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[bookmark: _Toc37338087][bookmark: _Toc46488928][bookmark: _Toc52567281][bookmark: _Toc139051902][bookmark: _Hlk144907670]3.2	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
5GC	5G Core Network
5GS	5G System
A-AoA	Azimuth-Angle of Arrival
ADR	Accumulated Delta Range
AL	Alert Limit
AoA	Angle of Arrival
AP	Access Point
APC	Antenna Phase Center
ARP	Antenna Reference Point
BDS	BeiDou Navigation Satellite System
BSSID	Basic Service Set Identifier
CID	Cell-ID (positioning method)
CLAS	Centimetre Level Augmentation Service
DL-AoD	Downlink Angle-of-Departure
DL-PRS	Downlink Positioning Reference Signal
DL-TDOA	Downlink Time Difference Of Arrival
DNU	Do Not Use
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
FDMA	Frequency Division Multiple Access
FKP	Flächenkorrekturparameter (Engl: Area Correction Parameters)
GAGAN	GPS Aided Geo Augmented Navigation
GLONASS	GLObal'naya NAvigatsionnaya Sputnikovaya Sistema (Engl.: Global Navigation Satellite System)
GMLC	Gateway Mobile Location Centre
GNSS	Global Navigation Satellite System
GPS	Global Positioning System
GRS80	Geodetic Reference System 1980
HESSID	Homogeneous Extended Service Set Identifier
IOD	Issue of Data
LCS	LoCation Services
LMF	Location Management Function
LPP	LTE Positioning Protocol
MAC	Master Auxiliary Concept
MBS	Metropolitan Beacon System
MO-LR	Mobile Originated Location Request
MT-LR	Mobile Terminated Location Request
Multi-RTT	Multi-Round Trip Time
NavIC	NAVigation with Indian Constellation
NG-C	NG Control plane
NG-AP	NG Application Protocol
NI-LR	Network Induced Location Request
N-RTK	Network – Real-Time Kinematic
NRPPa	NR Positioning Protocol A
OTDOA	Observed Time Difference Of Arrival
PCO	Phase Center Offset
PCV	Phase Center Variation
PDU	Protocol Data Unit
posSI	Positioning System Information
posSIB	Positioning SIB
PPP	Precise Point Positioning
PPP-RTK	Precise Point Positioning – Real-Time Kinematic
PRS	Positioning Reference Signal (for E-UTRA)
PRU	Positioning Reference Unit
QZSS	Quasi-Zenith Satellite System
RP	Reception Point
RRM	Radio Resource Management
RSRP	Reference Signal Received Power
RSRPP	Reference Signal Received Path Power
RSRQ	Reference Signal Received Quality
RSSI	Received Signal Strength Indicator
RSTD	Reference Signal Time Difference
RTK	Real-Time Kinematic
SBAS	Space Based Augmentation System
SDT	Small Data Transmission
SET	SUPL Enabled Terminal
SIB	System Information Block
SLP	SUPL Location Platform
SP	Semi-Persistent
SRS	Sounding Reference Signal
SSB	Synchronization Signal Block
SSID	Service Set Identifier
SSR	State Space Representation
STEC	Slant TEC
SUPL	Secure User Plane Location
TADV	Timing Advance
TBS	Terrestrial Beacon System
TEC	Total Electron Content
TEG	Timing Error Group
TP	Transmission Point
TRP	Transmission-Reception Point
TTA	Time To Alert
TxTEG	Tx Timing Error Group
UE	User Equipment
UL-AoA	Uplink Angle of Arrival
UL-RTOA	Uplink Relative Time of Arrival
UL-SRS	Uplink Sounding Reference Signal
UL-TDOA	Uplink Time Difference of Arrival
URA	User Range Accuracy
WAAS	Wide Area Augmentation System
WGS-84	World Geodetic System 1984
WLAN	Wireless Local Area Network
Z-AoA	Zenith Angles of Arrival

/**Skip unmodified parts**/
[bookmark: _Toc109049820]8.1.2	Information to be transferred between NG-RAN/5GC Elements
This clause defines the information that may be transferred between LMF and UE.
[bookmark: _Toc12632662][bookmark: _Toc29305356][bookmark: _Toc37338174][bookmark: _Toc46489017][bookmark: _Toc52567370][bookmark: _Toc109049821]8.1.2.1	Information that may be transferred from the LMF 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 LMF to the UE.
NOTE:	The provision of these assistance data elements and the usage of these elements by the UE depend on the NG-RAN/5GC and UE capabilities, respectively.
Table 8.1.2.1-1: Information that may be transferred from the LMF to UE
	Assistance Data 

	Reference Time

	Reference Location

	Ionospheric 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 Auxiliary 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 IOD Update

	SSR Satellite PCV Residuals



NEXT CHANGE
/**Skip unmodified parts**/
[bookmark: _Toc12632683][bookmark: _Toc29305377][bookmark: _Toc37338195][bookmark: _Toc46489038][bookmark: _Toc52567391][bookmark: _Toc124536561][bookmark: _Toc139052035]8.1.2.1.21	SSR Orbit Corrections
SSR Orbit Corrections provides the GNSS receiver with parameters for orbit corrections in 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 implementation-defined by the Network and use of all corrections together shall yield a consistent solution.
[bookmark: _Hlk140657598]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) corrections., 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 NW implementations that do not provide this correction or to minimise the impact of Satellite APC effects 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 also 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 =																		(Equation 8.1.2.1.21-1)
meanorbit = 

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) coordinates into the WGS-84 ECEF coordinate frame. RT denotes the transposed matrix.
v: the 3-D Orbit error variance vector expressed in satellite along-track, cross-track and radial coordinates.
: the Mean Orbit Error vector expressed in satellite along-track, cross-track and radial coordinates.

The vector v is expressed in the SSR Orbit Corrections as the three elements in the Variance Orbit Residual Error Vector.
NEXT CHANGE
8.1.2.1.31	SSR IOD Update
SSR IOD Update is used to link assistance data elements based on their Issue of Data (IOD) values, especially for elements which are infrequently updated. The elements with a matching IOD are linked and valid while the SSR IOD Update element is valid, i.e. during the SSR IOD Update and SSR Update Interval and with respect to the IOD SSR.
NOTE:	It is up to the network to ensure that the Update Interval of the SSR IOD Update and the other SSR assistance data elements are configured so as to prevent inconsistent data being used together, i.e. that when the IOD values within the SSR IOD Update change, it does not cause an inconsistency with existing data that 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.
[bookmark: _Toc109049852][bookmark: _Hlk127386290]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:
-	Single base RTK service: RTK is a technique that uses carrier-based ranging measurements i.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 LMF 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)



-	Non-Physical Reference Station Network RTK service: In this approach the target UE receives synthetic observations from a fictitious Reference Station. The Network RTK software at the location server is performing the error estimation and creates a virtual Reference Station close to the initial location of the target device (provided a priori to the location server). The target UE interprets and uses the data just as if 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 LMF 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 all auxiliary stations in the network (or a suitable subset of stations) the information is provided to the UE in a highly 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, this indicates 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 [31].
Table 8.1.2.1a-3: MAC Network RTK service: Specific Information that may be transferred from the LMF 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). The target UE may use the gradients to compute the effect of the distance-dependent errors for its own position.
Table 8.1.2.1a-4: FKP Network RTK service: Information that may be transferred from the LMF 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 [31]. 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 LMF 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 IOD 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 IS-QZSS-L6-001 [36]. Therefore, PPP-RTK services compensate the global and local corrections for 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 LMF 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 Phase Bias

	SSR STEC Corrections

	SSR Gridded Correction

	SSR URA

	SSR Correction Points

	SSR IOD Update

	SSR Satellite PCV Residuals



[bookmark: _Toc139052037][bookmark: _Hlk90645121][bookmark: _Hlk93841362]8.1.2.1b	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 8.1.1a). 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 [42].
Table 8.1.2.1b-1: Mapping of Integrity Parameters
	Error
	GNSS Assistance Data
	Integrity Fields

	
	
	Integrity Alerts
	Integrity Bounds (Mean)
	Integrity Bounds (StdDev)
	Residual Risks
	Integrity Correlation Times

	Orbit
	SSR Orbit Corrections
	Real-Time Integrity
(see Clause 8.1.2.1.8)
	Mean Orbit Error
Mean Orbit Rate Error
(Calculated according to Equation 8.1.2.1.21-1)
	Standard Deviation Orbit Error
Standard Deviation Orbit Rate Error
(Calculated according to Equation 8.1.2.1.21-1)
	Probability of Onset of Constellation Fault

Probability of Onset of Satellite Fault

Mean Constellation Fault Duration

Mean Satellite Fault Duration
	Orbit Range Error Correlation Time

Orbit Range Rate Error Correlation Time

	Clock
	SSR Clock Corrections
	
	Mean Clock Error
Mean Clock Rate Error
	Standard Deviation Clock Error
Standard Deviation Clock Rate Error
	
	Clock Range Error Correlation Time

Clock Range Rate Error Correlation Time

	Code Bias
	SSR Code Bias
	
	Mean Code Bias Error

Mean Code Bias Rate Error
	Standard Deviation Code Bias Error

Standard Deviation Code Bias Rate Error
	
	

	Phase Bias
	SSR Phase Bias

SSR Satellite PCV Residuals
	
	Mean Phase Bias Error

Mean Phase Bias Rate Error
	Standard Deviation Phase Bias Error

Standard Deviation Phase Bias Rate Error
	
	

	Ionosphere
	SSR STEC Correction
	Ionosphere DNU
	Mean Ionospherre Error

Mean Ionospherre Rate Error
	Standard Deviation Ionosphere Error

Standard Deviation Ionosphere Rate Error
	Probability of Onset of Ionosphere Fault

Mean Ionosphere Fault Duration
	Ionosphere Range Error Correlation Time
Ionosphere Range Rate Error Correlation Time

	Troposphere Vertical Hydro Static Delay
	SSR Gridded Corrections
	Troposphere DNU

	Mean Troposphere Vertical Hydro Static Delay Error

Mean Troposphere Vertical Hydro Static Delay Rate Error
	Standard Deviation Troposphere Vertical Hydro Static Delay Error

Standard Deviation Troposphere Vertical Hydro Static Delay Rate Error
	Probability of Onset of Troposphere Fault

Mean Troposphere Fault Duration
	Troposphere Range Error Correlation Time

Troposphere Range Rate Error Correlation Time

	TroposphereVertical WetDelay
	
	
	Mean Troposphere Vertical Wet Delay Error

Mean Troposphere Vertical Wet Delay Rate Error
	Standard Deviation Troposphere Vertical Wet Delay Error

Standard Deviation Troposphere Vertical Wet Delay Rate Error
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