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Introduction

One cannot imagine the modern life of nowadays without GPS  (geographical positioning system).  GPS comprises 24 satellites orbiting 20,000 km above the earth to make sure that a receiver at any location on the earth surface always receives the coded signal pulse from 4 satellites, so that the location and time of the receiver can be determined. Four numbers suffice to solve a system of four equations to determine four unknowns. 

The reality is however, not as straightforward as the solution of the system of equations. However, the GPS would not be able to provide the accuracy of one meter or 1.e-13 seconds, without taking into account the relativistic effect that the space-time act on the satellite-earth system. 

· A satellite speed of average 4 km/second causes the atomic clock on board to slow down 1.e-10 per second: relativistic time dilation.

· A satellite orbit is typically elliptical, hence its speed changes following Kepler’s law. Therefore the relativistic time dilation varies throughout the orbit.

· At a height of 20,000 km a clock on board a GPS satellite runs faster than an identical clock on ground by 5/1.e+10: gravitational time dilation.  

· The gravitational time dilation varies throughout the orbit of the satellite, as a result of its location within Earth’s  gravitational field.

· Rotation of the satellite causes another time dilation (Sagnac effect)

· The US atomic standard clock (1 micros/year) is kept at Boulder, 1650 meter above the sea level, whereas the Royal Greenwich Obsevatory is roughly at sea level: the clock at Boulder gains 5 microseconds per year over the clock at Grenwich due to the  general relativity.

· ….etc.

The incorporation of all these effects into the algorithm within the GPS  has to follow the principle based on special and general relativity. There is not a simpler way to estimate the error.   Otherwise the resulting time of the GPS receiver will be wrong. 

[This year is  the celebration of the 100 year anniversary of the publication of the  special  theory of relativity by Albert Einstein] 

In MBWA we are encountering a similar situation in determining the maximum capable C/I of a receiver. Here we need to capture the impact of various  noises in the receiver in a proper way:

We need to take into account of different noises occur in the receiver, in order to achieve a proper evaluation of the receiver, and thereafter of the system. For this purpose,  a method is required to adequately incorporate different sources of the noises to compute the noise figure of the receiver. Using a common methodology, one can determine the maximum C/I that a receiver is capable of.    Without a reliable value for maximum C/I, we would not be  able to have a  fair and straight forward comparison of the evaluation results of different proposals. A reliable value of C/I can be achieved for every proposal if we all follow the same procedure of its determination. One of such procedures is eluded in [1].

Based on  the comments from San Antonio Meeting and the Conference Call of 12/21/2004, this contribution highlights the essence of [1] and proposes the corresponding text for the Evaluation Criteria Document as the follows:

Proposed Text  -------------------------------------------------------------------------

3.4. Methodology for the Noise Characterization
Additive noises received by the mobile receiver have various sources.  They can be characterized in two classes: exterior noises and interior noises. For the evaluation of the performance of a given system, the exterior noises can be assumed  to be known. The interior noise, which is generated within the receiver, depends on the specifics of the system design, and, as such, requires separate description.  The interior noise can be further decomposed into analog noise and digital noise. While the analog noise comprises shot noise and the thermal noise, the digital noise includes noise caused by the digital processing of the received signal.   The scenario is described in the following figure, where 
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 denote the symbol power and noise power, respectively, at discrete time k:


To capture the interior noise it is important that a common approach be introduced, so that the specific methods used to determine the digital noise can be examined and numbers generated by the methods be compared, when a comparison is applicable. For this purpose, the method of noise figure is used to characterize the interior noises. This method allows for decomposition of the interior noise into further detailed modular components, so that the details of each component can be described and evaluated properly and the noise figure of the entire system can be computed based on the noise figures  of  all components.     

By the method of noise figure, a system is decomposed into concatenated sub-systems, each corresponding to a given noise source that is either physically identifiable or mathematically necessary.  The noise  power 
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 of each sub-system is given according to the design specific parameters and, when applicable, applied algorithms, where the index   
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 denotes a sub-system  for 
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. The corresponding noise figure of this sub-system is defined by

Equation 1: Noise Figure and Noise Power
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where No and 
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 refer to the input noise (exterior noise) power and the power gain of the receiver subsystem i,  respectively.  Then, the noise figure of a system consisting of  
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 concatenated subsystems can be determined by: 

Equation 2: Noise figure of a system consisting of n sub-systems              
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using the same parameters of the sub-systems.

Within the framework of noise figure, the proponents can use a table itemizing the noise figures of each components of the designed system. An example of such a table is provided by Table 1. The quantities in the columns under 
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 or in the column under 
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 can be used, for instance, to determine the maximum achievable C/I, the carrier-to-noise ratio, of the receiver. The maximum achievable C/I is important for the evaluation of the temporary SNR of the receiver, in both link level and system level simulation.   

	Physical Meaning (i)
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	Assumptions
	Derivations

	e.g. 

quantization noise
	
	
	
	

	e.g. 

adjacent channel interference
	
	
	
	

	e.g.  

front-end filtering loss 
	
	
	
	

	e.g. 

realistic channel estimation
	
	
	
	

	….
	
	
	
	

	e.g.

Thermal noise
	
	
	
	


Table 2: template for the receiver noises                              
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