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1 Introduction

To maximize the sensitivity of A-GPS receivers, it is required that information regarding the GPS time and the UE position are provided by UTRAN to the UE. The time assistance data should be accurate enough to align the code and doppler correlation search window over the correct portion of the correct code epoch of the received GPS signals. The required node B time stamping accuracy translates to an additional margin on the code and doppler correlation search window, adding to the size dictated by cell size. Further, the sensitivity of the A-GPS receiver is enhanced, and the computational complexity of the A-GPS receiver in the UE is reduced, when the size of the search window is reduced. On the other hand, the technical challenge on UTRAN is increased when the search window size is decreased since the time stamping in the Node B:s needs to be more accurate the smaller the search window margin shall be. 

There is a need to balance the requirements on the time stamping accuracy in the node B:s against the consequences on the UE. This contribution therefore provides initial information on the A-GPS sensitivity impact when the node B time stamping accuracy is varied. 

2 Sensitivity Analysis 

There appears to be at least two main effects of the accuracy of the time assistance provided to the UE by UTRAN.

First, time assistance accurate to a few microseconds clearly allows the UE to compensate for GPS bit edges, thereby allowing for coherent processing over much longer intervals than 20 ms. As compared to incoherent processing this results in a significantly enhanced UE sensitivity. It could be noted that this gain does not necessarily require time assistance accurate to a few us, significantly reduced accuracy does not deteriorate this gain. 

Secondly, when the number of code and doppler bins that need to be searched by the correlation processor is reduced due to a search window size reduction, it follows that  the false alarm probability of the search is also reduced. This is because each additional bin that is considered in the search represents a possibility for an erroneous decision. Contrary to the possibility to apply coherent processing, this latter effect is directly related to variations of the size of the search window at
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The main reason for this investigation is the A-GPS sensitivity impact of the correlation search window size, imposed by the required accuracy of the time assistance information provided by the node B:s. Clearly, this time assistance information must be accurate enough to align the search window over the correct portion of the correct code epoch of the received GPS signals. The size of the correlation search window can be estimated from the size of the cell, using the fact that one GPS chip corresponds to about 300 m. Hence an initial cell identity position in a rural cell with a 10 km radius positions the UE anywhere within 10 km:s and so a search window size of about 30 GPS chips seems to be needed to position the UE with A-GPS. Larger cells of course require larger search windows. Now, the time accuracy provided by UTRAN time assistance affects the window size by the need to add a margin to the search window, this margin being equal to the guaranteed maximum inaccuracy of the time assistance information. This margin has three main effects. First it increases the computational load of the UE somewhat. The computational requirements are expected to be directly proportional to the size of the search window for the small search window sizes that are at hand when acquisition assistance information is available. The increase of the search window size also reduces the sensitivity of the receiver, this is the effect that is investigated in this contribution. Finally, there is a node B impact in that a too high requirement on the inaccuracy is bound to drive node B costs, thereby making the best achievable performance of A-GPS less likely to be implemented by operators.

The simplified sensitivity analysis of the present contribution makes the following main assumptions:

· The GPS channel is AWGN.

· The reception is thermal noise limited, i.e. no SV interference is at hand (normal GPS assumption).

· The A-GPS receiver exploits the time assistance information for coherent correlation processing.

· The false alarm probability for correct detection of the considered SV is sufficiently low, typically better than 10%.

Using these assumptions it is straightforward to derive analytical mathematical expressions that, for a given probability of false alarm and receiver configuration, relates the correlation search window size to the required received ground signal power from a specific SV. Given two search window sizes, it is hence possible to calculate a corresponding difference in required ground signal power. This difference can be interpreted as an A-GPS receiver sensitivity difference, between the two considered window sizes. For convenience, mathematical details appear in the Annex.

3 Numerical results

It is assumed that a cell size of 10 km is at hand, i.e. the nominal correlation search window size is 30 GPS chips. Two values of the time accuracy are considered, namely 
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, corresponding to 5 and 10 GPS chips, respectively. Hence the search window sizes that are to be compared are 30+5+5=40 GPS chips and 30+10+10=50 GPS chips. The comparison is done for two main cases, these being correlation processing over 1 GPS bit (20 ms) and correlation processing over 50 GPS bits (1 s). The number of doppler bins in each case are estimated from the 0.1 ppm frequency bias value + movement margin according to conventional guidelines [1], using a (2/3)*1/(Processing time) model. The remaining parameters of the tables are conventional receiver parameters.

The parameters of the calculation appear in Table 1.

Table 1: Parameters of the calculation

	Parameter
	50 bit correlation length
	1 bit correlation length
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	1.38 e-23   J/K
	1.38 e-23   J/K
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	300 K
	300 K
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	2 MHz
	2 MHz
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	3 dB
	3 DB
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	50*2046 (2MHz sampling)
	2046 (2 MHz sampling)
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	Varied in plots
	Varied in Plots
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	40 GPS chips
	40 GPS chips
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	50 GPS chips
	50 GPS Chips
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	450 (clock frequency bias)
	6 (clock frequency bias)


The result of the assessment are displayed in Figure 1 and Figure 2.
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Figure 1: The sensitivity loss as a function of the false alarm rate when 50 GPS chips correlation window size is compared to 40 GPS chips correlation window size. 50 bit correlation length.
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Figure 2: The sensitivity loss as a function of the false alarm rate when 50 GPS chips correlation window size is compared to 40 GPS chips correlation window size. 1 bit correlation length

It can be seen that for reasonable overall false alarm rates below 0.1, the sensitivity loss is less than 0.1 dB in both considered cases. This means that the sensitivity loss by going from 
[image: image13.wmf]5

m

s

 to 
[image: image14.wmf]10

m

s

 node B time stamping accuracy is negligible. The main effect seems to be a UE correlation search complexity increase of about 20%.

4 Conclusion

The contribution has presented a simplified and initial analysis of the effect of the node B time assistance accuracy on A-GPS receiver sensitivity. The results indicate that the sensitivity loss when the search window size is increased from 40 GPS chips (
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 node B time accuracy)  to 50 GPS chips (
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 node B accuracy),  is less than a negligible 0.1 dB for rural cells.  

Therefore Ericsson propose to change the fine time accuracy testcase so that the reference time has +/- 10us inaccuracy instead of +/- 5us.

5 References
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6 Annex: Mathematical details

This initial assessment of the sensitivity impact the GPS assumes that the channel is AWGN, and that the sensitivity is thermal noise limited, i.e. SV interference is not considered. After coherent correlation processing the correlation function 
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 is then obtained for each SV
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where 
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equals the correlation time, 
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equals the received ground signal power and where
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Here 
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 denotes the receiver noise figure, 
[image: image23.wmf]k

denotes Bolzmanns constant, 
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denotes the receiver temperature and 
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the bandwidth. 

The assessment is then limited to situations where the probability of false alarm for the detection of the correct bin, 
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, is relatively low. It then follows that the noise 
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 (for a single bin) is small as compared to 
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. After square detection the result is hence
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A false alarm now occurs when at least one of the false bins result in a squared correlation value that is larger than 
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, a fact that results in the following expression for the false alarm risk
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The code and doppler search window is hence assumed to consist of 
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 bins in total.

It is now possible to relate the size of the search window and the received ground signal power to a resulting false alarm rate. Equivalently, a given false alarm rate and search window size result in a certain requirement for the received ground signal power. It is hence possible to compare two search window sizes and assess the corresponding difference in required received ground signal power, leaving all other quantities constant. The difference in required ground signal power is exactly the sensitivity difference sought. Straightforward calculations give
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