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Definitions and abbreviations

3.1
Definitions

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

As used 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.

3.2
Abbreviations

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

AoA
Angle of Arrival
AP
Access Point
BDS
BeiDou Navigation Satellite System
BT
Bluetooth
CID
Cell-ID (positioning method)

E-SMLC
Enhanced Serving Mobile Location Centre

E-CID
Enhanced Cell-ID (positioning method)

ECEF
Earth-Centered, Earth-Fixed

ECI
Earth-Centered-Inertial

EGNOS
European Geostationary Navigation Overlay Service
EPDU
External PDU
E-UTRAN
Evolved Universal Terrestrial Radio Access Network

GAGAN
GPS Aided Geo Augmented Navigation

GLONASS
GLObal'naya NAvigatsionnaya Sputnikovaya Sistema (Engl.: Global Navigation Satellite System)

GMLC
Gateway Mobile Location Center

GNSS
Global Navigation Satellite System

GPS
Global Positioning System

LCS
LoCation Services

LCS-AP
LCS Application Protocol

LMU
Location Measurement Unit

LPP
LTE Positioning Protocol

LPPa
LTE Positioning Protocol Annex
LPPe
LTE Positioning Protocol Extensions
MO-LR
Mobile Originated Location Request

MT-LR
Mobile Terminated Location Request

NI-LR
Network Induced Location Request
OMA
Open Mobile Alliance
PDU
Protocol Data Unit

PRS
Positioning Reference Signal

QZSS
Quasi-Zenith Satellite System

RRM
Radio Resource Management
RSSI
Received Signal Strength Indicator
RTT
Round Trip Time
SBAS
Space Based Augmentation System

SET
SUPL Enabled Terminal

SLP
SUPL Location Platform

SUPL
Secure User Plane Location

TADV
Timing Advance
UBP
Uncompensated Barometric Pressure
UE
User Equipment
UTDOA
Uplink Time Difference of Arrival
WAAS
Wide Area Augmentation System

WGS-84
World Geodetic System 1984
WLAN
Wireless Local Area Network

4.3
Standard UE Positioning Methods

The standard positioning methods supported for E-UTRAN access are:

-
network-assisted GNSS methods;

-
downlink positioning;
-
enhanced cell ID method;

-
uplink positioning.
Hybrid positioning using multiple methods from the list of positioning methods above is also supported.
UE autonomous positioning using one or more methods from the list of positioning methods above is also supported. In autonomous mode the UE determines its position without assistance from the network.
These positioning methods may be supported in UE-based, UE-assisted/E-SMLC-based, eNB-assisted, and LMU-assisted/E-SMLC-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-based
	eNB- assisted
	LMU-assisted/ E-SMLC-based
	SUPL

	A-GNSS
	Yes
	Yes
	No
	No
	Yes
(UE-based and UE-assisted)

	Downlink
	No
	Yes
	No
	No
	Yes (UE-assisted)

	E-CID
	No
	Yes
	Yes
	No
	Yes (UE-assisted)

	Uplink
	No
	No
	No
	Yes
	No


4.3.1
Network-assisted GNSS Methods

These methods make use of UEs that are equipped with radio receivers capable of receiving GNSS signals.
Examples of GNSS include GPS, Modernized GPS, Galileo, GLONASS, Space Based Augmentation Systems (SBAS), Quasi Zenith Satellite System (QZSS), and BeiDou Navigation Satellite System (BDS).

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

The operation of the network-assisted GNSS methods is described in clause 8.1.

4.3.2
Downlink positioning

The downlink (OTDOA) positioning method makes use of the measured timing of downlink signals received from multiple eNode Bs 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 eNode Bs.

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

4.3.3
Enhanced Cell ID Methods

In the Cell ID (CID) positioning method, the position of an UE is estimated with the knowledge of its serving eNode B and cell. The information about the serving eNode B and cell may be obtained by paging, 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 (such as inter-RAT measurements, WLAN measurements, BT-LE measurements, UE sensor 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.

In cases with a requirement 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.

5.3
Functional Description of Elements Related to UE Positioning in E-UTRAN

5.3.1
User Equipment (UE)

The UE may transmit the needed signals for uplink-based UE Positioning measurements and may make measurements of downlink signals from E-UTRAN and other sources such as different GNSS systems, WLAN access points, BT-LE beacons, or UE 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 measurement and calculation functions to determine the UE's position with or without network assistance. This is outside of the scope of this specification.

The UE may also, for example, contain an independent positioning function (e.g., GPS) and thus be able to report its position, independent of the E-UTRAN transmissions. The UE with an independent positioning function may also make use of assistance information obtained from the network.

6.2
UE-terminated protocols

6.2.1
LTE Positioning Protocol (LPP)

The LTE Positioning Protocol (LPP) is terminated between a target 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 is defined in [17] and [18].

LPP is a point to point positioning protocol with capabilities similar to those in UMTS RRC ([15]) and GERAN RRLP ([16]). Whereas RRLP supports positioning of a target MS accessing GERAN and RRC supports positioning of a target UE accessing UTRAN, LPP supports positioning and location related services (e.g. transfer of assistance data) for a target UE accessing E-UTRAN. To avoid creating new positioning protocols for future access types developed by 3GPP, and to enable positioning measurements for terrestrial access types other than E‑UTRAN, LPP is in 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 ([17], [18]), and is intended to be compatible with the successor protocols of SUPL 2.0 as well.

LPP messages are carried as transparent PDUs across intermediate network interfaces using the appropriate protocols (e.g., S1-AP over the S1-MME interface, NAS/RRC over the Uu interface).  The LPP protocol is intended 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 a transaction basis between a target 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 a single objective (e.g., transfer of assistance data, exchange of LPP related capabilities, or positioning of a target 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 a target 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 section 4.1.2 of [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 [2], the UE is the target device and the E-SMLC is the server. For SUPL 2.0 support, the SUPL Enabled Terminal (SET) is the target device and the SUPL Location Platform (SLP) is the 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 LPP 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 section 4.3. 

LPP supports hybrid positioning, in which two or more position methods are used concurrently to provide measurements and/or a location 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 supports External Protocol Data Units (EPDUs). LPP messages may each include an EPDU container, which can be used by standardization fora outside 3GPP to define their own extensions to LPP messages. LPP supports an EPDU for OMA LPPe [29]. LPPe supports extensions to the positioning methods as defined in subclause 4.3 (e.g., additional assistance data for GNSS, and UE-based downlink and E-CID methods) [29]. 
The operations controlled through LPP are described further in section 7.1.

8.3
Enhanced cell ID positioning methods

8.3.1
General

In the Cell ID (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 and/or other measurements to improve the UE location estimate. For E-UTRAN access, these measurements may include [20, 21, 30, 31]:

UE measurements ([20], [21], [30], [31]):

-
Reference signal received power (RSRP);

-
Reference Signal Received Quality (RSRQ);

-
UE Rx – Tx time difference;

-
GERAN RSSI;

-
UTRAN CPICH RSCP;

-
UTRAN CPICH Ec/Io;

-
WLAN AP identifier;
-
WLAN beacon RSSI;
-
WLAN round trip time (RTT);

-
BT beacon identifier;
-
Uncompensated Barometric Pressure (UBP).
E-UTRAN measurements ([20], [21]):

-
eNB Rx – Tx time difference
-
Timing Advance (TADV):

-
Type1: TADV = (eNB Rx – Tx time difference) + (UE Rx – Tx time difference)
-
Type2: TADV = eNB Rx – Tx time difference;

-
Angle of Arrival (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 sub 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-ID location does not require any assistance data to be transferred from the E-SMLC to the UE.

UE-Based Enhanced Cell-ID location is not supported by LPP in this version of the specification, but may be supported using LPP EPDUs (e.g., using LPPe; see subclause 6.2.1).

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 is listed 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

	WLAN AP identifier
	Yes

	WLAN beacon RSSI
	Yes

	WLAN round trip time (RTT)
	Yes

	BT beacon identifier
	Yes

	Uncompensated Barometric Pressure (UBP)
	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 is listed 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 (TADV)

	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/Io


