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Introduction

This paper discusses channel models and testing method for A-GPS testing in 3GPP. The FCC has defined accuracy requirements for E-911 calls. It states that handset-based solutions should locate the E-911 caller to within 50 meters for 67% of the calls and to within 150 meters for 95% of the calls. The minimum level for A-GPS testing is to ensure that these positioning requirements will be fulfilled. This should be taken into account also in the 3GPP A-GPS models.

Satellite propagation environment in rural and suburban outdoor areas are relatively simple because almost all the visible satellites have line-of-sight (LOS) channel and only weak reflections appear. The situation turns immediately much more complex when the receiver is inside a house or a moving car. In an indoor environment the received signal is attenuated and a line-of-sight component does not exist. Also street canyon type of environments are difficult, since only satellites with a high elevation angle have a LOS component.

We propose that the channel models adopted in the first phase should be based on some well-known models. The models should also reflect the effect of different test scenarios. We are aware that no widely accepted multipath propagation models exist for satellite connections. It is probable that such models will be available in next couple of years, but meanwhile we suggest that the most suitable model from existing models is selected for this purpose and base the models on them. In this paper we propose COST 259 models [1] as a basis for the first set of multipath satellite models.
Satellite channel model

The satellite channel model can be divided into satellite specific and terrestrial specific processes. The model is depicted in Figure 1.
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Figure 1: Satellite channel model.

Parameters of the model are following:

The satellite process

(SG:
Delay time associated with the satellite-to-ground propagation path length

ASG:
Propagation path loss for the satellite-to-ground path, including free-space, 
antenna radiation patterns and atmospheric absorption effects

(s:
Doppler shift associated with satellite motion relative to the ground in the mobile 
vicinity.

The terrestrial process

(m, m = 1, 2, ..., N-1:
Excess delays beyond (SG associated with resolvable multipath 
propagation in the terrestrial environment

gm(t), m = 1, 2, ..., N:
Time-variant complex tap process associated with resolvable 
multipath propagation in the terrestrial environment

Five visible satellites are generated in multipath tests. Visible means here that the signal from satellite can be received but it doesn’t necessarily have LOS component. Therefore the signal level of NLOS satellite can be weak. Probability of satellite having LOS component increases as the elevation angle increases. Especially in dense urban environments the satellites in low elevations have low probability for LOS component. 

Received GPS signal level from satellite process is quite independent from location on earth and elevation angles. The largest signal strength variations occur due to the terrestrial environment. The power of received GPS signal is around –129dBm at open outdoor, –135dBm inside a car and -145dBm at an office environment. The corresponding attenuation shall be considered as an environment relative gain offset. For example a path in terrestrial channel a model that has –3dB gain would in A-GPS test case (office environment) have a power of –148dBm [2]. 

Some modifications need to be done to adapt the models for different satellite elevations. Satellite in different elevations can have LOS component or not. LOS modeling can be implemented by modeling the first arriving path as a Ricean fading process. In LOS case Ricean K-factor is large and in NLOS case K-factor is small. 

Fading Environment

Some assumptions need to be done about the environment, the situation where the UE is to be located and the probabilities for different scenarios. We are suggesting a combination of the following widely used typical environment and test scenarios.

Environment scenarios: Rural, Suburban, Urban, Dense urban

Testing scenarios: Indoor stationary, Outdoor stationary, Outdoor moving, 

Comprehensive test coverage can be achieved with a subset of test cases. We propose that we have four fading test cases that comprise typical test scenarios. These test cases are rural vehicular (highway), suburban outdoor, urban outdoor and urban indoor. The chosen test scenarios are bulleted in Table 1 below. 

Table 1: Environmental and test scenarios

	
	Vehicular
	Outdoor
	Indoor

	Rural 
	●
	
	

	Suburban
	
	●
	

	Urban
	
	●
	

	Dense Urban
	
	
	●


Each test case can have a percentual probability of occurrence. This figure can be used as a weight factor to match the test or to real environment. This weight coefficient can be used during the testing phase or later on for processing test results.

Multipath Test cases

Case 1: Indoor

· Indoor office environment in dense urban area. 

	Number of LOS satellites
	0 

	Number of NLOS satellites
	5

	Terrestrial fading model
	COST 259, GON

	Satellite signal zero level
	-142 dBm

	Mobile speed
	3 km/h

	Terrestrial Doppler 
	Flat


Case 2: Urban

· Pedestrian model at urban street canyon environment

	Number of LOS satellites
	1

	Number of NLOS satellites
	4

	Terrestrial fading model
	COST 259, GSC

	Satellite signal zero level
	-130 dBm

	Mobile speed
	3 km/h

	Terrestrial Doppler 
	Classical


Case3: Suburban

· Pedestrian outdoor model

	Number of LOS satellites
	5

	Number of NLOS satellites
	0

	Terrestrial fading model
	COST 259, GTU

	Satellite signal zero level
	-130 dBm

	Mobile speed
	3 km/h

	Terrestrial Doppler 
	Classical


Case 4: Rural vehicular

· Highway 

	Number of LOS satellites
	4 

	Number of NLOS satellites
	1 

	Terrestrial fading model
	COST 259, GRA

	Satellite signal zero level
	-135 dBm

	Mobile speed
	120 km/h

	Terrestial Doppler 
	Classical


Conclusions

GPS channel can be divided to satellite process and terrestrial process. Reliable A-GPS testing can be carried out only by utilizing realistic models for terrestrial process. In indoor environment it is clear that GPS signal experiences multipath propagation environment and testing in AWGN channel would give too optimistic results.
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