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1
Introduction

Tdoc GP-091037 presented at GERAN#42 in Shenzhen contains the current baseline text for the GANSS Minimum Performance requirements to be included in 3GPP TS 45.005, once completed. 

This contribution proposes the Sensitivity Test scenario, currently missing in GP-091037. 

2
Background
The A-GPS requirements for acquisition sensitivity are used as a guidline to derive the sensitivity requirements for the other GNSS signals. For minimum performance, specification of acquisition sensitivity for L1/E1/G1 signals only is proposed. The same principle as in current A-GPS requirements is followed. That is, for coarse time assistance one strong signal is present which allows to decode the time from the satellite signal. The GNSS which provides the strong signal is defined by the MS vendor. 
The current acquisition sensitivity for A-GPS is -147 dBm. Using reasonable assumptions, the embedded Excel sheet in the Annex below derives a linear pre-detection SNR ratio of 7.5. With a probability of false alarm (defined as the probability that 1 sample of the pre-detection correlation result will exceed the detection threshold) of about 1e-9, a detection probability of about 85% would be obtained. Note, the overall probability of false alarm depends on the search space and would be different for different signals (e.g., 1023 chips for GPS L1 C/A but 4092 chips for Galileo). 
The sensitivity level for the other GNSS signals are defined such that the same pre-detection SNR ratio of 7.5 can be obtained. 
The coherent integration time is assumed to be not larger than 10 ms, and a total integration time of 1 second is used. Coherent integration time is a trade off. A larger coherent intervall increases the ideal coherent gain, but also increases the frequency roll-off, and with it, the sensitivity to changes in reference frequency and receiver velocity. 
With these assumptions, the sensitivity for GPS L1C would be -144 dBm (see Annex below). For simplicity, it is proposed to use ‑145.5 dBm (Note, the GPS L1C signal is 1.5 dB stronger than the GPS L1 C/A signal). This would mean that a GPS L1C capable receiver may have to integrate slightly longer, or use the GPS L1 C/A signal for acquisition.

For Galileo and GPS L1C, it is assumed the receiver performs the correlation on data and pilot channels, and coherently combies the results, so that the full E1/L1signal  power is exploited. For Galileo, coherent integration time is limited to 4 ms because of unkown data/pilot bits (for initial acquisition, (i.e., when the receiver is not synchronized) the affect of the secondary code on the pilot signal is the same as the effect of unkown data bits). 

3
Recommendation

It is proposed to include the attached changes in the next revison of the GANSS Minimum Performance Requirements baseline text.
Annex
An Excel sheet used to derive the requirements is embedded.
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O.2

A-GANSS minimum performance requirements

The A-GANSS minimum performance requirements are defined by assuming that all relevant and valid assistance data is received by the MS in order to perform GPS and GANSS measurements and/or position calculation. This clause does not include nor consider delays occurring in the various signalling interfaces of the network.

In the following subclauses the minimum performance requirements are based on availability of the assistance data information and messages defined in clauses O.5 and O.6.

O.2.1
Sensitivity

A sensitivity requirement is essential for verifying the performance of A-GANSS receiver in weak satellite signal conditions. In order to test the most stringent signal levels for the satellites the sensitivity test case is performed in AWGN channel. This test case verifies the performance of the first position estimate, when the MS is provided with only coarse time assistance and when it is additionally supplied with fine time assistance.

O.2.1.1
Coarse time assistance
In this requirement 6 satellites are generated for the terminal. AWGN channel model is used.
 Table O.2.x: Test parameters
	System
	Parameters
	Unit
	Value

	
	Number of generated satellites per system
	-
	See Table O.2.y

	
	Total number of generated satellites 


	-
	6

	
	HDOP range
	
	1.4 to 2.1

	
	Propagation conditions 
	-
	AWGN

	
	GANSS coarse time assistance error range
	seconds
	(2

	Galileo
	Reference high signal power level 
	dBm
	-137

	
	Reference low signal power level
	dBm
	-142.25

	GPS(1)
	Reference high signal power level
	dBm
	-142

	
	Reference low signal power level
	dBm
	-147

	Glonass
	Reference high signal power level
	dBm
	-142

	
	Reference low signal power level
	dBm
	-147

	NOTE 1:   ”GPS” here means GPS L1 C/A, Modernized GPS, or both, dependent on MS capabilities.


Table O.2.y: Power level and satellite allocation
	
	Satellite allocation for each constellation

	
	GNSS-1(1)
	GNSS-2
	GNSS-3

	Single constellation
	High signal level
	1
	-
	-

	
	Low signal level
	5
	-
	-

	Dual constellation
	High signal level
	1
	-
	-

	
	Low signal level
	2
	3
	-

	Triple constellation
	High signal level
	1
	-
	-

	
	Low signal level
	1
	2
	2

	Note 1: 
GNSS-1, i.e. the system having the satellite with high signal level may be selected by the MS vendor.  


O.2.1.1.1
Minimum Requirements (Coarse time assistance)

The position estimates shall meet the accuracy and response time specified in table O.2.2

Table O.2.2: Minimum requirements (coarse time assistance)
	System
	Success rate
	2-D position error
	Max response time

	All
	95 %
	100 m
	20 s


O.2.1.2
Fine time assistance


This requirement is only valid for fine time assistance capable MSs. In this requirement 6 satellites are generated for the terminal. AWGN channel model is used.
Table O.2.a: Test parameters
	System
	Parameters
	Unit
	Value

	
	Number of generated satellites per system
	-
	See Table O.2.b

	
	Total number of generated satellites 


	-
	6

	
	HDOP range
	
	1.4 to 2.1

	
	Propagation conditions 
	-
	AWGN

	
	GANSS coarse time assistance error range
	seconds
	(2

	
	GANSS fine time assistance error range
	s
	[(10]

	Galileo
	Reference signal power level 
	dBm
	-142.25

	GPS(1)
	Reference signal power level
	dBm
	-147

	Glonass
	Reference signal power level
	dBm
	-147


	NOTE 1:   ”GPS” here means GPS L1 C/A, Modernized GPS, or both, dependent on MS capabilities.


Table O.2.b: Satellite allocation
	
	Satellite allocation for each constellation

	
	GNSS-1
	GNSS-2
	GNSS-3

	Single constellation
	6
	-
	-

	Dual constellation
	3
	3
	-

	Triple constellation
	2
	2
	2


O.2.1.2.1
Minimum Requirements (Fine time assistance)

The position estimates shall meet the accuracy and response time specified in table O.2.4. 
	Table O.2.4: Minimum requirements for fine time assistance capable terminals
System
	Success rate
	2-D position error
	Max response time

	All
	95 %
	100 m
	20 s
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		Boltzmann constant, k		1.38E-23

		pi		3.1415

				GNSS Signals								Units		Notes

				GPS L1 C/A		GPS L1C		Glonass G1		Galileo E1

		RF Front End

		Signal Strength (SS); 
Acquisition Sensitivity		-147		-144		-147		-142.25		dBm		At antenna connector from simulator

		T0		290		290		290		290		K		Ambient temperature

		Front End Noise Figure, F		3		3		3		3		dB		Overall Noise Figure to characterize the entire front end

		Teff		578.6		578.6		578.6		578.6		K		Effective temperature of the entire front end; F*T0

		C/No at IF		24.0		27.0		24.0		28.7		dB-Hz		SS(dBW)-k*Teff(dBW/Hz)

		IF Bandwidth		2		4		1		4		MHz		Two-sided IF bandwidth

		Noise Power		-108.0		-105.0		-111.0		-105.0		dBm		k*Teff*BW in dBm

		SNR IF		-39.0		-39.0		-36.0		-37.3		dB		SS-Noise Power

		Coherent Integration

		Samples per chip		2		2		2		2

		Chip rate		1.023		1.023		0.511		1.023		MHz

		Sample rate		2.046		2.046		1.022		2.046		MHz

		Coherent integration timeTc		10		10		10		4		ms		Length of coherent integration interval

		Number of points, Nc		20460		20460		10220		8184

		Ideal coherent gain		43.1		43.1		40.1		39.1		dB		10*log10(Nc); in absence of any bandlimiting effects on the signal and noise, so that noise is uncorrelated

		Coherent Integration loss		-3		-3		-3		-3		dB		Includes filtering effects, A/D quantization, frequency mismatch, code missalignment

		Actual coherent gain		40.1		40.1		37.1		36.1		dB

		SNR coherent:		1.1		1.1		1.1		-1.2		dB		IF SNR + Coherent gain

		SNR ratio		1.3		1.3		1.3		0.8		ratio

		Noncoherent Integration

		Squaring loss		-0.5		-0.5		-0.5		-2.3		dB		I,Q squaring loss [1]

		Total integration time		1000		1000		1000		1000		ms

		Number of noncoherent sums		100.0		100.0		100.0		250.0

		Noncoherent gain		20.0		20.0		20.0		24.0		dB

		Implementation/
handset integration margin		-3		-3		-3		-3		dB		General implementation margin

		Predetection SNR		17.5		17.5		17.5		17.5		dB		x27+x34+x31+x36

		Magnitude SNR ratio		7.5		7.5		7.5		7.5		ratio

														[1] C. Strässle, et al., "The Squaring-Loss Paradox", ION GNSS, Texas, Sept. 2007.






