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The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
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	For a specific reference, subsequent revisions do not apply.
	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM 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 37.340: "Evolved Universal Terrestrial Radio Access (E-UTRA) and NR; Multi-connectivity", Stage 2.
[3]	3GPP TS 36.355: "Evolved Universal Terrestrial Radio Access (E-UTRA); LTE Positioning Protocol (LPP)".
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[5]	ETSI TR 102 273-1-2: "Electromagnetic compatibility and Radio spectrum Matters (ERM); Improvement on Radiated Methods of Measurement (using test site) and evaluation of the corresponding measurement uncertainties; Part 1: Uncertainties in the measurement of mobile radio equipment characteristics; Sub-part 2: Examples and annexes".
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[7]	P. Axelrad, R.G. Brown, "GPS Navigation Algorithms", in Chapter 9 of "Global Positioning System: Theory and Applications", Volume 1, B.W. Parkinson, J.J. Spilker (Ed.), Am. Inst. of Aeronautics and Astronautics Inc., 1996.
[8]	S.K. Gupta, "Test and Evaluation Procedures for the GPS User Equipment", ION-GPS Red Book, Volume 1, p. 119.
[9]	3GPP TS 38.509: "5GS; Special conformance testing functions for User Equipment (UE)".
[10]	IS-GPS-705, Navstar GPS Space Segment/User Segment L5 Interfaces, September 22, 2005.
[11]	IS-GPS-800, Navstar GPS Space Segment/User Segment L1C Interfaces, September 4, 2008.
[12]	IS-QZSS, Quasi Zenith Satellite System Navigation Service Interface Specifications for QZSS, Ver.1.1, July 31, 2009.
[13]	Galileo OS Signal in Space ICD (OS SIS ICD), Issue 1.2, February 2014, European Union.
[14]	Global Navigation Satellite System GLONASS Interface Control Document, Version 5.1, 2008.
[15]	Specification for the Wide Area Augmentation System (WAAS), US Department of Transportation, Federal Aviation Administration, DTFA01-96-C-00025, 2001.
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[17]	3GPP TS 38.300: "NR; Overall description; Stage-2".
[18]	3GPP TS 38.305: "NG Radio Access Network (NG-RAN); Stage 2 functional specification of User Equipment (UE) positioning in NG-RAN".
[19]	3GPP TS 37.571-1: " User Equipment (UE) conformance specification for UE positioning; Part 1: Terminal conformance".
[20]	3GPP TS 38.508-1: "5GS; User Equipment (UE) conformance specification; Part 1: Common test environment".
[21]	BDS-SIS-ICD-B1C-1.0: "BeiDou Navigation Satellite System Signal In Space Interface Control Document Open Service Signal B1C (Version 1.0)", December, 2017.
[22]	3GPP TS 37.355: "LTE Positioning Protocol (LPP)".
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[bookmark: _Toc5282179][bookmark: _Toc29812377][bookmark: _Toc29812486][bookmark: _Toc37140357][bookmark: _Toc37140644][bookmark: _Toc37140762][bookmark: _Toc37268712][bookmark: _Toc45880117][bookmark: _Toc74643006][bookmark: _Toc76542294]Annex E (normative):
Assistance data required for testing
E.1	Introduction
This annex defines the assistance data IEs available at the SS in all test cases. The assistance data shall be given for satellites as defined in B.1.5.
The information elements are given with reference to TS 36.355 [3]37.355[22], where the details are defined.
Table E.1 defines the assistance data elements which shall be provided to the UE in the tests (steps (d) and (e) in the message sequence according to annexes D.2 and D.3). The assistance data provided depends on the mode being used in the test case, the assistance data supported by the UE (indicated in step (c) in the message sequence according to annexes D.2 and D.3) and the GNSSs supported by the UE. Assistance data IEs not supported by the UE shall not be sent. Assistance data IEs supported by the UE but not listed in Table E.1 shall not be sent.
Table E.1: Assistance data to be provided to the UE
	Assistance data IE supported by UE
	Mode used in test case

	
	UE-based
	UE-assisted,
GNSS-AcquisitionAssistance supported by UE
	UE-assisted,
GNSS-AcquisitionAssistance not supported by UE

	GNSS-Reference Time
	Yes
	Yes
	Yes

	GNSS-ReferenceLocation
	Yes
	No
	Yes

	GNSS-IonosphericModel
	Yes
	No
	No

	GNSS-TimeModelList
	Yes(1)
	No
	Yes(1)

	GNSS-NavigationModel
	Yes
	No
	Yes

	GNSS-AcquisitionAssistance
	No
	Yes
	No

	GNSS-Almanac
	No
	No
	Yes

	GNSS-UTC-Model
	Yes(3)
	Yes(3)
	Yes(3)

	GNSS-AuxiliaryInformation
	Yes(2)
	Yes(2)
	Yes(2)

	NOTE 1: In case more than a single GNSS is supported by the UE.
NOTE 2: In case the UE supports GLONASS, and/or more than one GPS signal, and/or BDS B1C.
NOTE 3: In case more than a single GNSS is supported by the UE and the UE supports GLONASS.



[bookmark: _Toc5282181][bookmark: _Toc29812379][bookmark: _Toc29812488][bookmark: _Toc37140359][bookmark: _Toc37140646][bookmark: _Toc37140764][bookmark: _Toc37268714][bookmark: _Toc45880119][bookmark: _Toc74643008][bookmark: _Toc76542296]E.2	GNSS assistance data
a)	GNSS-ReferenceTime IE. This information element is defined in clause 6.5.2.2 of TS 37.355[22]36.355 [3].
Table E.2: GNSS-ReferenceTime IE
	Information Element
	All tests except Sensitivity Fine Time Assistance
	Sensitivity Fine Time Assistance test

	GNSS-ReferenceTime
	
	

	> gnss-SystemTime
	
	

	>> gnss-TimeID
	Yes
	Yes

	>> gnss-DayNumber
	Yes
	Yes

	>> gnss-TimeOfDay
	Yes
	Yes

	>> gnss-TimeOfDayFrac-msec
	Yes
	Yes

	>> notificationOfLeapSecond
	Yes if
gnss-TimeID = ‘glonass’
	Yes if
gnss-TimeID = ‘glonass’

	>> gps-TOW-Assist
	Yes if
gnss-TimeID = ‘gps’
	Yes if
gnss-TimeID = ‘gps’

	> referenceTimeUnc
	Yes
	No

	> gnss-ReferenceTimeForOneCell
	No
	Yes

	>> networkTime
	
	Yes

	>>> secondsFromFrameStructureStart
	
	Yes

	>>> fractionalSecondsFromFrameStructureStart
	
	Yes

	>>> frameDrift
	
	Yes

	>>> cellID
	
	Yes

	>>> CHOICE	eUTRA
	
	

	>>>> physCellId
	
	Yes

	>>>> cellGlobalIdEUTRA
	
	Yes

	>>>> earfcn/earfcn-v9a0
	
	Yes

	>>> CHOICE	nr-r15
	
	

	>>>> nrPhysCellId-r15
	
	Yes

	>>>> nrCellGlobalID-r15
	
	Yes

	>>>> nrARFCN-r15
	
	Yes

	>> referenceTimeUnc
	
	Yes



b)	GNSS-ReferenceLocation IE. This information element is defined in clause 6.5.2.2 of TS 37.355[22]36.355 [3].
Table E.3: GNSS-ReferenceLocation IE
	Name of the IE
	Fields of the IE

	GNSS-ReferenceLocation
	threeDlocation



c)	GNSS-IonosphericModel IE. This information element is defined in clause 6.5.2.2 of TS 37.355[22]36.355 [3].
Table E.4: GNSS-IonosphericModel IE
	Name of the IE
	Fields of the IE

	GNSS-IonosphericModel
	KlobucharModelParameter

	
	NeQuickModelParameter(1)

	
	KlobucharModel2Parameter(2)

	NOTE 1: Only required if GNSSs supported include Galileo.
NOTE 2: Only required if GNSSs supported include BDS B1C.



d)	GNSS-TimeModelList IE. This information element is only required for multi system tests, and is defined in clause 6.5.2.2 of TS 37.355[22]36.355 [3].
Table E.5: GNSS-TimeModelList IE
	Name of the IE
	Fields of the IE

	GNSS-TimeModelList
	

	
	gnssTOID
For each GNSS included in the test.

	
	deltaT



e)	GNSS-NavigationModel IE. This information element is defined in clause 6.5.2.2 of TS 37.355[22]36.355 [3].
Table E.6: GNSS-NavigationModel IE
	Name of the IE
	Fields of the IE

	GNSS-NavigationModel
	



Table E.7: GNSS Clock and Orbit Model choices
	GNSS
	Clock and Orbit Model choice

	BDS B1I
	Model-6

	BDS B1C
	Model-7

	Galileo
	Model-1

	GLONASS
	Model-4

	GPS L1 C/A
	Model-2

	Modernized GPS
	Model-3

	QZSS QZS-L1 C/A
	Model-2

	QZSS QZS-L1C/L2C/L5
	Model-3

	SBAS
	Model-5



f)	GNSS-AcquisitionAssistance IE. This information element is defined in clause 6.5.2.2 of TS 37.355[22]36.355 [3].
Table E.8: GNSS-AcquisitionAssistance IE
	Name of the IE
	Fields of the IE

	GNSS-AcquisitionAssistance
	



g)	GNSS-Almanac IE. This information element is defined in clause 6.5.2.2 of TS 37.355[22]36.355 [3].
Table E.9: GNSS-Almanac IE
	Name of the IE
	Fields of the IE

	GNSS-Almanac
	



Table E.10: GNSS Almanac choices
	GNSS
	Almanac Model choice

	BDS B1I
	Model-7

	BDS B1C
	Model-3, 4

	Galileo
	Model-1

	GLONASS
	Model-5

	GPS L1 C/A
	Model-2

	Modernized GPS
	Model-3, 4

	QZSS QZS-L1 C/A
	Model-2

	QZSS QZS-L1C/L2C/L5
	Model-3, 4

	SBAS
	Model-6



h)	GNSS-UTC-Model IE. This information element is defined in clause 6.5.2.2 of TS 37.355[22]36.355 [3].
Table E.11: GNSS-UTC-Model IE
	Name of the IE
	Fields of the IE

	GNSS-UTC-Model
	



Table E.12: GNSS UTC Model choices
	GNSS
	UTC Model choice

	BDS B1I
	Model-5

	BDS B1C
	Model-2

	Galileo
	Model-1

	GLONASS
	Model-3

	GPS L1 C/A
	Model-1

	Modernized GPS
	Model-2

	QZSS QZS-L1 C/A
	Model-1

	QZSS QZS-L1C/L2C/L5
	Model-2

	SBAS
	Model-4



[bookmark: OLE_LINK109][bookmark: OLE_LINK110]i)	GNSS-AuxiliaryInformation IE. This information element is defined in clause 6.5.2.2 of TS 37.355[22]36.355 [3].
Table E.13: GNSS-AuxiliaryInformation IE
	Name of the IE
	Fields of the IE

	GNSS-AuxiliaryInformation
	



[bookmark: _Toc5282182][bookmark: _Toc29812380][bookmark: _Toc29812489][bookmark: _Toc37140360][bookmark: _Toc37140647][bookmark: _Toc37140765][bookmark: _Toc37268715][bookmark: _Toc45880120][bookmark: _Toc74643009][bookmark: _Toc76542297]
Annex F (normative):
Converting UE-assisted measurement reports into position estimates
[bookmark: _Toc5282183][bookmark: _Toc29812381][bookmark: _Toc29812490][bookmark: _Toc37140361][bookmark: _Toc37140648][bookmark: _Toc37140766][bookmark: _Toc37268716][bookmark: _Toc45880121][bookmark: _Toc74643010][bookmark: _Toc76542298]F.1	Introduction
To convert the UE measurement reports in case of UE-assisted mode of A-GNSS into position errors, a transformation between the "measurement domain" (code-phases, etc.) into the "state" domain (position estimate) is necessary. Such a transformation procedure is outlined in the following clauses. The details can be found in [6-8] and [10-16].
[bookmark: _Toc5282184][bookmark: _Toc29812382][bookmark: _Toc29812491][bookmark: _Toc37140362][bookmark: _Toc37140649][bookmark: _Toc37140767][bookmark: _Toc37268717][bookmark: _Toc45880122][bookmark: _Toc74643011][bookmark: _Toc76542299]F.2	UE measurement reports
In case of UE-assisted A-GNSS, the measurement parameters are contained in the LPP GNSS-SignalMeasurementInformation IE (clause 6.5.2.6 in TS 37.355[22]36.355 [3]). The measurement parameters required for calculating the UE position are:
1)	Reference Time: The UE has two choices for the Reference Time:
a)	"networkTime";
b)	"gnss-TOD-msec".
2)	Measurement Parameters for each GNSS and GNSS signal: 1 to 64:
a)	" svID ";
b)	"codePhase";
c)	"integerCodePhase";
d)	"codePhaseRMSError".
Additional information required at the SS:
1)	"GNSS-ReferenceLocation" (clause 6.5.2.2 in TS 37.355[22]36.355 [3]):
Used for initial approximate receiver coordinates.
2)	"GNSS-NavigationModel" (clause 6.5.2.2 in TS 37.355[22]36.355 [3]):
Contains the GNSS ephemeris and clock correction parameters as specified in the relevant ICD of each supported GNSS; used for calculating the satellite positions and clock corrections.
3)	"GNSS-IonosphericModel" (clause 6.5.2.2 in TS 37.355[22]36.355 [3]):
Contains the ionospheric parameters which allow the single frequency user to utilize the ionospheric model as specified in the relevant ICD of each supported GNSS for computation of the ionospheric delay.
[bookmark: _Toc5282185][bookmark: _Toc29812383][bookmark: _Toc29812492][bookmark: _Toc37140363][bookmark: _Toc37140650][bookmark: _Toc37140768][bookmark: _Toc37268718][bookmark: _Toc45880123][bookmark: _Toc74643012][bookmark: _Toc76542300]F.3	WLS position solution
The WLS position solution problem is concerned with the task of solving for four unknowns; xu, yu, zu the receiver coordinates in a suitable frame of reference (usually ECEF) and bu the receiver clock bias. It typically requires the following steps:
Step 1: Formation of pseudo-ranges
The observation of code phase reported by the UE for each satellite SVi is related to the pseudo-range/c modulo the "gnss‑CodePhaseAmbiguity". For the formation of pseudo-ranges, the integer number of milliseconds to be added to each code-phase measurement has to be determined first. Since 1 ms corresponds to a travelled distance of 300 km, the number of integer ms can be found with the help of reference location and satellite ephemeris. The distance between the reference location and each satellite SVi is calculated and the integer number of milli-seconds to be added to the UE code phase measurements is obtained.
Step 2: Correction of pseudo-ranges for the GNSS-GNSS time offsets
In the case that the UE reports measurements for more than a single GNSS, the pseudo-ranges are corrected for the time offsets between the GNSSs relative to the selected reference time using the GNSS-GNSS time offsets available at the SS:

,



where is the measured pseudo-range of satellite i of GNSSm. The system time of GNSSk is the reference time frame, andis the available GNSS-GNSS time offset, and c is the speed of light.
Step 3: Formation of weighting matrix
The UE reported "codePhaseRMSError" values are used to calculate the weighting matrix for the WLS algorithm [7]. According to TS 37.355[22]36.355 [3], the encoding for this field is a 6 bit value that consists of a 3 bit mantissa, Xi and a 3 bit exponent, Yi for each SVi:
	[image: ]
The weighting Matrix W is defined as a diagonal matrix containing the estimated variances calculated from the "codePhaseRMSError" values:

	
Step 4: WLS position solution
The WLS position solution is described in reference [7] and usually requires the following steps:
1)	Computation of satellite locations at time of transmission using the ephemeris parameters and user algorithms defined in the relevant ICD of the particular GNSS. The satellite locations are transformed into WGS-84 reference frame, if needed.
2)	Computation of clock correction parameters using the parameters and algorithms as defined in the relevant ICD of the particular GNSS.
3)	Computation of atmospheric delay corrections using the parameters and algorithms defined in the relevant ICD of the particular GNSS for the ionospheric delay, and using the Gupta model in reference [8] p. 121 equation (2) for the tropospheric delay. For GNSSs which do not natively provide ionospheric correction models (e.g., GLONASS), the ionospheric delay is determined using the available ionospheric model adapted to the particular GNSS frequency.
4)	The WLS position solution starts with an initial estimate of the user state (position and clock offset). The Reference Location is used as initial position estimate. The following steps are required:
a)	Calculate geometric range (corrected for Earth rotation) between initial location estimate and each satellite included in the UE measurement report.
b)	Predict pseudo-ranges for each measurement including clock and atmospheric biases as calculated in 1) to 3) above and defined in the relevant ICD of the particular GNSS and [7].
c)	Calculate difference between predicted and measured pseudo-ranges [image: ]
d)	Calculate the "Geometry Matrix" G as defined in [7]:



	 with  where rsGNSSm,i is the satellite position vector for SVi of GNSSm (calculated in 1) above), and is the estimate of the user location.
e)	Calculate the WLS solution according to [7]:
	[image: ]
f)	Adding the [image: ]to the initial state estimate gives an improved estimate of the state vector:
	[image: ].
5)	This new state vector [image: ]can be used as new initial estimate and the procedure is repeated until the change in [image: ]is sufficiently small.
Step 5: Transformation from Cartesian coordinate system to Geodetic coordinate system
The state vector [image: ] calculated in Step 4 contains the UE position in ECEF Cartesian coordinates together with the UE receiver clock bias relative to the selected GNSS system time. Only the user position is of further interest. It is usually desirable to convert from ECEF coordinates xu, yu, zu to geodetic latitude  , longitude  and altitude h on the WGS-84 reference ellipsoid.
Step 6: Calculation of "2-D Position Errors"
The latitude  / longitude obtained after Step 5 is used to calculate the 2-D position error.

<End of Change 2>
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