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[bookmark: _Toc439073153][bookmark: _Toc439073257]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
CID	Cell-ID (positioning method)
E-SMLC	Enhanced Serving Mobile Location Centre
E-CID	Enhanced Cell-ID (positioning method)
ECEF	Earth-Centered, Earth-Fixed
ECI	Earth-Centered-Inertial
EGNOS	European Geostationary Navigation Overlay Service
E-UTRAN	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
MBS	Metropolitan Beacon System
MO-LR	Mobile Originated Location Request
MT-LR	Mobile Terminated Location Request
NI-LR	Network Induced Location Request
OTDOA	Observed Time Difference Of Arrival
PDU	Protocol Data Unit
PRS	Positioning Reference Signal
QZSS	Quasi-Zenith Satellite System
RRM	Radio Resource Management
RSTD	Reference Signal Time Difference
SBAS	Space Based Augmentation System
SET	SUPL Enabled Terminal
SLP	SUPL Location Platform
SUPL	Secure User Plane Location
TADV	Timing Advance
TOA	Time Of Arrival
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


8.2	Downlink positioning method
8.2.1	General
In the downlink positioning method, the UE positioning is estimated based on measurements taken at the UE of downlink radio signals from multiple eNodeBs, along with knowledge of the geographical coordinates of the measured eNodeBs 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 subclause 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 (PCIs) and global cell IDs (GCIs) of candidate cells for measurement;
-	Timing relative to the serving eNodeB of candidate cells;
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 and GCI of the cells under the eNodeB;
-	Timing information on the eNodeB;
-	Geographical candidates of the eNodeB.
An eNodeB may provide assistance data relating only to itself via LPPa signalling, although assistance data from several eNodeBs may be acquired through other mechanisms, see NOTE below.
NOTE:	The assistance data described in this section 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.
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 is listed in Table 8.2.2.3-1. The individual UE measurements are defined in [20]. The UE can, in order to enrich the downlink timing measurements, also signal information about received additional peaks in addition to the reference peak per cell from which the downlink timing measurements are obtained, see also Section A.1.
Table 8.2.2.3-1: Information that may be transferred from UE to the E-SMLC
	Information 
	Measurements

	Downlink Measurement Results List for EUTRA
	Physical cell IDs

	
	Global cell IDs

	
	Downlink timing measurements



[bookmark: _Toc439073263][bookmark: OLE_LINK29][bookmark: OLE_LINK30]8.2.3	Downlink Positioning Procedures
The procedures described in this subclause 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.
[bookmark: _Toc439073264]8.2.3.1	Capability Transfer Procedure
The Capability Transfer procedure for Downlink positioning is described in subclause 7.1.2.1.
[bookmark: _Toc439073265]8.2.3.1.1	Void
[bookmark: _Toc439073266]8.2.3.2	Assistance Data Transfer Procedure
[bookmark: _Toc439073267]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 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)).
[bookmark: _Toc439073268]8.2.3.2.1.1	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 is initiated by the E-SMLC. 
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Figure 8.2.3.2.1.1-1: 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 LPP Provide Assistance Data message to the UE. This message may include any of the downlink positioning assistance data defined in subclause 8.2.2.1. 
[bookmark: _Toc439073269]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 is initiated by the UE. 
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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 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 fulfill the request) and sends an LPP 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 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-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 LPP Provide Assistance Data message, if available at the E-SMLC. 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 data in 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.
[bookmark: _Toc439073270]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 sub clause 8.2.3.2.1 or for use in the calculation of positioning estimates at the E-SMLC.
[bookmark: _Toc439073271]8.2.3.2.2.1	Void

[bookmark: _Toc439073272]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.


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 a periodic 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 LPPa OTDOA 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.
[bookmark: _Toc439073273]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).
[bookmark: _Toc439073274]8.2.3.3.1	E-SMLC-initiated Location Information Transfer
Figure 8.2.3.3.1-1 shows the Location Information Transfer operations for the downlink positioning method when the procedure is initiated by the E-SMLC.
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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.
[bookmark: _Toc439073275]8.2.3.3.2	UE-initiated Location Information Delivery procedure
Figure 8.2.3.3.2-1 shows the Location Information Delivery procedure operations for the downlink positioning method when the procedure is initiated by the UE.
UE
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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 already available at the UE.


[bookmark: _Toc439073348]Annex A (informative):
Definitions and Terms
[FFS; intended for definitions and terminology more extensive than the acronym definitions.]
[bookmark: _Toc439073350]A.1	Additional peaks reporting for downlink positioning
Downlink positioning is based on UE time of arrival (TOA) estimation of positioning reference signals (PRSs) from a reference and neighbouring cells. The UE receiver may detect several occurances or correlation peaks from a specific cell over a time window, and the UE tries to identify the reference peak as the most likely line of sight peak. Peaks later in time are considered to be due to non-line of sight propagation and earlier in time due to noise. The additional peaks reporting (Section 8.2.2.3) enables capable UEs to also report up to two additional peaks from each reference and/or neighbouring cells.
[image: ]
Figure A.1-1: Illustration of reference and additional peaks in the received positioning reference signals from the reference cell and the neighbour cell.
One example illustrating a possible situation at the UE receiver with both a reference peak and additional peaks from a reference cell and a neighbour cell is shown in Figure A.1-1. The UE receiver has detected multiple TOA peaks for both the reference cell and a neighbour cell i. For both the reference cell and the neighbour cell, the UE estimates reference peak TOA t0 and ti respectively. The Reference Signal Time Difference (RSTD) is determined by the UE as the time difference between these reference peaks. The reference peak can be selected based on different strategies, such as the peak with the highest likelihood to be a relevant first peak, or the first peak among the detected peaks. The selection of the reference peak is implementation specific.
In addition, there are additional peaks in Figure A.1-1, which are represented by the relative time difference to the reference peak. For the reference cell in Figure A.1-1 with the reference peak TOA t0 and TOA of additional peaks t0,1 and t0,2, the additional peaks are represented by the relative time differences 0,1 = t0,1 - t0 and 0,2 = t0,2 - t0. Similarly, for the neighbour cell i in Figure A.1-1 with the reference peak TOA ti and TOA of additional peaks ti,1 and ti,2, the additional peaks are represented by the relative time differences i,1 = ti,1 - ti and 0,2 = ti,2 - ti.
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