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Introduction

This document proposes content for the sections of TS 36.305 related to GNSS positioning methods.

Discussion

The GNSS procedures described in the attached draft CR are essentially similar to those in GERAN and UTRAN, but recast in terms of LTE and the LPP protocol.
Conclusion
We propose to agree to the attached draft CR.

8.1
GNSS positioning methods

8.1.1
General

Global Navigation Satellite System (GNSS) is the standard generic term for satellite navigation systems that provide autonomous geo-spatial positioning with global or regional coverage. The following GNSSs are supported in this version of the specification:

· GPS and its modernization [6,7,8];

· Galileo [9];

· GLONASS [10];

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

· Quasi-Zenith Satellite System (QZSS) [11].

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

· extra satellites 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 as in urban canyons;
· extra satellites and signals can improve reliability, i.e., with extra measurements the data redundancy is increased, which helps identify any measurement outlier problems;
· extra satellites 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;

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

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, etc.) and sends these measurements to the E-SMLC where the position calculation takes place, possibly using additional measurements from other (non GNSS) sources;

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

The assistance data content may vary depending on whether the UE operates in 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, clock corrections. 

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. 
8.1.2
Information to be transferred between E-UTRAN Elements

This subclause 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 lists assistance data for both UE-assisted and UE-based modes that may be sent from the E-SMLC to the UE. This information can be signalled to the UE either in a broadcast channel or as dedicated signalling. 

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 8.1.2-1: Information that may be transferred from the E-SMLC to UE.
	Assistance Data 
	Point-to-Point
	Broadcast

	Reference Time
	Yes
	Yes

	Reference Location
	Yes
	Yes

	Ionospheric Models
	Yes
	Yes

	Earth Orientation Parameters
	Yes
	Yes

	GNSS-GNSS Time Offsets
	Yes
	Yes

	Differential GNSS Corrections
	Yes
	Yes

	Ephemeris and Clock Models
	Yes
	Yes

	Real-Time Integrity
	Yes
	Yes

	Data Bit Assistance
	Yes
	Yes

	Acquisition Assistance
	Yes
	Yes

	Almanac
	Yes
	Yes

	UTC Models 
	Yes
	Yes


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 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 is indicated by a GNSS ID). The E-SMLC should achieve an accuracy of +/- 3 seconds for this time 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 GNSS is indicated 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 apriori estimate of its location (e.g., obtained via Cell-ID, OTDOA, etc.) together with its uncertainty.

The geodetic reference frame shall be WGS-84, as specified in [4].
8.1.2.1.3
Ionospheric Models

Ionospheric Model assistance provides the GNSS receiver with parameters to model the propagation delay of the GNSS signals through the ionosphere. Ionospheric Model parameters as specified by GPS [6], Galileo [9], and QZSS [11] may be provided. 
8.1.2.1.4
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 GNSS is indicated by a GNSS-1 ID) of one GNSS with other GNSS time (where the specific GNSS is indicated by a GNSS-2 ID). GNSS-GNSS Time Offsets parameters as specified by GPS [6], Galileo [9], Glonass [10], and QZSS [11] may be provided.
8.1.2.1.6
Differential GNSS Corrections

Differential 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 valid is indicated 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 calculate 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 GNSS is indicated by a GNSS ID).
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 GNSS is indicated by a GNSS ID). This information 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 GNSS is indicated by a GNSS ID) to enable a fast acquisition of the GNSS signals. 
8.1.2.1.11
Almanac

Almanac assistance provides the GNSS receiver with parameters to calculate 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 GNSS is indicated 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.
8.1.2.2
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 8.1.2-2.

Table 8.1.2-2: Information that may be transferred from 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 time association and uncertainty
	Yes
	Yes

	Indication of used positioning methods in the fix
	No
	Yes

	Code phase measurements
	Yes
	No

	Doppler measurements
	Yes
	No

	Carrier phase measurements
	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-SMLC 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-SMLC 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-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 UEs in the network. 

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

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 quality 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-SMLC and supported by the UE, the GNSS receiver may report Carrier Phase measurements 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 UEs in the network. 

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 a location estimate. This information may include OTDOA measurements, pathloss and signal strength related measurements, etc.
8.1.3
Assisted-GNSS Positioning Procedures

8.1.3.1
Position Capability Transfer Procedure

The purpose of this procedure is to enable the UE and E-SMLC to obtain the positioning capabilities of the E‑SMLC and UE, respectively.  

8.1.3.1.1

UE to E-SMLC Position Capability Transfer

Figure 8.1.3-1 shows the Position Capability Transfer operations for the network assisted GNSS method when position capabilities are transferred from the UE to the E-SMLC.
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Figure 8.1.3-1: E-SMLC originated Position Capability Transfer
(1)
Optionally, the E-SMLC determines that the positioning capabilities of the UE are needed and sends an LPP PDU to the UE including a Request Capabilities type. The request indicates that the A-GNSS capabilities of the UE are needed and may indicate a request for the capabilities of other position methods also.
 (2)
When the UE has received an LPP PDU of type Request Capabilities that includes a request for A-GNSS capabilities or unilaterally in the absence of step 1, the UE sends an LPP PDU of type Provide Capabilities to the E-SMLC. This PDU includes the A-GNSS positioning capabilities of the UE, including the GNSSs and signals per GNSS supported, GNSS modes supported, A-GNSS associated hybrid mode combinations supported. The LPP PDU may also indicate the UE support for specific GNSS measurements, such as carrier phase measurements, velocity, or fine time assistance measurements and may include the types of assistance data supported by the UE. If step 1 occurred and the UE cannot fulfill the request, a LPP PDU of type Error is sent instead, providing the specific error reason.
8.1.3.1.2

E-SMLC to UE Position Capability Transfer

Figure 8.1.3-2 shows the Position Capability Transfer operations for the network assisted GNSS method when position capabilities are transferred from the E-SMLC to the UE.
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Figure 8.1.3-2: UE originated Position Capability Transfer
(1)
Optionally, the UE determines that the positioning capabilities of the E-SMLC are needed and sends an LPP PDU to the E-SMLC including a Request Capabilities type. The Request Capabilities includes a request for the GNSS capabilities of the E-SMLC and may indicate the GNSS types for which these are needed. 

(2)
When the E-SMLC has received an LPP PDU of type Request Capabilities or unilaterally in the absence of step 1, it sends a LPP PDU of type Provide Capabilities to the UE. This PDU shall include the A-GNSS positioning capabilities of the E-SMLC as requested by the UE in step (1) or as determined by the E-SMLC in the absence of step 1. The A-GNSS capabilities may include the GNSSs and signals per GNSS supported by the E-SMLC, the GNSS modes supported by the E-SMLC, the hybrid mode combinations supported by the E‑SMLC (e.g., GNSS and OTDOA), the UE‑assisted measurements supported by the E-SMLC (e.g., carrier phase, GNSS frequencies supported, UE fine time assistance measurements supported), and the assistance data supported by the E-SMLC. If step 1 occurred and if the E-SMLC cannot fulfill the request, an LPP PDU of type Error is sent instead, providing the specific error reason.
8.1.3.2 
Assistance Data Delivery 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)).

8.1.3.2.1

E-SMLC initiated Assistance Data Delivery

Figure 8.1.3-3 shows the Assistance Data Delivery operations for the network assisted GNSS method when the procedure is initiated by the E-SMLC. 
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Figure 8.1.3-3: E‑SMLC originated 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 PDU of type Provide Assistance Data to the UE. This PDU may include any of the GNSS assistance data defined in subclause 8.1.2.1. The entire set of assistance data may be delivered in one or several LPP PDUs, e.g., one PDU per GNSS. In this case, this step may be repeated by the E-SMLC several times. 

8.1.3.2.2

UE initiated Assistance Data Delivery

Figure 8.1.3-4 shows the Assistance Data Delivery operations for the network assisted GNSS method when the procedure is initiated by the UE. 
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Figure 8.1.3-4: UE initiated Assistance Data Delivery Procedure
 (1)
The UE determines that certain A-GNSS 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 a LPP PDU of type Request Assistance Data to the E-SMLC. This request includes an indication of which specific A-GNSS assistance data are requested for each GNSS, possibly together with additional information (e.g., for which GNSS signal types, or 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 PDU and/or in an accompanying Provide Location Information PDU 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 a LPP PDU of type Provide Assistance Data, if available at the E-SMLC. The entire set of assistance data may be delivered in one or several LPP PDUs, e.g., one PDU per GNSS. 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 data in step (1) can be provided by the E-SMLC, an LPP PDU of type Error is sent by the E-SMLC instead, providing the error reason.

8.1.3.3 
Position Measurement 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 Position Measurement

Figure 8.1.3-5 shows the Position Measurement operations for the network assisted GNSS method when the procedure is initiated by the E-SMLC.
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Figure 8.1.3-5: E-SMLC initiated Position Measurement Procedure
 (1)
Optionally, the E-SMLC sends a LPP PDU of type Request Location Information 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, etc. and possibly non-GNSS methods, such as OTDOA 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).

 (2)
If step 1 occurred, the UE performs the requested measurements and possibly calculates its own location. Alternatively, if step 1 did not occur, the UE may initiate step 2 and obtain measurements in the absence of a request – e.g. to provide to the E-SMLC in association with the procedure in Figure 8.1.3-6. The UE sends an LPP PDU of type Provide Location Information to the E-SMLC before the Response Time provided in step (1) elapsed if step 1 occurred. If step 1 occurred and 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 sends a LPP PDU of type Error instead, providing the error reason.
8.1.3.3.2

UE initiated Position Measurement

Figure 8.1.3-6 shows the Position Measurement operations for the network assisted GNSS method when the procedure is initiated by the UE. This procedure may be used by the UE in case of basic self location for UE-assisted mode (i.e., UE requests its own location).
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Figure 8.1.3-6: UE initiated Position Measurement Procedure (Basic Self Location)
 (1)
The UE sends a LPP PDU of type Request Location Information to the E-SMLC, including preferred location methods and quality of service parameters (accuracy and response time). The UE may also include an associated Provide Location Information PDU as described in step 2 of Figure 8.1.3-5 containing A-GNSS and possibly other measurements. The Provide Location Information type may include any UE measurements (GNSS pseudo-ranges, and other measurements) already available at the UE and supported by the E-SMLC.

 (2)
If the E-SMLC is able to calculate the UE position and velocity (if requested), it returns the location and velocity (possibly together with uncertainty information) to the UE in a LPP PDU of type Provide Location Information. If the E-SMLC cannot obtain the UE location, a LPP PDU of type Error is sent instead, providing the specific error reason.
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