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1. Introduction

In the RAN4 AGPS conference call on August 5th clarifications were requested on Doppler frequency difference between LOS and multipath component in the AGPS multipath test case. This document provides background information on Doppler frequency difference and how it should be defined in the AGPS multipath test case.

The document also proposes a clarification to the multipath radio propagation condition in Case G1. A text proposal to TS25.171 is presented in Section 3.

2. Discussion

Due to moving satellites there is typically Doppler frequency difference between the line-of-sight and multipath signal. Doppler frequency difference occurs even for stationary users. Multipath propagation conditions for an AGPS receiver are discussed e.g. in [1] and [2]. 

Doppler frequency difference is modelled in the propagation of the AGPS multipath test case and it was selected to be 0.1 Hz. This seems to be a realistic value based on publications (e.g. [1] and [2]). Our field data also supports this value. In reality Doppler frequency difference varies over time as the geometry continuously changes but we believe that one constant Doppler frequency difference is appropriate for the performance verification purposes.  

A bit more realistic multipath model than a totally static model better ensures good receiver performance in real multipath environments and supports a development of receivers that can cancel the effect of realistic multipath interference.

2.1
Definition of the multipath propagation condition

This propagation condition defines the initial code phase delay, carrier and code Doppler difference, and power difference between LOS and multipath signals. Code Doppler difference is defined so that the nominal ratio of carrier frequency and chip rate is sustained also in the multipath signal. For GPS L1 C/A signal, this ratio is N = fL1/fchip, where fL1 = 1575.42 MHz, fchip = 1.023 MHz, and N = 1540.

The initial carrier phase difference between taps should be randomly selected between [0, 2] and the value should have uniform random distribution. In order to have a clear definition both for Carrier and Code Doppler frequency we propose that the radio propagation condition Case G1 is defined as follows:

Case G1

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

	0
	Fd
	Fd / N
	0

	0.5
	Fd - 0.1
	(Fd-0.1) / N
	-6

	Note Discrete Doppler frequency is used for each tap


3. Text Proposal to TS25.171 

C.2.2
Multi-path Case G1

Doppler frequency difference between direct and reflected signal paths is applied to the carrier and code frequencies. The Carrier and Code Doppler frequencies of LOS and multipath for GPS L1 signal are defined in Table X.
Table X: Case G1

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

	0
	Fd
	Fd / N
	0

	0.5
	Fd - 0.1
	(Fd-0.1) /N
	-6

	Note Discrete Doppler frequency is used for each tap


N = fGPSL1/fchip, where fGPSL1 is the nominal carrier frequency of the GPS L1 signal and fchip is the GPS L1 C/A code chip rate. 

The initial carrier phase difference between taps shall be randomly selected between [0, 2]. The initial value shall have uniform random distribution.
4. References 

[1] van Nee, D. J. R., Multipath effects on GPS code phase measurements, Proceedings of Institute of Navigation, GPS-91, 1991
[2] van Nee, D. J. R., Spread-Spectrum code and carrier synchronization errors caused by multipath and interference, IEEE Transactions on Aerospace and Electronic Systems,  Vol. 29 , No. 4 , 1993
































































3GPP


