————————-—1 |
: ——————————— LPPa Message: Information Response— - - — — — — — — — > :
——————— 2. LPPa Message: Uplink Positioning Information Update- — — — — —»|

Figure 8.5.3.2-1: Uplink Positioning Information Update Procedure

1. If the SRS configuration changes or if a handover of the target UE has been triggered prior to the expected
completion time of the previoudy communicated SRS configuration, the eNB initiates the Uplink Positioning
Information Update Procedure. In the case of handover, the source eNB sends the update message after deciding
to perform handover execution for the UE.

2. If the UE SRS transmission configuration has changed for one or more cells, the eNB sends an Uplink
Positioning Information Update message to the E-SMLC carrying the UE SRS transmission configuration
information for al cells with SRS configured.

8.6 Barometric pressure sensor positioning methods

8.6.1 General

In the barometric pressure sensor positioning method, the UE vertical component of the position is estimated by
combining the measured atmospheric pressure and a reference atmospheric pressure. Thisis accomplished through
barometric sensors measuring atmospheric pressure at the UE, and applying a height determination algorithm using the
reference atmospheric pressure.

Three positioning modes are supported:

- UE-Assisted: The UE performs barometric pressure sensor measurements with or without assistance from the
network and sends these measurements to the E-SM L C where the vertical component of the position calculation
may take place, possibly using additional measurements from other sources;

- UE-Based: The UE performs barometric pressure sensor measurements and cal cul ates its own vertical
component of the position, possibly using additional measurements from other sources.
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- Sandalone: The UE performs barometric pressure sensor measurements and calculates its own vertical
component of the position, possibly using additional measurements from other sources, without network
assistance.

8.6.2 Information to be transferred between E-UTRAN Elements

This clause defines the information (e.g., assistance data, vertical position and/or measurement data) that may be
transferred between E-UTRAN elements.

8.6.2.1

The information transferred from the UE to the E-SMLC consists of capability information and location measurements
or UE position. The information that may be signalled from the UE to the E-SMLC is summarized in Table 8.6.2.1-1.

Information that may be transferred from the UE to E-SMLC

Table 8.6.2.1-1: Information that may be transferred from UE to the E-SMLC

Information UE-assisted UE-based/
Standalone
UE position estimate with uncertainty shape No Yes
Indication of used positioning methods in the fix No Yes
Timestamp Yes Yes
Barometric pressure sensor measurements Yes No

8.6.2.1.1 Standalone mode

In Standalone mode, the UE reports the vertical component of the position, together with an estimate of the location
uncertainty, if available.

The UE should aso report an indication of which positioning method(s) have been used to calculate afix.

8.6.2.1.2 UE-assisted mode

In UE-assisted mode, the UE reports the barometric pressure sensor measurements together with associated quality
estimates. These measurements enable the E-SMLC to calculate the vertical component of the location of the UE,
possibly using other measurements and data.

If requested by the E-SML C and supported by the UE, the UE may report barometric pressure sensor measurements
together with associated quality measurements, if available.

8.6.2.1.3 UE-based mode

In UE-based mode, the UE reports the vertical component of the position, together with an estimate of the location
uncertainty, if available.

The UE should also report an indication of which positioning method(s) have been used to calculate afix.

8.6.2.2

Table 8.6.2.2-1 lists assistance data for both UE-assisted and UE-based modes that may be sent from the E-SMLC to
the UE.

Information that may be transferred from the E-SMLC to UE

NOTE: The provision of these assistance data el ements and the usage of these elements by the UE depend on the

E-UTRAN and UE capabilities, respectively.

Table 8.6.2.2-1: Information that may be transferred from the E-SMLC to UE

Assistance Data
Reference pressure
Additional reference data
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8.6.2.2.1 Barometric pressure sensor assistance data
The barometric pressure sensor assistance data may include reference pressure, along with other reference data, such as
the reference point where the reference barometric pressure is valid and reference temperature at the reference point.

8.6.3 Barometric Pressure Sensor Location Information Transfer
Procedures
The purpose of this procedure is to enable the E-SMLC to request barometric pressure sensor measurements or position

estimate from the UE, or to enable the UE to provide barometric pressure sensor measurements to the E-SMLC for
position calculation (e.g., in case of basic self-location where the UE requests its own location).

8.6.3.1 E-SMLC initiated Location Information Transfer Procedure

Figure 8.6.3.1-1 shows the Location Information Transfer operations when the procedure is initiated by the E-SMLC.

UE E-SMLC

~¢—1. LPP Request Location Information

2. LPP Provide Location Information e

Figure 8.6.3.1-1: E-SMLC-initiated Location Information Transfer Procedure

(1) The E-SMLC sends a L PP Request Location Information message to the UE for invocation of barometric
pressure sensor positioning. This request includes positioning instructions such as the positioning mode (UE-
assisted, UE-based, standalone), specific requested UE measurements if any, and quality of service parameters
(accuracy, response time).

(2) The UE performs the requested measurements and possibly calculates its own position. The UE sends an LPP
Provide Location Information message to the E-SML C before the Response Time provided in step (1) elapsed. If
the UE is unable to perform the requested measurements, or if the Response Time provided in step 1 elapsed
before any of the requested measurements have been obtained, the UE returns any information that can be
provided in an LPP message of type Provide Location Information which includes a cause indication for the not
provided location information.

8.6.3.2 UE-initiated Location Information Delivery Procedure

Figure 8.6.3.2-1 shows the Location Information delivery operations for the barometric pressure sensor method when
the procedure is initiated by the UE.

UE E-SMLC

1. LPP Provide Location Information =~ ———»

Figure 8.6.3.2-1: UE-initiated Location Information Delivery Procedure
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(1) The UE sends an LPP Provide Location Information message to the E-SMLC. The Provide Location Information
message may include UE barometric pressure sensor measurements or location estimate already available at the
UE.

8.6.3.3 Assistance Data Transfer Procedure

The purpose of this procedure is to enable the E-SMLC to provide assistance data to the UE (e.g., as part of a
positioning procedure) and the UE to request assistance data from the E-SMLC (e.g., as part of a positioning procedure
or for autonomous self location (i.e., UE determines its own location)).

8.6.3.3.1 E-SMLC initiated Assistance Data Delivery

Figure 8.6.3.3.1-1 shows the Assistance Data Delivery operations for the network-assisted barometric pressure sensor
method when the procedure isinitiated by the E-SMLC.

UE E-SMLC

fl———— 1 LFP Provide Assiztance Data

Figure 8.6.3.3.1-1: E-SMLC-initiated Assistance Data Delivery Procedure

(1) The E-SMLC determines that assistance data needs to be provided to the UE (e.g., as part of a positioning
procedure) and sends an L PP Provide Assistance Data message to the UE. This message may include any of the
barometric pressure sensor assistance data defined in clause 8.6.2.2.

8.6.3.3.2 UE initiated Assistance Data Transfer

Figure 8.6.3.3.2-1 shows the Assistance Data Transfer operations for the network-assisted Barometric pressure sensor
method when the procedureisinitiated by the UE.

UE E-SMLC

1. LPP Reguest Azzistance Data —i

o | PP Provide Assistance Dvata

Figure 8.6.3.3.2-1: UE-initiated Assistance Data Transfer Procedure

(1) The UE determines that certain barometric pressure sensor assistance datais desired (e.g., in case the UE
requires its own location with autonomous self location or as part of a positioning procedure when the E-SMLC
provided assistance data are not sufficient for the UE to fulfil the request) and sends a L PP Request Assistance
Data message to the E-SMLC. Thisrequest includes an indication of which specific barometric pressure sensor
assistance datais requested.
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(2) The E-SMLC provides the requested assistance data in a LPP Provide Assistance Data message, if available at
the E-SMLC. The entire set of assistance data may be delivered in one or several LPP messages. In this case, this
step may be repeated by the E-SMLC severa times. If any of the UE requested assistance data in step (1) are not
provided in step 2, the UE shall assume that the requested assistance data are not supported, or currently not
available at the E-SMLC. If none of the UE requested assistance datain step (1) can be provided by the E-
SMLC, return any information that can be provided in an LPP message of type Provide Assistance Data which
includes a cause indication for the not provided assistance data.

8.7 WLAN positioning methods

8.7.1 General

In the WLAN positioning method, the UE position is estimated with the knowledge of geographical coordinate of
reference WLAN access points. Thisis accomplished by collecting a certain amount of measurements from UE's
WLAN receivers, and applying alocation determination a gorithm using databases of the estimated position's references
points.

The UE WLAN measurements may include:

- WLAN Received Signal Strength (RSSI)

- Round Trip Time (RTT) between WLAN Access Point and the UE
Three positioning modes are supported:

- Sandalone
The UE performs WLAN position measurements and location computation, without network assi stance.

- UE-assisted:
The UE provides WLAN position measurements with or without assistance from the network to the E-SMLC for
computation of alocation estimate by the network.

- UE-based:

The UE performs WLAN position measurements and computation of alocation estimate with network
assistance.

8.7.2 Information to be transferred between E-UTRAN Elements

This clause defines the information (e.g., assistance data, position, measurement data) that may be transferred between
E-UTRAN elements.

8.7.2.1 Information that may be transferred from the UE to E-SMLC

The information transferred from the UE to the E-SMLC consists of capability information and location measurements
or UE position. The information that may be signalled from the UE to the E-SMLC is summarized in Table 8.7.2.1-1.
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Table 8.7.2.1-1: Information that may be transferred from the UE to the E-SMLC

Information UE-Assisted UE-based/
Standalone
WLAN Location Information
BSSID Yes No
SSID Yes No
Received Signal Strength (RSSI) Yes No
Round Trip Time (RTT) Yes No
Time Stamp Yes No
Measurement characteristics Yes No
UE Location Information
UE position estimate with uncertainty shape No Yes
Position Time Stamp No Yes
Loca_tlon Source (method(s) used to compute No Yes
location)
8.7.2.1.1 Standalone mode

In Standalone mode, the UE reports the latitude, longitude and possibly atitude, together with an estimate of the
location uncertainty, if available.

The UE should aso report an indication of WLAN method and possibly other positioning methods used to calculate a
fix.
8.7.2.1.2 UE-assisted mode
In UE-assisted mode, the UE should report:
- TheBSSID/SSID of the measured WLAN access points, and associated RSSI or RTT.

8.7.2.1.3 UE-based mode

In UE-based mode, the UE reports the latitude, longitude, and possibly altitude, together with an estimate of the
location uncertainty, if available.

The UE should aso report an indication that WLAN method is used and possibly other positioning methods used to
calculate the fix.

8.7.2.2 Information that may be transferred from the E-SMLC to UE

Table 8.7.2.2-1 lists assistance data for both UE-assisted and UE-based modes that may be sent from the E-SMLC to
the UE.

NOTE: The provision of these assistance data el ements and the usage of these elements by the UE depend on the
E-UTRAN and UE capabilities, respectively.

Table 8.7.2.2-1: Information that may be transferred from the E-SMLC to UE

Assistance Data

WLAN AP List
- BSSID
- SSID
- AP Type Data®
- AP Location
NOTE 1: WLAN AP Type Data may include WLAN Type (e.g.,
802.11a/b/g/n/ac/ad, etc.), transmit power, antenna gain,
coverage area, etc.
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8.7.22.1 WLAN AP BSSID

This assistance data provides the BSSID of the WLAN access point [29].

8.7.2.2.2 WLAN AP SSID

This assistance data provides the SSID of the WLAN access point [29].

8.7.2.2.3 WLAN AP Type Data

This assistance data provides additional information about the access point and may include WLAN Type (e.g.,
802.11alb/g/n/ac/ad, etc.), transmit power, antenna gain, coverage area, etc. [29]

8.7.2.2.4 WLAN AP Location

This assistance data provides the location (possibly including altitude information) of the access point [29].
8.7.3  WLAN Positioning Procedures

8.7.3.1 Location Information Transfer Procedure

The purpose of this procedure isto enable the E-SMLC to request position measurements or location estimate from the
UE, or to enable the UE to provide location measurements to the E-SMLC for position calculation (e.g., in case of basic
self-location where the UE requests its own location).

8.7.3.1.1 E-SMLC initiated Location Information Transfer Procedure

Figure 8.7.3.1.1-1 shows the Location Information Transfer operations for the WLAN method when the procedureis
initiated by the E-SMLC.

UE E-SMLC

1 | PP Request Location Information

2 LPP Fravide Location Information ——p

Figure 8.7.3.1.1-1: E-SMLC-initiated Location Information Transfer Procedure

(1) The E-SMLC sends a L PP Request Location Information message to the UE for invocation of WLAN
positioning. This request includes positioning instructions such as the positioning mode (UE-assisted, UE-based,
Standalone), specific requested UE measurementsiif any, and quality of service parameters (accuracy, response
time).

(2) The UE performs the requested measurements and possibly calculates its own location. The UE sends an LPP
Provide Location Information message to the E-SMLC before the Response Time provided in step (1) elapsed. If
the UE is unable to perform the requested measurements, or if the Response Time provided in step 1 elapsed
before any of the requested measurements have been obtained, the UE returns any information that can be
provided in an LPP message of type Provide Location Information which includes a cause indication for the not
provided location information.
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8.7.3.1.2 UE-initiated Location Information Delivery Procedure

Figure 8.7.3.1.2-1 shows the Location Information delivery operations for the WLAN method when the procedure is
initiated by the UE.

UE E-SMLC

1. LPP Provide Location Information ~ ————

Figure 8.7.3.1.2-1: UE-initiated Location Information Delivery Procedure

(1) The UE sends an LPP Provide Location Information message to the E-SMLC. The Provide Location Information
message may include UE WLAN information or location estimate already available at the UE.

8.7.3.2 Assistance Data Transfer Procedure
The purpose of this procedure is to enable the UE to request assistance datafrom the E-SMLC (e.g., as part of a

positioning procedure or for autonomous self location (i.e., UE determines its own location)) and the E-SMLC to
provide assistance data to the UE (e.g., as part of a positioning procedure).

8.7.3.2.1 UE initiated Assistance Data Transfer

Figure 8.7.3.2.1-1 shows the Assistance Data Transfer operations for the network-assisted WLAN method when the
procedure isinitiated by the UE.

UE E-SMLC

1. LPP Request Assistance Data —

gp—. PP Prowide Assistance Data

Figure 8.7.3.2.1-1: UE-initiated Assistance Data Transfer Procedure

(1) The UE determines that certain WLAN assistance datais desired (e.g., in case the UE requiresits own location
with autonomous self location or as part of a positioning procedure when the E-SMLC provided assistance data
are not sufficient for the UE to fulfil the request) and sends a L PP Request Assistance Data message to the E-
SMLC. Thisreguest includes an indication of which specific WLAN assistance data is requested.

(2) The E-SMLC provides the requested assistance data in a L PP Provide Assistance Data message, if available at
the E-SMLC. The entire set of assistance data may be delivered in one or several LPP messages. In this case, this
step may be repeated by the E-SMLC severa times. If any of the UE requested assistance data in step (1) are not
provided in step 2, the UE shall assume that the requested assistance data are not supported, or currently not
available at the E-SMLC. If none of the UE requested assistance datain step (1) can be provided by the E-
SMLC, return any information that can be provided in an L PP message of type Provide Assistance Data which
includes a cause indication for the not provided assistance data.
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8.8 Bluetooth positioning methods

8.8.1 General

In the Bluetooth positioning method, the UE position is estimated with the knowledge of geographical coordinate of
reference Bluetooth beacons. Thisis accomplished by collecting a certain amount of measurements from UE's
Bluetooth receiver and/or from the receiver of the Bluetooth beacons, and applying alocation determination algorithm
using databases of the estimated position's references points, reference points antenna configuration and orientation.

The UE Bluetooth measurements may include:

- Bluetooth beacon's Received Signal Strength (RSSI).

- Bluetooth beacon's estimated AoD (azimuth and zenith angles).
The Bluetooth beacon measurements may include:

- Bluetooth beacon's estimated AoA (azimuth and zenith angles).
Three positioning modes are supported:

-  Sandalone:
The UE performs Bluetooth position measurements and location computation.

- UE-assisted:
The UE provides Bluetooth position measurements with or without assistance from the network to the E-SMLC
for computation of alocation estimate by the network.

- UE-based:

The UE performs Bluetooth position measurements and computation of alocation estimate with network
assistance.

8.8.2 Information to be transferred between E-UTRAN Elements

This clause defines the information (e.g., position, measurement data, configurations) that may be transferred between
E-UTRAN elements.

8.8.2.1 Information that may be transferred from the UE to E-SMLC

The information transferred from the UE to the E-SMLC consists of capability information and location measurements
or UE position. The information that may be signalled from the UE to the SMLC is summarized in Table 8.8.2.1-1.
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Table 8.8.2.1-1: Information that may be transferred from the UE to the E-SMLC

Information UE-Assisted Standalone
Bluetooth Location Information
MAC Address Yes No
Received Signal Strength (RSSI) Yes No
Time Stamp Yes No
Measurement characteristics Yes No
AoD angles (azimuth and zenith Yes No
UE Location Information
UE position estimate with uncertainty shape No Yes
Position Time Stamp No Yes
Loca_tlon Source (method(s) used to compute No Yes
location)
UE AoA transmission configuration
Address and address type Yes No
Primary and secondary channel advertising Yes No
periodicity
Primary and secondary advertising periodicity Yes No
TX Power Yes No
CTE transmission configuration Yes No

Bluetooth AoA positioning is enabled by the UE transmitting Bluetooth periodic advertising with a CTE, configured by
the following parameters:

- UE advertisement address that can be of three different types - public (MAC address), random-static (static
random number) or random-private-resolvable (regularly updated random number).

- primary channel advertising periodicity, related to the Bluetooth beacon acquisition time of the UE Bluetooth
signal.

- periodic advertising interval on the secondary advertising channel, related to how often the Bluetooth beacons
will be able to estimate AoA of the UE.

- TX power related to how strong the UE Bluetooth signal is received at the Bluetooth beacons.
- CTE length (16 — 160 us) of every CTE transmission.

- CTE repeated transmissions instants (1-16) each transmission instant.

8.8.2.1.1 Standalone mode

In Standalone mode, the UE reports the latitude, longitude and possibly altitude, together with an estimate of the
location uncertainty, if available.

The UE should aso report an indication of Bluetooth method and possibly other location methods have been used to
calculate afix.

8.8.2.1.2 UE-assisted mode
In UE-assisted mode, the UE should either report:
-  The MAC addresses of the measured Bluetooth beacons and one or more of:
- associated RSSI;
- associated AoD, assisted by the positioning server.
or transmit:

- periodic advertisements with CTE to enable Bluetooth beacon AoA estimation.
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8.8.2.1.3 UE-based mode

In UE-based mode using Bluetooth AoD, the UE reports the estimated location coordinates together with an estimate of
the location uncertainty, if available.

The UE should aso report an indication that Bluetooth method is used and possibly other positioning methods used to
calculate the fix.
8.8.2.2 Information that may be transferred from the E-SMLC to UE

Table 8.8.2.2-1 lists Bluetooth transmission parameters that E-SMLC may suggest to the UE to consider for UE-assisted
Bluetooth AoA positioning. E-SMLC may instead only reguest to the UE to provide its Bluetooth transmission
parameters used for UE-assisted Bluetooth AoA positioning.

NOTE 1: The provision of these elements and the usage of these elements by the UE depend on the E-
UTRAN/EPC and UE capabilities, respectively.

Table 8.8.2.2-1: Suggested UE Bluetooth A0A transmission parameters that may be transferred from
E-SMLC to the UE

Information
Transmission configuration (advertising periodicities, PHY type, TX power, CTE
length and repetition)

The AoA transmission configuration is described in more detail in 8.8.2.1.

Table 8.8.2.2-2 lists assistance data for both UE-assisted and UE-based modes that may be sent from the E-SMLC to
the UE to support Bluetooth AoD positioning.

NOTE 2: The provision of these assistance data el ements and the usage of these elements by the UE depend on the
EUTRAN/EPC and UE capabilities, respectively.

Table 8.8.2.2-2: Assistance data that may be transferred from E-SMLC to the UE

Information UE-assisted UE-based
Bluetooth beacon list:

Bluetooth advertising address Yes Yes
Geographical coordinate Yes Yes
Antenna array orientation (LCS to GCS translation) Yes Yes
Antenna array configuration (antenna relative location and polarization) and Yes Yes
antenna switching pattern

Transmission configuration (advertising periodicities, PHY type, CTE type, Yes Yes
length and repetition)

8.8.2.2.1 Bluetooth beacon advertising address

This assistance data provides the Bluetooth advertising address btAddr of the Bluetrooth beacon [40].

8.8.2.2.2 Bluetooth beacon location

This assistance data provides the |ocation of the Bluetooth beacon [40].

8.8.2.2.3 Bluetooth beacon antenna array orientation

This assistance data provides the Bluetooth antenna array orientation of the Bluetooth beacon by parameters bearing,
downtilt and slant for the translation of a Local Coordinate System (LCS) to a Globa Coordinate System (GCS).

8.8.2.24 Bluetooth beacon antenna array configuration and switching pattern

This assistance data provides the Bluetooth antenna array configuration of the Bluetooth beacon, where each the
antenna of the array is characterized by arelative position to an antenna array reference point and a polarization, and the
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antenna switching pattern lists the order antennas are used for transmissions [40]. One generic antenna array and three
parameterized antenna arrays can be defined (linear, rectangular or circular).

8.8.2.2.5 Bluetooth beacon AoD transmission configuration

This assistance data provides the Bluetooth beacon AoD transmission configuration parameters for the primary and
secondary advertising periodicities, Bluetooth PHY type (1 or 2 Msymbol/s), CTE type (1 us or 2 us switching slot
lengths), CTE length (8 to 160 us) and CTE repeated transmission instants (1 - 16).

8.8.3 Bluetooth Positioning Procedures

8.8.3.1 Location Information Transfer Procedure

The purpose of this procedure is to enable the E-SMLC to request position measurements or location estimate from the
UE, or to enable the UE to provide location measurements to the E-SMLC for position calculation (e.g., in case of basic
self-location where the UE requests its own location).

The purpose can also be to enable E-SMLC to request or suggest UE Bluetooth AoA configuration and enable the UE
to provide the Bluetooth AoA configuration it will use to enable Bluetooth beacons to provide AoA measurements to E-
SMLC.

8.8.3.1.1 E-SMLC initiated Location Information Transfer Procedure

Figure 8.8.3.1.1-1 shows the L ocation Information Transfer operations for the Bluetooth method when the procedureis
initiated by the E-SMLC.

UE E-SMLC

—1. LPP Request Location Information

2 PP Provide Location Information —_—

Figure 8.8.3.1.1-1: E-SMLC-initiated Location Information Transfer Procedure

(1) The E-SMLC sends a LPP Request Location Information message to the UE for invocation of Bluetooth
positioning. This request includes positioning instructions such as the positioning mode (UE-assisted,
Standalone), specific requested UE measurementsif any, quality of service parameters (accuracy, response
time), request/suggestion of UE Bluetooth AoA transmission configuration.

(2) The UE performs the requested measurements and possibly calculates its own location. The UE sends an LPP
Provide Location Information message to the E-SMLC before the Response Time provided in step (1) elapsed. If
the UE is unable to perform the requested measurements, or if the Response Time provided in step 1 elapsed
before any of the requested measurements have been obtained, the UE returns any information that can be
provided in an LPP message of type Provide Location Information which includes a cause indication for the not
provided location information.

Alternatively, for AoA, the UE provides Bluetooth AoA transmission configuration that it will usein an LPP
Provide Location Information message to the E-SMLC before the Response Time provided in step (1) elapsed.
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8.8.3.1.2 UE-initiated Location Information Delivery Procedure

Figure 8.8.3.1.2-1 shows the Location Information delivery operations for the Bluetooth method when the procedureis
initiated by the UE.

UE E-SMLC

1. LPP Provide Locafion Inform ation

Figure 8.8.3.1.2-1: UE-initiated Location Information Delivery Procedure

(1) The UE sends an LPP Provide Location Information message to the E-SMLC. The Provide Location Information
message may include UE Bluetooth information or location estimate already available at the UE. For AoA, the
UE provides Bluetooth AoA transmission configuration in a Provide Location Information message that it will
use. Specifically, the UE will trigger such a message when it has changed Bluetooth advertising address — only
applicable for the random-private-resol vable address type.

8.8.3.2 Capability Transfer Procedure

The Capability Transfer procedure for Bluetooth positioning is described in clause 7.1.2.1.

8.8.3.3 Assistance Data Transfer Procedure

The purpose of this procedure is to enable the UE to request Bluetooth AoD assistance data from the E-SMLC (e.g., as
part of a positioning procedure) and the E-SMLC to provide assistance data to the UE (e.g., as part of a positioning
procedure).

8.8.3.3.1 E-SMLC initiated Assistance Data Delivery

Figure 8.8.3.3.1-1 shows the Assistance Data Delivery operations for the network-assisted Bluetooth AoD method when
the procedure is initiated by the E-SMLC.

UE E-SMLC

1. LPP Provide Az=iztance Data

Figure 8.8.3.3.1-1: E-SMLC-initiated Assistance Data Delivery Procedure
(1) The E-SMLC determines that assistance data needs to be provided to the UE (e.g., as part of a positioning

procedure) and sends an L PP Provide Assistance Data message to the UE. This message may include any of the
Bluetooth assistance data defined in clause 8.8.2.2.
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8.8.3.3.2 UE initiated Assistance Data Transfer

Figure 8.8.3.3.2-1 shows the Assistance Data Transfer operations for the network-assisted Bluetooth AoD method when
the procedure is initiated by the UE.

UE E-SMLC

1. LPP Reguest Assistance Data —

" | PP Provide Aszsistance Data

Figure 8.8.3.3.2-1: UE-initiated Assistance Data Transfer Procedure

(1) The UE determines that certain Bluetooth assistance datais desired (e.g., as part of a positioning procedure when
the E-SMLC provided assistance data are not sufficient for the UE to fulfil the request) and sends a L PP Request
Assistance Data message to the E-SMLC. This request includes an indication of which specific Bluetooth
assistance datais requested.

(2) The E-SMLC provides the requested assistance datain a L PP Provide Assistance Data message, if available at
the E-SMLC. The entire set of assistance data may be delivered in one or several LPP messages. In this case, this
step may be repeated by the E-SMLC several times. If any of the UE requested assistance data in step (1) are not
provided in step 2, the UE shall assume that the requested assistance data are not supported, or currently not
available at the E-SMLC. If none of the UE requested assistance datain step (1) can be provided by the E-
SMLC, return any information that can be provided in an L PP message of type Provide Assistance Data which
includes a cause indication for the not provided assistance data.

8.9 TBS positioning methods

89.1 General

Terrestrial Beacon Systems (TBYS) is the standard generic term for a network of ground-based transmitters broadcasting
signals for geo-spatial positioning with wide-area or regiona coverage. The following TBSs are supported in this
version of the specification:

- Metropolitan Beacon Systems (MBS).
NOTE: PRS-based TBSis part of downlink (OTDOA) positioning and described in clause 8.2.
Three positioning modes are supported:

- UE-Assisted: The UE performs TBS measurements with or without assistance from the network, and sends these
measurements to the E-SMLC where the position calculation takes place, possibly using additional
measurements from other (non-TBS) sources,

- UE-Based: The UE performs TBS measurements and calculates its own location, possibly using additional
measurements from other (non-TBS) sources.

- Sandalone: The UE performs TBS measurements and cal cul ates its own location, possibly using additional
measurements from other (non-TBS) sources, without network assistance.

8.9.2 Information to be transferred between E-UTRAN Elements

This clause defines the information (e.g., assistance data, position, measurement data) that may be transferred between
E-UTRAN elements.
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8.9.2.1 Information that may be transferred from the UE to E-SMLC

The information transferred from the UE to the E-SMLC consists of capability information and location measurements
or UE position. The information that may be signalled from the UE to the E-SMLC is summarized in Table 8.9.2.1-1.

Table 8.9.2.1-1: Information that may be transferred from UE to the E-SMLC

Information UE-assisted UE-based/
Standalone
UE position estimate with uncertainty shape No Yes
Timestamp Yes Yes
Indication of used positioning methods in the fix No Yes
TBS measurements (code phase (MBS)) Yes No
Measurement quality parameters for each measurement Yes No
8.9.21.1 Standalone mode

In Standalone mode, the UE reports the latitude, longitude and possibly altitude, together with an estimate of the
location uncertainty, if available.

The UE should also report an indication that TBS method is used and possibly other positioning methods used to
calculate the fix.

8.9.2.1.2 UE-assisted mode

In UE-assisted mode, the UE reports the TBS associated measurements, together with associated quality estimates.
These measurements enable the E-SMLC to calculate the location of the UE, possibly using other measurements and
data.

8.9.2.1.3 UE-based mode

In UE-based mode, the UE reports the latitude and longitude, together with an estimate of the location uncertainty, if
available.

The UE should aso report an indication that TBS method is used and possibly other positioning methods used to
calculate the fix.
8.9.2.2 Information that may be transferred from the E-SMLC to UE

Table 8.9.2.2-1 lists assistance data for both UE-assisted and UE-based modes that may be sent from the E-SMLC to
the UE.

NOTE: The provision of these assistance data elements and the usage of these elements by the UE depend on the
E-UTRAN and UE capabilities, respectively.

Table 8.9.2.2-1: Information that may be transferred from the E-SMLC to UE

Assistance Data
Acquisition assistance
Almanac

8.9.2.2.1 Acquisition Assistance

Acquisition assistance provides the MBS receiver with information about visible beacons, PN Codes, and other
information of the MBS signals to enable afast acquisition of the MBS signals.

8.9.2.2.2 Almanac

Almanac assistance provides the MBS receiver with MBS beacon parameters that can be used to determine the UE
position.
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8.9.3 TBS Positioning Procedures

8.93.1 Location Information Transfer Procedure

The purpose of this procedure is to enable the E-SMLC to request position measurements or location estimate from the
UE, or to enable the UE to provide location measurements to the E-SMLC for position calculation (e.g., in case of basic
self-location where the UE requests its own location).

8.9.3.1.1 E-SMLC initiated Location Information Transfer Procedure

Figure 8.9.3.1.1-1 shows the L ocation Information Transfer operations for the TBS method when the procedure is
initiated by the E-SMLC.

UE E-SMLC

————1 | PP Request Location Infarmation

2 PP Provide Location Information —_—

Figure 8.9.3.1.1-1: E-SMLC-initiated Location Information Transfer Procedure

(1) The E-SMLC sends a L PP Request Location Information message to the UE for invocation of TBS positioning.
This request includes positioning instructions such as the positioning mode (UE-assisted, UE-based, Standalone),
specific requested UE measurements if any, and quality of service parameters (accuracy, response time).

(2) The UE performs the requested measurements and possibly calculates its own location. The UE sends an LPP
Provide Location Information message to the E-SMLC before the Response Time provided in step (1) elapsed. If
the UE is unable to perform the requested measurements, or if the Response Time provided in step 1 elapsed
before any of the requested measurements have been obtained, the UE returns any information that can be
provided in an LPP message of type Provide Location I nformation which includes a cause indication for the not
provided location information.

8.9.3.1.2 UE-initiated Location Information Delivery Procedure

Figure 8.9.3.1.2-1 shows the L ocation Information delivery operations for the TBS method when the procedure is
initiated by the UE.

UE E-SMLC

e 1. LPP Provide Location Informati on

Figure 8.9.3.1.2-1: UE-initiated Location Information Delivery Procedure

(1) The UE sends an LPP Provide Location Information message to the E-SMLC. The Provide Location Information
message may include UE TBS measurements or location estimate already available at the UE.
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8.9.3.2 Assistance Data Transfer Procedure

The purpose of this procedure is to enable the E-SMLC to provide assistance datato the UE (e.g., as part of a
positioning procedure) and the UE to request assistance data from the E-SMLC (e.g., as part of a positioning procedure
or for autonomous self location (i.e., UE determines its own location)).

8.9.3.2.1 E-SMLC initiated Assistance Data Delivery

Figure 8.9.3.2.1-1 shows the Assistance Data Delivery operations for the network-assisted TBS method when the
procedure isinitiated by the E-SMLC.

UE E-SMLC

etlf}——— 1. LFF Provide Azsistance Data

Figure 8.9.3.2.1-1: E-SMLC-initiated Assistance Data Delivery Procedure

(1) The E-SMLC determines that assistance data needs to be provided to the UE (e.g., as part of a positioning
procedure) and sends an L PP Provide Assistance Data message to the UE. This message may include any of the
TBS assistance data defined in clause 8.9.2.2.

8.9.3.2.2 UE initiated Assistance Data Transfer

Figure 8.9.3.2.2-1 shows the Assistance Data Transfer operations for the network-assisted TBS method when the
procedure isinitiated by the UE.

UE E-SMLC

1. LPP Reguest As=iztance Data —

" LPP Prowvide Az=iztance Data

Figure 8.9.3.2.2-1: UE-initiated Assistance Data Transfer Procedure

(1) The UE determines that certain TBS assistance datais desired (e.g., in case the UE requires its own location with
autonomous self location or as part of a positioning procedure when the E-SMLC provided assistance data are
not sufficient for the UE to fulfil the request) and sends a L PP Request Assistance Data message to the E-SMLC.
This request includes an indication of which specific TBS assistance data is requested.

(2) The E-SMLC provides the requested assistance datain a L PP Provide Assistance Data message, if available at
the E-SMLC. The entire set of assistance data may be delivered in one or several LPP messages. In this case, this
step may be repeated by the E-SMLC several times. If any of the UE requested assistance data in step (1) are not
provided in step 2, the UE shall assume that the requested assistance data are not supported, or currently not
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available at the E-SMLC. If none of the UE requested assistance datain step (1) can be provided by the E-
SMLC, return any information that can be provided in an L PP message of type Provide Assistance Data which
includes a cause indication for the not provided assistance data.

8.10  Motion sensor positioning method

8.10.1 General

Motion sensors can be used to estimate the location of the UE. With the combination of other positioning methods
(hybrid) a more accurate position of the UE can be computed. UE using one or more motion sensors provides the
movement information. The movement information comprises displacement results estimated at an ordered series of
points.

The positioning modes supported are UE-Assisted, UE-Based, and Standalone.

8.10.2 Information to be transferred between E-UTRAN Elements

This clause defines the information (e.g., assistance data, position and/or measurement data) that may be transferred
between E-UTRAN elements.

8.10.2.1 Information that may be transferred from the UE to E-SMLC

The information transferred from the UE to the E-SMLC consists of capability information and location measurements
or UE position. The supported information elements are given in Table 8.10.2.1-1.

Table 8.10.2.1-1: Sensor Measurement Information that may be transferred from UE to the E-SMLC

Information UE-assisted UE-based/
Standalone
Displacement Timestamp Yes Yes
Displacement Information Yes Yes
Reference Position Yes Yes
Reference Time Yes Yes
8.10.2.1.1 UE-assisted, UE-based, Standalone mode

In the UE-assisted, UE-Based, and Standalone mode, the UE reports, displacement information, displacement
timestamp, reference position and reference time stamp.

8.10.2.1.2 UE Displacement and Movement Information

The UE may report movement and displacement information which comprises an ordered series of direction and
distance travelled by the target device and the time interval s when these measurements are taken.

8.10.2.2 Information that may be transferred from the E-SMLC to the UE

In this release, no information, e.g. assistance data is transferred to the UE.

8.10.3 Motion Sensors Location Information Transfer Procedure

The purpose of this procedure is to enable the E-SMLC to request additional sensor measurements or to enable the UE
to provide sensor measurements to the E-SMLC for position calculation.

8.10.3.1 E-SMLC initiated Location Information Transfer Procedure

Figure 8.10.3.1-1 shows the Location Information Transfer operations when the procedure is initiated by the E-SMLC.
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UE E-SMLC

~4——1. LPP Request Location Information

2. LPP Provide Location Information —_—P

Figure 8.10.3.1-1: E-SMLC-initiated Location Information Transfer Procedure

(1) The E-SMLC sends a L PP Request Location Information message to the UE for invocation of motion sensor
positioning. This request includes positioning instructions such as the positioning mode, specific requested UE
measurements if any, and quality of service parameters (accuracy, response time).

(2) The UE performs the requested measurements. The UE sends an LPP Provide Location Information message to
the E-SMLC before the Response Time provided in step (1) elapsed. If the UE is unable to perform the requested
measurements, or if the Response Time provided in step 1 elapsed before any of the requested measurements
have been obtained, the UE returns any information that can be provided in an L PP message of type Provide
Location Information which includes a cause indication for the not provided location information.

8.10.3.2 UE-initiated Location Information Delivery Procedure

Figure 8.10.3.2-1 shows the L ocation Information delivery operations for motion sensor method when the procedureis
initiated by the UE.

UE E-SMLC

1. LPP Provide Location Information ~———

Figure 8.10.3.2-1: UE-initiated Location Information Delivery Procedure

(1) The UE sends an LPP Provide Location Information message to the E-SMLC. The Provide Location Information
message may include UE sensor measurements or |ocation estimate aready available at the UE.
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Annex A (informative):
Definitions and Terms

No further definitions and terms are currently described beyond those defined in clause 3.
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Annex B (informative):
Use of LPP with SUPL

The design goal of LPPisto enableit to be used in user plane location solutions such as OMA SUPL ([17], [18]) and
thisinformative annex shows how L PP can be used in SUPL 2.0.

B.1 SUPL 2.0 Positioning Methods and Positioning
Protocols

The following table shows how the 3GPP positioning protocols are supported in SUPL 2.0.

Table B.1-1: SUPL support of positioning methods

Positioning Protocol: RRLP RRC LPP
— (GSMIGPRS/WCDMA/ (WCDMA) (LTE)
Positioning Method: LTE/WLAN/WiMAX)
A-GPS (A-GANSS) SET Assisted v v v
A-GPS (A-GANSS) SET Based 4 4 4
Autonomous GPS/GANSS v v v
Enhanced Cell ID v v v
Enhanced Observed Time v (GSM only) NA NA
Difference (E-OTD)
Observed Time Difference of NA v v
Arrival (OTDOA) NOTE L
Sensor NA v/ NOTE3 v
WLAN NA v v
Bluetooth NA v v
TBS NOTE?2 NA 4 4

NOTE 1: This includes TBS positioning based on PRS signals, which is only supported in LPP (LTE).
NOTE 2: TBS positioning based on MBS signals.
NOTE 3: Only barometric pressure sensor is supported.

NOTE: Whatisreferred to in the SUPL specifications as "Enhanced Cell ID isa UE-Assisted positioning mode
where the neighbouring cell measurements are carried at the SUPL layer (in the SUPL_POS INIT for
example). For LTE, the ASN.1 container for this mode is defined as follows:

LteCel | Information ::= SEQUENCE {

cel | d obal | dEUTRA Cel | d obal | dEUTRA,

physCel I 1 d PhysCel I I d,

tracki ngAr eaCode Tr acki ngAr eaCode,

rsrpResul t RSRP- Range OPTI ONAL,

rsrqResul t RSRQ Range OPTI ONAL,

ta | NTEGER( 0. . 1282) OPTI ONAL, -- Currently used Ti m ng Advance val ue
(N_TA/ 16 as per [3GPP 36.213])

nmeasResul t Li st EUTRA MeasResul t Li st EUTRA OPTI ONAL, - - Nei ghbour measur enent s

earfcn | NTEGER( 0. . 65535) OPTI ONAL, -- see Table 37

ear f cn- ext | NTEGER (65536. .262143) OPTI ONAL, -- see Table 37

rsrpResul t - ext RSRP- Range- Ext OPTI ONAL,

rsrqResul t - ext RSRQ Range- Ext OPTI ONAL,

rs-sinrResult RS- SI NR- Range OPTI ONAL,

servi ngl nf ormati on5G Servi ngl nf or mati on5G OPTI ONAL
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MeasResul t Li st EUTRA :: = SEQUENCE (SIZE (1..maxCel | Report)) OF MeasResul t EUTRA
MeasResul t EUTRA :: = SEQUENCE {
physCel I 1 d PhysCel I I d,
cgi-Info SEQUENCE {
cell d obal Id Cel | G obal | dEUTRA,
tracki ngAr eaCode Tr acki ngAr eaCode
} OPTI ONAL,
measResul t SEQUENCE {
rsrpResul t RSRP- Range OPTI ONAL, -- Mapping to nmeasured val ues
rsrqgResul t RSRQ Range OPTI ONAL, -- in 3GPP TS 36.133
earfcn | NTEGER( 0. . 65535) OPTI ONAL, -- see Table 37
earf cn- ext | NTEGER (65536. .262143) OPTI ONAL, -- see Table 37
rsrpResul t - ext RSRP- Range- Ext OPTI ONAL,
rsrgResul t - ext RSRQ Range- Ext OPTI ONAL,
rs-sinrResul t RS- SI NR- Range OPTI ONAL,

nei ghbour | nformati on5G Nei ghbour | nf or mati on5G OPT| ONAL

It should be noted that in addition to the container provided by SUPL itself, any E-CID positioning methods defined
within LPP proper can be supported in SUPL, viatunneling L PP as shown in this annex (in the same manner that A-
GNSS and OTDOA are supported).

B.2 SUPL 2.0 and LTE Architecture

This clause describes interworking between the control-plane LCS architecture, as defined in the main body of this
specification, and SUPL 2.0. The E-SMLC either includes or has an interface to an SPC function as defined in OMA
SUPL V2.0 ([17], [18]). It can thus provide a consistent set of positioning methods for deployments utilizing both
control-plane and user-plane.

The interworking does not enable use of user-plane signalling for part of a control-plane positioning session. The user
plane in the interworking here is not intended as an alternative path for control-plane signalling that would be needed
between UE and eNodeB for mechanisms such as A-GPS in a standal one C-plane solution.

This interworking does enable the SPC to retrieve measurements (e.g., GNSS-to-RAN time relations) from eNodeB.

The underlying architecture is shown in Figure B.2-1. Note that, for interworking between user-plane and control-plane
positioning, no new interfaces need to be defined as compared to those in the figure, assuming the SPC is either
integrated in the E-SMLC or attached to it with a proprietary interface.

S6a HSS SLh
UE é eNB MME GMLC
S1-MME SlLg
LTE-Uu
SLs
Le
—— sigpalin S1-U E- | spe LIp HH LCS
S ata | SMLC Client
Obpigection via |
"""" intermediate i
@ tities Serving | S5 PDN Lup
.Mtoe r'ra']ig Gatewa Gatewa
ey y y SGi

interface
[~ | Non-LCS Entity

Figure B.2-1: System architecture underlying positioning
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The Lup and LIp interfaces shown in this architecture are part of the user-plane solution only and are not required for
control-plane positioning. The SLsinterface isrequired for both control-plane and user-plane positioning, and needsto
be capable of querying eNode Bs for information not related to a UE connection.

SUPL, including the use of LPP over SUPL, takes place as part of the general user-plane protocol stack shown in Figure
B.2-2. SUPL occupies the application layer in the stack, with LPP (or another positioning protocol) transported as
another layer above SUPL.

Application
IP IP
PDCP Iy Ralry GTP-U
PECP [aPu SRUERU
ALC RLC | uppap uDPAR | uDPAP UDPAP
MAC WMAC L2 L2 L2 L2
L1 L1 L1 L1 L1 L1
L E-Uu S1U SE/S8 e
UE eModeB Serving GW PDN GW

Figure B.2-2: User-plane protocol stack

B.3 LPP session procedures using SUPL

This clause indicates how an L PP session relates to the SUPL structure. Figure B.3-1 shows how SUPL and LPP can be
combined within a SUPL positioning session. Step 4 here is repeated to exchange multiple LPP messages between the
SLPand SET.

SLP SET
1. SUPL INIT >
B 2. Establish secure TCP/IP Connection >
<
3. SUPL POS INIT (E-CID measurements)
< >

4. SUPL POS (LPP PDU)

5. SUPL END

Figure B.3-1: LPP session over SUPL

For positioning operations which take place entirely within an LPP session (step 4 in Figure B.3-1), the flow of LPP
messages can be the same as in the control-plane version of LPP; the role of the (LPP) target is taken by the target SET,
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and that of the (LPP) server by the SLP. An example LPP flow, including exchange of capabilities, request and delivery
of assistance data, and regquest and delivery of positioning information, is shown in Figure B.3-2.

LPP Target LPP Server
(Target SET) (SLP)

—1_ LPF PDU: Location informaton request [position estimate, transaction A

lg——————? | PP PDU: Capabilty reguest [tfransaction B}

3. LPP PDU: Capability indication [transaction Bf——"/—»
1 _LPFP FDU: Assistance datare quesl [transaction C Jr————
——5 L PP PDU: Assistance data delvery [transaction Cl————
Lg— 5. LPP FPDOU: Location information request [measurements, transaction D]—

7.LPP PDU: Locaton infarmation [measurements, transaction Of—am

=+——=d . LPFP PDU: Location information [posttion estimate, transaction A

Figure B.3-2: LPP session over SUPL

B.4  Procedures combining C-plane and U-plane
operations

Since SUPL is by definition carried over the user plane, it is not really applicable to operations terminating at the eNode
B. Thus, in some cases where information from the eNode B and UE needs to be merged for a positioning operation,
SUPL operations must take place in combination with control-plane procedures over LPPa.

This situation could arise in the case of UE-assisted OTDOA, for example, in which the SL P needs to provide the UE
(ina SUPL session) with assistance data supplied by various eNode Bs. This clause uses a UE-assisted OTDOA
positioning operation as a running example.

Although the positioning server in this operation is of course the SLP, the existence of the LIp interface means that the
SLP can communicate freely with the E-SMLC viathe SPC. In particular, this means that assistance data that were
delivered to the E-SMLC via LPPa can be transferred over to the SLP for delivery to the UE via LPP over SUPL.

Several waysto realise this general behaviour are possible. In the simplest case, the E-SMLC could be supplied with the
necessary assistance data in advance, so that they can be supplied to the SLP without any actual LPPa procedures taking
placein real time (and possibly even before the positioning transaction begins).
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UE (SET) eNode B E-SMLC SLP

Assistance data
(via LPPa)

SUPL session establishment

Assistance data (via Llp)

Assistance data
(via LPP/SUPL)

A

Figure B.4-1: Transfer of OTDOA assistance data to UE via SUPL

In the event that the E-SM L C does not have the required assistance data available, however, it would need to retrieve
them from appropriate eNode Bs once it was made aware that they were needed.

UE (SET) eNode B E-SMLC SLP

SUPL session establishment

Assistance data request
(via LPP/SUPL)

\

Assistance data request

Assistance data request (via Llp)

(via LPPa)

" Lhray
Assistance data

(via Llp)

—

Assistance data
(via LPP/SUPL)

A

Figure B.4-2: Transfer to the UE via SUPL of OTDOA assistance data not already available at the E-
SMLC

In both cases, it should be noted that the retrieval of the assistance datais transparent to the UE and to the actual SUPL
session. This model is parallel to the approach used with A-GNSS, in which assistance data such as satellite
ephemerides are retrieved from sources entirely external to the cellular network. For purposes of LPP over SUPL, the
delivery of assistance data to the SLP can be looked on as an independent external process.

The delivery of assistance data to the UE, however, takes place through the same mechanisms as control-plane LPP,
transported through SUPL.
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