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1. Introduction

The ubiquitous multipath is one of the main error source that might prominently reduce the location precision of AGPS. The multipath induced TOA excess delay error is different from other error source, such as the ionosphere induced TOA excess delay error, in that it can’t be eliminated by difference method.  To insure GPS/AGPS’s positioning precision under multipath environment, some multipath mitigation techniques[1][2][3][4][5] , have emerged in the literature and in the applications. And some basic multipath mitigation techniques have been primarily supported by 3gpp relevant specification[6]. 

From the very begenning of AGPS minimum performance specification development, the multipath related test and satellite channel model have been emphasised[7]. Ever since, methods of multipath environment classification[8] and cases[9] for Mutipath test have been discussed in TSG-RAN4.

To insure positioning precision fulfilling FCC’s requirement, there will be more and more positioning receivers to adopt multipath mitigation techniques. Taking such a trend into consideration, and for the sake of verifying multipath mitigation related technique, a satellite multipath channel model should not only precisely embody the excess delays of the detectable paths, but also precisely embody the information for mutipath induced excess delay estimation. If a satellite multipath channel model can only embody the excess delays of the detectable paths, like what the T1P1.5 model[10]does, the AGPS receivers with mutipath mitigation algorithm will failed to perform properly on such a model for lack of the information the mutipath induced excess delay estimation is based on. Under such a channel model, the AGPS receivers capable of multipath mitigation, which usually have superior performance in the lively environment to the ones incapable of multipath mitigation, will even perform worse. 

The purpose of this proposal is to urge the work in RAN4 to construct a satellite multipath channel model that can precisely embody both the excess delays of the detectable paths and  the information for mutipath induced excess delay estimation. With such a model, the performance of AGPS receivers, with and without multipath mitigation capability, can be evaluated comprehensively and fairly. And further, such a channel model will promote the development and application of mutipath mitigation technique. 

2 Multipath channel discussion

2.1 Channel classification 

A path comprises a lot of sub-paths fallen into the system’s minimum discriminable range. According to the propagation manners and their relative values of the sub-paths in the first detectable path, the channel may be classified as follows:

1) LOS channel
 Line of sight propagation exist. And the wave front power is much greater than the reflected sub-path power that fallen into the system’s minimum discriminable range beginning from the wave front arriving point.
2) A-LOS (Attenuated LOS) channel
Line of sight propagation exist. But, for the attenuations caused by the obstacles, such as the foliage, existing on the line between the transmitter and the receiver ,  the wave front power is attenuated to the value equivalent to the reflected sub-path power that fallen into the system’s minimum discriminable range beginning from the wave front arriving point.

3)QUASI-LOS channel
No Line of sight propagation exist. The earliest sub-path in first path is arriving by diffraction propagation. And the diffracted wave front power is attenuated to the value that larger than or equivalent to the reflected sub-path power that fallen into the system’s minimum discriminable range beginning from the diffracted wave front arriving point.

4)NLOS channel
No Line of sight propagation exist. Only reflection propagation exist. The reflected wave front power is attenuated to the value equivalent to the other reflected sub-path power that fallen into the system’s minimum discriminable range beginning from the reflected wave front arriving point.

The above classification method to multipath channel is helpful to reveal the mechanism of TOA excess delay error. 

2.2  The mechanism and information for TOA excess delay estimation

The mechanism for sub-path to induce TOA excess delay of a path, and the information that might be used in TOA excess delay error estimation are listed in table 1.
Table 1 mechanism of excess delay and information for excess delay estimation under different channel 

	Channel Type
	Mechanism of TOA excess delay error 
	Some Information might be used for TOA delay  error estimation

	LOS channel
	reflected sub-path power that fallen into the system’s minimum discriminable range cause a correlation-pulse-centroid lag relative to the wave front’s correlation peak.  
	The shape of the first path(first detectable correlation   peak) ,such as the peak-width, the peak-symmetry, the peak- centroid position 

	A-LOS

(Attenuated

LOS)
	reflected sub-path power that fallen into the system’s minimum discriminable range cause a correlation-pulse-centroid lag relative to the wave front’s correlation peak.  
	The shape of the first path(first detectable correlation   pulse) ,such as the width, the centroid position of the correlation out put

	QUASI-LOS
	Excess propagation time induced by diffraction plus the correlation-pulse- centroid lag  induced by reflected sub-paths
	The time interval among the first path and the following paths 

	NLOS
	Excess propagation time induced by scatter - centroid plus the correlation-pulse-centroid lag  induced by reflected sub-paths
	The time interval among the first path and the following paths


2.3  The information for channel recognition

For different channel types discussed in section 2.1, the mechanism for the sub-path to induce TOA excess delay error to the path is generally different. So different TOA excess delay error estimation methods should be adopted adaptively to different channel types, in this wave a good estimation quality can be insured. To do so, the channel recognition methods will be inevitably involved in the multipath mitigation preocess.
Some of the basic information for channel recognition might be : 
1)the Rice factor
2) the satellite signal’s SIR
3) the relative received power between different satellite signal
4) the deviation of the first detectable path, the deviation of the paths in a power delay profile.

A valid multipath channel model for AGPS performance test should precisely embody the basic information for channel recognition,

2.4 The elevation angles and the channel occurrence probability
All the four types of multipath channel discussed in section 2.1 of this document may appear with different probability in different propagation environment  ( such as the Urban, rural etc) at different elevation angle. The occurence probability of one definite multipath channel type will change with different propagation environment (such as the hypsography , the building altitude, the building interval, the vegitation etc),and with different satellite elevation angles, For example, keeping the elevation angle at 25 degrees, as the AGPS receiver moving from rural to suburban and to urban, the occurrence probability of LOS channel will decrease and, the occurrence probability of NLOS channel will increase(This conclusion may be educed out from [11] table C1).

The occurrence probability of a specific channel type and the correlation (or conditional probability function ) between the occurrence of different channel type under a specific environment,  are key parameters for representative statistical  GPS satellite channel model construction. In the literature [11][13][14][15], some related parameters and methods, such as the Rice factor[11], the shadowing factor[11][14][15], the azimuth correlation of shadowing[13], the dependence of two satellite channels[14] and two states channel model[15] have been discussed. These can be taken as the basis to the construction of  a representative statistical  GPS satellite channel model for AGPS performance test.
Remark: The channel model used in [12] is rather a pencil sketch of a definite propagation environment, not a representative statistical channel model to one  typical sort of propagation environment.
3 Proposal
According to the above discussion on multipath mitigation and the information for TOA excess delay estimation, The following iterm is  proposed:

1) The satellite channel model for AGPS test should precisely embody the information for TOA excess delay estimation. The information might be the shape of the correlation-peak-width, the correlation-peak-symmetry, the correlation-peak- centroid position, the time interval among the first path and the following paths, etc;
2) The satellite channel model for AGPS test should precisely embody the information for channel recognition. The information might be the Rice factor, the deviation of the first detectable path, the deviation of the paths in a power delay profile, etc;
3) The satellite channel model for AGPS test should be a representative statistical channel model for each one  typical sort of propagation environment. To do so, one  way is to make some extension to the existing satellite channel model construction methods, for example, extending the number of channel state discussed in [15] to the number of  channel types discussed in section 2.1, and extending the number of correlated channel discussed in [14] to the number of satellites used in the positioning.
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