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1 Introduction

A-GPS has already been standardized as one of UE location technologies supported by 3GPP in R99. Associated signalling support for A-GPS has also been completed in Release 4 and 5. However, the minimum performance requirements for A-GPS measurement are currently missing in TS 25.133 At TSG RAN#20 the WI [3] for developing the A-GPS performance requirements was agreed for both UE based and UE assisted A-GPS.

 In this document we consider the performance requirements for the UE based A-GPS method using position estimate as a test verdict. The required information elements of assistance data are also listed here. It is proposed to use this contribution as basis for creating a CR to TS25.133 and TS25.101.

A similar requirement can be developed for UE assisted A-GPS using pseudo range values as a test verdict, however this requirement would require further discussion. 

2 Discussion

This section looks at proposed performance types, the specified RRC states and the minimum performance requirements.

2.1 UE based A-GPS performance 

In case of the UE based A-GPS method we can use a position estimate as a test verdict. Inline with the request from RAN#20 we have also considered the needs of different performance types. These different requirements could be implemented by having three types, which are show below:

a) A-GPS type 1

b) A-GPS type 2

c) A-GPS type 3 

The types refer to different UE performances tested under different accuracy levels of GPS time assistance.

For A-GPS type 1 and 2, we have proposed the GPS time accuracy to be +/- 2 seconds at the UE antenna port(s). This allows the GPS timing to be known within one navigation data sub-frame, which is 6 seconds. In the performance requirement an extra 1 second is allowed for UE processing delays and RRC signalling.  

For A-GPS type 3, we have proposed the GPS time accuracy to be [+/-5] us at the UE antenna port(s).  This addresses the case when the network can provide an improved GPS time accuracy.

2.2 RRC states

The A-GPS testing should be performed in CELL_DCH state, which provides a faster testing procedure due to dedicated data transfer of assistance data. We also believe that it is important that the assistance data does not remain the same in every test case and test repetition in order to verify the UE requirements in a realistic environment. In order to perform the proposed test cases correctly we should agree on accuracy requirements on the GPS emulator providing the assistance data.

2.3 Minimum performance requirements

The proposed minimum performance test cases for type 1, 2 and 3 are shown in table 1.
Table 1: Minimum performance test cases with maximum response time for different tests

	Minimum performance
	Type 1
	Type 2
	Type 3

	Sensitivity
	GPS timing assistance (<+/- 2 s)
	 16s
	32s
	-

	
	GPS timing assistance (< +/- 5 us)
	-
	-
	16s

	Accuracy (<+/- 2 s)
	16s
	32s
	32s

	Dynamic range test (AWGN) (<+/- 2 s)
	16s
	32s
	32s

	Multipath (<+/- 2 s)
	16s
	32s
	32s

	Moving scenario*
	(tbd)
	(tbd)
	(tbd)

	Periodic update*
	(tbd)
	(tbd)
	(tbd)


*Note:
It is proposed that the minimum performance tests shall also include additional test cases for moving scenario and periodic update. The actual test parameters are not currently proposed in this document but are intended to be included based on further discussion in RAN4. 

The minimum performance requirements are specified in terms of a two-success rate, which would have specified 2-D positional error and a maximum response time as shown in table 2. 

Table 2: Minimum performance requirements specified in terms of a two-success rate

	Requirements
	Success Rate [%]
	2-D position error [m]
	Max response time [s]

	Requirement 1
	[67]
	[test dependent]
	[test dependent]

	Requirement 2
	[95]
	[test dependent]
	[test dependent]


3 Proposal for Stationary Requirements and Test Cases

In this section we propose different stationary requirements and test cases for the UE based A-GPS method to be included to TS25.133.

When testing a parameter with a statistical nature, a confidence level has to be set. The confidence level establishes the probability that a DUT passing the test actually meets the requirement and determines how many times a test has to be repeated. Since the confidence levels are not currently covered by TS25.133 but by TS34.121 instead, we have not defined in this contribution the details of the tests, how many times to run it and how to establish confidence in the tests. The confidence levels should, however, be defined for the final tests in TS34.121 by T1.
The test system shall meet the following conditions in all the proposed stationary test cases:

a) Time assistance accuracy shall be within +/- 2 s at the input of the UE antenna port(s), unless otherwise stated in the test case.  

b) The location of the serving Node B should be selected so that it is not more than 3 km from the location of the terminal. The uncertainty of the altitude information should be within +/- 100 m. Altitude could vary between 0 – 1000 m with e.g. a default altitude of 100 m.

c) The satellite constellation consists of 9 satellites. All of the 9 satellites are visible for the UE (i.e. above the horizon) and assistance data is given for 9 satellites. In the actual test only a sub-set of these 9 satellites are generated.

d) In all test cases the mid range carrier frequency is used for the UTRA operating band.  The frequency error of the SS should be set to [+/-0.025] ppm with respect to the GPS carrier frequency.
e) The information elements, that are required to be signalled to the UE in all the proposed test cases, are listed in Appendix B.
f) GPS signal in the test cases is defined at the A-GPS antenna connector of the UE. For UE with integral antenna only, a reference antenna with a gain of 0 dBi. 

g) The definition HDOP, means Horizontal Dilution of Precision. Dilution of Precisions is a measure of position determination accuracy that is solely a function of the geometrical layout of the reference points used in the position determination, as seen from the estimated position (for GPS, position of the satellites relative to the receiver antenna). One-sigma position error is approximately the product of the value of the Dilution of Precision and the one-sigma error in measured range from the mobile station to the reference points.

3.1 Sensitivity Test

3.1.1 Inaccurate Time Assistance: Type 1

In this test case 8 satellites are generated for the terminal. AWGN channel model is used.
	Definitions
	

	Number of generated satellites
	8

	Max HDOP
	2.1

	Time assistance accuracy (s)

	+/-2

	Type 1
	GPS Signal for one satellites (dBm)
	-142

	
	GPS Signal for remaining satellites (dBm)
	-147


3.1.2 Inaccurate Time Assistance: Type 2

In this test case 8 satellites are generated for the terminal. AWGN channel model is used.
	Definitions
	

	Number of generated satellites
	8

	Max HDOP
	2.1

	Time assistance accuracy (s)

	+/-2

	Type 2
	GPS Signal for one satellites (dBm)
	-142

	
	GPS Signal for remaining satellites (dBm)
	-147


3.1.3 Accurate Time Assistance: Type 3

In this test case 8 satellites are generated for the terminal. AWGN channel model is used.
	Definitions
	

	Number of generated satellites
	8

	Max HDOP
	2.1

	Time assistance accuracy (µs)

	[+/-5]

	Class 3
	GPS Signal for one satellites (dBm)
	 -147

	
	GPS Signal for remaining satellites (dBm)
	-147


Addition IE’s required in this test case:

	UTRAN GPS timing of cell frames
	Value within the required accuracy

	TUTRAN-GPS drift rate
	0


If present, then the following parameter value should be set for the SFN-TOW Uncertainty information element:

	SFN-TOW Uncertainty
	lessThan10
	This field indicates the uncertainty of the relation GPS TOW/SFN. lessThan10 means the relation is accurate to at least 10 ms.


3.1.4 Requirements (Inaccurate and Accurate Time Assistance) 

The reported position estimates shall meet the accuracy and response time requirements in table 3.

Table 3: Minimum performance test case with maximum response time for type 1, 2 and 3
	Requirements
	Success Rate [%]
	2-D position error [m]
	Max response time [s]

	
	
	
	Type 1
	Type 2
	Type 3

	Requirement 1
	[67]
	[60]
	[16]
	[32]
	[16]

	Requirement 2
	[95]
	[180]
	[16]
	[32]
	[16]


3.2 Accuracy Test: Type 1, 2 and 3 

In this test case 8 satellites are generated for the terminal. AWGN channel model is used.
	Definitions
	

	Number of generated satellites
	8

	GPS Signal for all satellites (dBm)
	-130

	Max HDOP
	1.6


3.2.1 Requirements (Accuracy) 

The reported position estimates shall meet the accuracy and response time requirements in table 4.

Table 4: Minimum performance test case with maximum response time for type 1, 2 and 3
	Requirements
	Success Rate [%]
	2-D position error [m]
	Max response time [s]

	
	
	
	Type 1
	Type 2
	Type 3

	Requirement 1
	[67]
	[25]
	[16]
	[32]
	[32]

	Requirement 2
	[95]
	[75]
	[16]
	[32]
	[32]


3.3 Dynamic Range Test: Type 1, 2 and 3

In this test case 6 satellites are generated for the terminal. AWGN channel model is used.
	Definitions
	

	Number of generated satellites
	6

	GPS Signal for 1st satellite (dBm)
	-129

	GPS Signal for 2nd satellite (dBm)
	-135

	GPS Signal for 3rd satellite (dBm)
	-141

	GPS Signal for 4th satellite (dBm)
	-147

	GPS Signal for 5th satellite (dBm)
	-147

	GPS Signal for 6th satellite (dBm)
	-147

	Max HDOP
	2.1


3.3.1 Requirements (Dynamic Range Test)

The reported position estimates shall meet the accuracy and response time requirements in table 5.


Table 5: Minimum performance test case with maximum response time for type 1, 2 and 3

	Requirements
	Success Rate [%]
	2-D position error [m]
	Max response time [s]

	
	
	
	Type 1
	Type 2
	Type 3

	Requirement 1
	[67]
	[60]
	[16]
	[32]
	[32]

	Requirement 2
	[95]
	[180]
	[16]
	[32]
	[32]


3.4 Multipath Test: Type 1, 2 and 3

In this test case 5 satellites are generated for the terminal. Two of the satellites have one tap channel representing line-of-sight (LOS) signal. The three other satellites have two-tap channel, where the first tap represents LOS signal and the second reflected and attenuated signal.
	Definitions
	

	Number of generated satellites (Satellites 1,2 LOS)
	5

	GPS LOS signal (dBm)

(The total mean dBm for the satellites with multi-paths is –128.236 (dBm) 
	-130

	Max HDOP (Horizontal Dilution of Precision)
	2.5

	Number of satellites with the multi-path propagation condition Case X
	3


	Case X to be included to TS25.101 (Discrete Doppler frequency is used for each tap.  Applies to Satellites 3, 4, 5)

	Initial relative Delay [GPS chip]
	Doppler frequency of tap [Hz]
	Relative mean Power [dB]

	0
	Fd
	0

	0.5
	—Fd - 0.10.1
	-3


3.4.1 Requirements (Multipath) 

The reported position estimates shall meet the accuracy and response time requirements in table 6.

Table 6: Minimum performance test case with maximum response time for type 1, 2 and 3
	Requirements
	Success Rate [%]
	2-D position error [m]
	Max response time [s]

	
	
	
	Type 1
	Type 2
	Type 3

	Requirement 1
	[67]
	[60]
	[16]
	[32]
	[32]

	Requirement 2
	[95]
	[150]
	[16]
	[32]
	[32]


4 Conclusions

It is proposed that the performance test cases introduced in this contribution would be adopted for TS25.133 as the UE based A-GPS requirements.

Based on the agreement supporting companies are willing to draft a CR introducing these UE based A-GPS requirements to TS 25.133.
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Appendix B: IE required in the proposed test cases

In this section, IEs, that are required in all the proposed test cases, are defined. The following IE shall be given for all 9 satellites:

This IE contains information required to manage the transfer of precise navigation data to the GPS-capable UE.

	Information Element/Group name
	Need
	Multi
	Type and Reference
	Semantics description

	Satellite information
	MP
	1 to <maxSat>
	
	

	>SatID
	MP
	
	Enumerated(0..63)
	Satellite ID

	>Satellite Status
	MP
	
	Enumerated(NS_NN,

ES_SN,

ES_NN,

REVD)
	NOTE




NOTE:
The UE shall interpret enumerated symbols as follows.

	Value
	Indication

	NS_NN
	New satellite, new Navigation Model

	ES_SN 
	Existing satellite, same Navigation Model

	ES_NN
	Existing satellite, new Navigation Model

	REVD
	Reserved


The following information elements related to the UE positioning GPS almanac information shall be signalled to the UE in all the test case.

This IE contain information for GPS ephemeris and clock correction.

	Information Element/Group name
	Need
	Multi
	Type and Reference
	Semantics description

	C/A or P on L2
	MP
	
	Bit string(2)
	Code(s) on L2 Channel [12]

	URA Index
	MP
	
	Bit string(4)
	User Range Accuracy [12]

	SV Health
	MP
	
	Bit string(6)
	[12]

	IODC
	MP
	
	Bit string(10)
	Issue of Data, Clock [12]

	L2 P Data Flag
	MP
	
	Bit string(1)
	[12]

	SF 1 Reserved
	MP
	
	Bit string(87)
	[12]

	TGD
	MP
	
	Bit string(8)
	Estimated group delay differential [12]

	Toc
	MP
	
	Bit string(16)
	apparent clock correction [12]

	af2
	MP
	
	Bit string(8)
	apparent clock correction [12]

	af1
	MP
	
	Bit string(16)
	apparent clock correction [12]

	af0
	MP
	
	Bit string(22)
	apparent clock correction [12]

	Crs
	MP
	
	Bit string(16)
	Amplitude of the Sine Harmonic Correction Term to the Orbit Radius (meters) [12]

	n
	MP
	
	Bit string(16)
	Mean Motion Difference From Computed Value (semi-circles/sec) [12]

	M0
	MP
	
	Bit string(32)
	Mean Anomaly at Reference Time (semi-circles) [12]

	Cuc
	MP
	
	Bit string(16)
	Amplitude of the Cosine Harmonic Correction Term To The Argument Of Latitude (radians) [12]

	e
	MP
	
	Bit string(32)
	c

	Cus
	MP
	
	Bit string(16)
	Amplitude of the Sine Harmonic Correction Term To The Argument Of Latitude (radians) [12]

	(A)1/2
	MP
	
	Bit string(32)
	Semi-Major Axis (meters)1/2 [12]

	toe
	MP
	
	Bit string(16)
	Reference Time Ephemeris [12]

	Fit Interval Flag
	MP
	
	Bit string(1)
	[12]

	AODO
	MP
	
	Bit string(5)
	Age Of Data Offset [12]

	Cic
	MP
	
	Bit string(16)
	Amplitude of the Cosine Harmonic Correction Term To The Angle Of Inclination (radians) [12]

	OMEGA0
	MP
	
	Bit string(32)
	Longitude of Ascending Node of Orbit Plane at Weekly Epoch (semi-circles) [12]

	Cis
	MP
	
	Bit string(16)
	Amplitude of the Sine Harmonic Correction Term To The Angle Of Inclination (radians) [12]

	i0
	MP
	
	Bit string(32)
	Inclination Angle at Reference Time (semi-circles) [12]

	Crc
	MP
	
	Bit string(16)
	Amplitude of the Cosine Harmonic Correction Term to the Orbit Radius (meters) [12]

	
	MP
	
	Bit string(32)
	Argument of Perigee (semi-circles) [12]

	OMEGAdot
	MP
	
	Bit string(24)
	Longitude of Ascending Node of Orbit Plane at Weekly Epoch (semi-circles/sec) [12]

	Idot
	MP
	
	Bit string(14)
	Rate of Inclination Angle (semi-circles/sec) [12]


Information on UE positioning GPS ionospheric model should also be given in each test case and therefore the following parameters are needed in the test case: The IE contains fields needed to model the propagation delays of the GPS signals through the ionosphere.

	Information Element/Group name
	Type and Reference

	(0
	Bit string(8)

	(1
	Bit string(8)

	(2
	Bit string(8)

	(3
	Bit string(8)

	(0
	Bit string(8)

	(1
	Bit string(8)

	(2
	Bit string(8)

	(3
	Bit string(8)


The parameters n are the coefficients of a cubic equation representing the period of the ionospheric model.
n are the coefficients of a cubic equation representing the amplitude of the vertical delay. The parameters 
The following IEs should be signalled for each satellite in all of the test cases: SatID, TLM Message, TLM Reserved, Alert for Satellite and Anti-Spoof for Satellite.
	SatID

	TLM Message 

	TLM Reserved 

	Alert for Satellite 

	Anti-Spoof for Satellite 


The following information elements related to an ellipsoid point with altitude and uncertainty ellipsoid shall be signaled to the UE in all the test cases.

	Information Element/Group name
	Need
	Multi
	Type and Reference
	Semantics description

	Latitude sign
	MP
	
	Enumerated (North, South)
	

	Degrees Of Latitude
	MP
	
	Integer (0...223-1)
	The IE value (N) is derived by this formula:

N223 X /90  N+1

X being the latitude in degree (0°.. 90°)

	Degrees Of Longitude
	MP
	
	Integer (-223...223-1)
	The IE value (N) is derived by this formula:

N224 X /360  N+1

X being the longitude in degree (-180°..+180°)

	Altitude Direction
	MP
	
	Enumerated (Height, Depth)
	

	Altitude
	MP
	
	Integer (0..215-1)
	The IE value (N) is derived by this formula:

Na  N+1

a being the altitude in metres

	Uncertainty semi-major
	MP
	
	Integer (0...127)
	The uncertainty r is derived from the "uncertainty code" k by

r = 10x(1.1k-1)

	Uncertainty semi-minor
	MP
	
	Integer (0...127)
	The uncertainty r is derived from the "uncertainty code" k by

r = 10x(1.1k-1)

	Orientation of major axis
	MP
	
	Integer (0..89)
	The IE value (N) is derived by this formula:

2N a  2(N+1)

a being the orientation in degree (0°.. 179°)

	Uncertainty Altitude
	MP
	
	Integer(0..127)
	The uncertainty in altitude, h, expressed in metres is mapped from the IE value (K), with the following formula:
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with C = 45 and x = 0.025.

	Confidence
	MP
	
	Integer (0..100)
	in percentage
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