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1 Introduction

The minimum performance specifications for an A-GPS receiver are being formulated [2, 3].  

In a previous contribution [1] we looked at the characteristic distributions of GPS signals likely to be received by mobile phone users in difficult, indoor environments, and arising from these measurements suggested realistic scenarios that could be used for testing (‘benchmarking’) A-GPS performance.

This gave rise to some discussion in the November meeting in San Diego, as to whether the performance of a GPS receiver can ‘best’ be described by

1. ‘Benchmarking’ performance in typical scenarios (discussed in [1] and [4]), or by

2. Setting requirements for ‘fundamental’ performance characteristics (the starting point taken by [2])

The different types of specification, and their possible role in the user experience, are discussed in [5].

In response to this interest and following on from the experience and results reported in [1] this document explores possible ‘fundamental’ performance parameters for an A-GPS receiver, parameters which have an important influence on practical performance.   The parameters explored are:

· the number of satellite signals required to perform a fix

· the weakest satellite signal usable to perform a fix  

· the weakest signal usable for finding GPS time 

The performance impact of these is analysed, using the experimental data and resulting statistics for the difficult, indoor, scenarios from [1].  This is taken for the purposes of this study as being representative of the environments that most stress an A-GPS receiver.  The objective, to be achieved by the ‘best’ approach, should be that devices passing the specifications should give consistent performance in practice.  

The investigation shows that

· The number of satellite signals required to perform a fix is a key performance parameter, with a very strong influence on the expected performance in practice.  

· The specification for the weakest satellite signal that the receiver is able to use to perform a fix also has a very strong influence on performance, with excellent sensitivity necessary to achieve high performance.  

· To avoid degradation of performance the weakest signal usable for finding GPS should be better than a certain threshold.

From these performance relationships we then explore a set of specifications that would be appropriate with different numbers of GPS signals to test these ‘fundamental’ parameters, as a possible alternative to benchmarking in a typical scenario. 
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2 A-GPS Performance Parameters

As mentioned in the introduction, we identify and distinguish between aspects of performance that the user (or network operator) experiences, and technical equipment parameters that lead to this.

2.1 User observable performance parameters

We identify the user-observable performance parameters as

· Availability of a fix

· Accuracy of fix

· Time taken to produce fix…maybe mention this is not considered in this study

These will be experienced under a set of conditions [5] including

· Assistance available (from an assistance source such as the network, or from a previous fix calculation)

· GPS timing, accurate or coarse

· Information on the relative location of terminal and satellites

· Information on the signal transmitted by the satellites

· The GPS signal environment 

· Power distributions for the constellation of satellites visible (rural, suburban, urban, indoor…)

· Multipath conditions for the received satellite signals

· User dynamics (stationary, moving, accelerating)

There is a trade-off which can be made between these user-observable performance parameters – for example between the time to fix, and the availability, and accuracy.

Also the user-observable performance requirements will be different for different sets of conditions – for example the accuracy of an outdoor rural fix may be more accurate than indoor urban one. 

2.2 Technical performance parameters

Next we establish the technical performance parameters of an A-GPS receiver which affect the user-observable performance parameters.  These appear to be the following – discussed in more detail in the following sections:

· Number of satellite signals required to perform a fix (F)

· Weakest satellite signal usable to perform a fix  (Si) 

· Weakest signal usable for finding GPS time (S1) 

2.2.1 Number of satellite signals required to perform a fix

The number of satellite signals required to perform a fix (F) affects the availability – particularly in a difficult, indoor environment in which there are few signals available with modest signal strength [1].  However it also has an impact on the accuracy, as if extra satellite signals compared to the minimum are in fact receivable then the accuracy and fix robustness improves [1, figure2].

In many systems signals from four satellites are required to perform a fix (F=4), but this can be reduced to three (F=3), for example if altitude information is available.  This assistance information can then be used to reduce the degrees of freedom and hence the number of satellite measurements needed to obtain a GPS fix.

2.2.2 Weakest satellite signal usable to perform a fix

The weakest satellite signal that is usable to perform a fix, (Si) will generally correspond to the minimum detectable signal, or loosely speaking the sensitivity of the receiver.  It is important as if the GPS receiver can use weak signals, then it has greater chance of being able to find the number of satellite signals that it requires, and hence will be able to achieve better availability.  Again also, the more satellite signals that can be received, then the better the accuracy ([1]).  

In more detail, for a particular GPS receiver and signal processing the GPS signal that is detectable could vary depending on whether it is the strongest, second strongest, third strongest and in general ith signal to be found.  Hence we adopt in this study the terminology Si.  

2.2.3 Weakest signal usable for finding GPS time

The receiver may well need to find a satellite signal in order to synchronise to GPS time, if this is not provided either by accurate timing assistance from the infrastructure or as a result of a previous measurement, in which case the processing may already be sufficiently synchronised.

In this case synchronisation to a satellite signal will normally be achieved by synchronising to the strongest available GPS signal.  The weaker the signal that can be used for this then the better the availability.  The specification for the weakest level of the strongest signal that the receiver and processor is able to find and use for synchronisation we term here (S1).

2.3 Performance parameters to be specified

As will have already been seen, these technical performance parameters depend on and should be added to the ability to use assistance:

· GPS time handling (faster fix specifications for a “hot” start and if accurate timing assistance) 

· Position information handling  (normally included in the assistance assumptions)

and to handle appropriate environmental conditions

· Likely distributions of GPS signal strengths 

· Robustness to multipath effects

· Robustness to motion effects

There is work to be done looking into all of these – we will focus in this study on the technical performance specifications related to the user-observed performance in difficult indoor environments, leaving on one side for the moment multipath, motion, and other effects.

We will therefore try and establish specifications for the technical and user-observable parameters: 

· Number of satellite signals required to perform a fix

· Weakest satellite signal usable to perform a fix

· Weakest signal usable for finding GPS time 

· Time to fix

· Accuracy of fix

· GPS time handling (faster fix specifications if accurate timing assistance)

in order to give consistent user-observable performance in practice with the likely distributions of GPS signal strengths experienced in indoor environments.

Estimating the expected performance in the environment 

We start the task of estimating the expected performance by setting up an environment, and establish a rough method of estimating the impact on the user-observable performance of availability and accuracy of the various technical parameters, which we can then use to generate some results.

2.4 Environment assumption

We will model the requirement for this specification as to give consistent performance in the indoor environment.  Setting up such an environment for comparison is of necessity somewhat arbitrary, but should provide a plausible starting point.  It is usefully illustrative, though of course could be improved upon with more data.  

We set up a statistical environment (E) in which we want to achieve consistent performance, with a range for the strongest GPS signal level received (L1) from -130dBm down to -139dBm, and weaker GPS signals according to the results of [1].  We have taken a uniform distribution of strongest signals across this range for simplicity – the actual distribution will depend on the likelihood of calls being made from regions where the GPS signal experiences greater or less attenuation.  

For deep indoor scenarios in which the strongest GPS signal is -140dBm and below a further range could certainly be investigated, but this is dealing with very weak GPS signals, and is beyond the scope of this initial study.  As will be seen, it is already a challenge for GPS to provide a high level of availability to the indoor scenario environment studied here.

	GPS Signal
	Distribution

	Strongest signal
	Pr(L1|E)
	-130 to -139dBm
Equally distributed in 10 

1dB steps across the range 

	2nd strongest signal
	Pr(L2|L1)
	≤ Strongest signal, difference
distributed according to table 2 

	3rd strongest signal
	Pr(L3|L1)
	≤ Strongest signal, difference
distributed according to table 2 

	4th strongest signal
	Pr(L4|L1)
	≤ Strongest signal, difference
distributed according to table 2 

	5th strongest signal
	Pr(L5|L1)
	≤ Strongest signal, difference
distributed according to table 2 

	6th strongest signal
	Pr(L6|L1)
	≤ Strongest signal, difference
distributed according to table 2 

	7th strongest signal
	Pr(L7|L1)
	≤ Strongest signal, difference
distributed according to table 2 

	8th strongest signal
	Pr(L8|L1)
	≤ Strongest signal, difference
distributed according to table 2 


Table 1.  Target “indoor” statistical environment studied

The distribution of GPS signal levels for weaker signals was found in the study [1] to be well described as a distribution for the signal level relative to the strongest signal.  The experimental results presented in [1, figures 3 and 4] to which the reader is referred for backround information.  The results from [1, figure 3] are tabulated in table 2 and used for modelling the expected scenarios in which consistent performance is desired.

[image: image1.emf]dB relative GPS signal rank

to strongest 1st 2nd 3rd 4th 5th 6th 7th 8th

0 100% 11% 1% 0% 0% 0% 0% 0%

-1 0% 21% 5% 0% 0% 0% 0% 0%

-2 0% 17% 11% 1% 1% 0% 0% 0%

-3 0% 13% 11% 3% 0% 1% 0% 0%

-4 0% 11% 8% 1% 1% 0% 0% 0%

-5 0% 4% 16% 6% 2% 1% 0% 0%

-6 0% 8% 11% 5% 3% 1% 0% 0%

-7 0% 5% 8% 15% 7% 1% 1% 0%

-8 0% 3% 7% 10% 3% 3% 1% 0%

-9 0% 2% 2% 8% 8% 5% 3% 1%

-10 0% 2% 2% 7% 7% 3% 1% 1%

-11 0% 1% 5% 6% 3% 5% 1% 1%

-12 0% 1% 2% 5% 4% 3% 5% 1%

-13 0% 1% 3% 7% 6% 5% 5% 5%

-14 0% 0% 2% 1% 6% 5% 4% 2%

-15 0% 0% 5% 7% 5% 6% 3% 2%

-16 0% 0% 1% 5% 4% 5% 3% 2%

-17 0% 0% 1% 1% 3% 4% 1% 1%

-18 0% 0% 1% 3% 5% 3% 1% 0%

-19 0% 0% 0% 2% 5% 2% 3% 1%

-20 0% 0% 0% 0% 2% 3% 1% 1%

-21 0% 0% 0% 0% 5% 2% 1% 1%

-22 0% 0% 0% 1% 2% 1% 1% 1%

-23 0% 0% 0% 0% 1% 2% 1% 0%

-24 0% 0% 0% 0% 2% 3% 1% 1%

-25 0% 0% 0% 0% 0% 1% 2% 0%

Total 100% 100% 100% 95% 86% 65% 37% 19%


Table 2  Distribution of the GPS signal level relative to the strongest signal, indoor environment, Pr(Lj|L1)

2.5 The detection of GPS signals

In general, the ith strongest signal will be received if its signal level Li is greater than the sensitivity limit Si of the GPS receiver for the ith strongest signal.  

In fact of course the detection of a signal in noise is probabilistic, with signals sometimes being detected at levels below that at which detection is “guaranteed”.  For simplicity in this study we assume a linear relationship of detection probability for the ith strongest signal di, over a range, R, as illustrated in figure 1.
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Figure 1;  The assumed detection probability for a single GPS signal EQ 
We have set R=5dB, as an initial approximation.  Signals at Si will always be detected, signals at (Si-R) will never be detected, and signals at (Si-½R) will be detected 50% of the time.  The inclusion of this parameter is important, but the actual value used should not be critical. 

2.6 Detection of more than one GPS signal

We are interested in the likelihood of obtaining a fix (the availability), and the accuracy obtained.  For this we need to know how likely it is that we will detect different numbers of GPS signals.  

If F satellites need to be received by the A-GPS system to calculate a fix then the likelihood of obtaining a position fix is the probability that (at least) the strongest F satellite signals are received and detected.  

(This is not strictly true – the situation could arise that one of the strongest F signals is not detected, but that one of the weaker signals is, making up the necessary F signals.  However in practical environments in which signals are normally successively weaker this situation appears unlikely.)

Then the probability of a successful fix for a given set of GPS signal levels L
Pr(≥ F signals |L)  =  d1 × d2 × … × dF
The accuracy is improved as more than F signals are received [1, figure 2], so the likelihood of receiving exactly a specific number of GPS signals g from a set is also of interest.  For g and only g GPS signals to be received then all those up to the g th are detected and the (g +1)th strongest signal is not detected.  This then gives, for a given set of GPS signal levels L 

Pr(g signals |L)  =  d1 × d2 × … × dg  × (1- dg+1)

2.7 Estimation of overall availability performance

We can now bring together the probability of detection of signals with the assumed environment, in order to get a feel for the performance to be expected.

This is done by applying the detection probability to the scenario distributions of the various combinations of GPS signal levels experienced in the environment:

Pr(≥ F signals |E) = ∑ Pr(≥ F signals |L) × Pr(L|E)

Or more explicitly, taking into account the distribution of weaker and strongest signals set up in tables 1 and 2,

Pr(≥ F signals |E) = ∑∑ Pr(≥ F signals |Li) × Pr(Li| L1) × Pr(L1|E)

where 

Pr(≥ F signals |Li)  =  d1 × d2 × … × di

and the detection probabilities dj are according to the signal level Lj, sensitivity Sj and detector range R, as in figure 1.

This takes into account then the distribution of signal levels, for the strongest and the weaker signals, and the detection probability for a particular GPS signal between 0-100%.

2.8 Estimation of overall accuracy performance

The above is all that is needed for estimating the likelihood of achieving a position fix.  However we can take a step further and estimate the accuracy obtained in the event of a fix, by recognising the experience [1, figure 2] that this is strongly related to the number of satellites’ signals detected.

At very strong signal levels, with many satellites, the signal to noise ratio for the GPS signal is also important, but for weak indoor signals the number of satellites received is the key parameter in obtaining an accurate, reliable, position fix.  (In practice of course an improved sensitivity results in both the detection of more satellite signals and an improvement in the signal to noise ratio for the recovered signals.)

Following similar reasoning to section 4.4 the probability of a specific number of GPS signals g in the environment is given by

Pr(g signals |E) = ∑∑ Pr(g signals |Li) × Pr(Li| L1) × Pr(L1|E)

2.8.1 With three signals required for a fix

For the case of a system with F=3 we can take as an approximate measure of the relationship between accuracy and number of signals we can take the experimental results of [1, figure 2], which gives the experimental results on the likelihood of being within accuracy limits according to the number of signals received.  

Percentage points from these experimental results are tabulated in table 3:

	Accuracy

(F=3)
	Number of GPS satellites detected, g

	
	0
	1
	2
	3
	4
	5
	6
	7
	8

	 < 150m
	0%
	0%
	0%
	82%
	98%
	100%
	100%
	100%
	100%

	 < 50m
	0%
	0%
	0%
	36%
	78%
	88%
	94%
	97%
	100%


Table 3:  Accuracy performance achieved with increasing number of GPS signals detected, with 3 signals required for a position fix 

2.8.2 With four signals required for a fix

We do not have results available on the performance with systems that require a minimum of 4 satellites to produce a fix.  

Such systems, for example, do not choose to use altitude assistance information, and therefore require more satellites to resolve the greater number of degrees of freedom in the solution.  As an initial assumption it therefore seems reasonable to suppose that the performance will be qualitatively similar to that for 3 satellites, once the additional satellite signal required for the fix is taken into account.  

In other words that the accuracy in these environments is strongly influenced by the number of GPS satellite signals detected beyond the minimum required to obtain a position fix, (g-F).

This leads us to suppose that the performance for a system designed to produce a fix with a minimum of four satellites would have the accuracy characteristics in table 4:

	Accuracy

(F=4)
	Number of GPS satellites detected, g

	
	0
	1
	2
	3
	4
	5
	6
	7
	8

	 < 150m
	0%
	0%
	0%
	0%
	82%
	98%
	100%
	100%
	100%

	 < 50m
	0%
	0%
	0%
	0%
	36%
	78%
	88%
	94%
	97%


Table 4:  Estimated accuracy performance achieved with increasing number of GPS signals detected, with 4 signals required for a position fix

Experimental results to produce a better estimate for the variation of accuracy with the number of satellites would be welcome, but from the experience gathered to date this performance is likely to be qualitatively representative, and indicative of the broad shape of A-GPS system performance.

Results of estimating performance

The data and approach of the previous section now allow us to assess the availability and estimate the accuracy for the indoor environment, for various technical performance parameters.

Using the equations and experimental data from section 4 we then compute the results for the user-observable performance of an A-GPS receiver, 

· the availability – the probability of fix

· the accuracy – the probabilities of achieving a fix better than 150m, and better than 50m.  

We start with the basic variation with the technical performance specifications for

· the number of satellites required to produce a fix, F 

· and the minimum GPS signal usable, Si
and then look at the effect of the specification for 

· the minimum GPS signal usable for GPS time synchronisation  S1
2.9 Variation with F, Si
Figure 2 shows two sets of curves of the expected performance for a receiver system needing 3 signals for a position fix, and for a receiver system needing 4 GPS signals. 
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Figure 2:  The estimated overall performance of an A-GPS receiver in indoors environments

The assumptions on parameter values for these results, figure 2, are:

· Detector range parameter R = 5dB 

· Indoor environment as in table 1, with the strongest signal between -130 and -139dBm

· Number of satellites available, 8

· The accuracy is mainly related to the number of satellites received, less the number required to perform a fix (i.e. g-F)

· Weakest signal usable for finding GPS time S1 is equal to the minimum signal usable for a fix, Si, or accurate time assistance provided.


As expected, the availability (the chance of being able to calculate a position fix) increases strongly as the specification for the minimum usable GPS signal Si improves, though to achieve a high availability an excellent sensitivity is needed.

However the most striking conclusion from these results are that a system requiring three satellite signals to produce a fix offers much better performance in practice than a system needing four satellite signals.  So an A-GPS receiver and processor system with F=4 needs around 5dB better minimum usable GPS signal Si in order to provide a similar performance to a system with F=3. 

The likelihood of achieving a fix with an accuracy of within 150m and within 50m is also indicated in figure 2, as a percentage of fix requests.  It is encouraging that if a fix is produced, then it is likely to be accurate.  This is illustrated further in figure 3, where the proportion of achieved fixes within 150m and within 50m is plotted as a function of minimum usable GPS signal Si
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Figure 3;  Accuracy of achieved position fixes. 

A very high proportion of fixes achieved can be expected to have an accuracy of within 150m, and most within 50m – the latter performance improving strongly as the specification for the minimum usable GPS signal improves.  Again, a receiver only needing three signals to produce a fix performs better than one needing four signals, the difference corresponding some 4 to 5dB in sensitivity, Si 

2.10 Variation with S1
The level of the minimum signal usable for finding GPS time has an effect on the probability of successfully being able to calculate a fix – if a fix is achieved then the accuracy results are as before.  The effect is shown in figure 4, for different values of S1.  

[image: image5.emf]0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

-156 -154 -152 -150 -148 -146 -144 -142 -140

Minimum usable GPS signal (S

i

), dBm

Percentage of fix attempts

S1=-140dBm,

fix >= 3 signals 

S1=-138dBm,

fix, >= 3 signals 

S1=-137dBm,

fix, >= 3 signals

S1=-136dBm,

fix, >= 3 signals

S1=-140dBm,

fix, >= 4 signals

S1=-138dBm,

fix, >= 4 signals

S1=-137dBm,

fix, >= 4 signals

S1=-136dBm,

fix, >= 4 signals


Figure 4;  Variation of expected performance with the minimum signal usable for finding GPS time S1
For most of the range experienced in this environment, with likely levels of performance with minimum usable signals of around -147dBm, then there is little effect on the availability as long as the specification for the minimum signal usable for finding GPS time is better than -137dBm.

At the highest levels of performance, with excellent sensitivity Si of better than -150dBm giving potentially 95% availability then a higher performance specification for S1 is needed, -138dBm.  

It is perhaps surprising that this parameter is having such little effect, after all, it is reducing somewhat the likelihood of achieving a fix with sets of GPS signals in which the strongest is at levels of -138dBm and 
-139dBm.  However these signals are likely to be accompanied by weaker second, third and successive GPS signals, which are in any case unlikely to be detected unless the specification for the minimum usable GPS signal is excellent.  Si is the dominant parameter, in practice.
3 Discussion of results

It is perhaps disappointing that the performance in these indoor environments is not better.  This is however the nature of GPS, with only rather few signals available indoors, of decreasingly small signal strength.  This was seen and discussed in [1]. 

The use of accurate time assistance in order to improve the performance that can be achieved is discussed below. 

The good news though is that if a fix is achieved, then the accuracy of the fix can still be rather good.

Regarding the user-observable and technical performance parameters this investigation and results show the following:

3.1 Number of signals required (F)  

The results show that the number of signals that are required by the receiver/processor system (F) to produce a fix is a key technical performance parameter.  It has a very strong impact on the availability of a fix in practice;  as has been mentioned, this is because the fewer signals that are needed for a fix, then the greater the likelihood that this number of signals will be present and be able to be received.  

Also for any given number of satellite signals being received, the accuracy is greater if fewer signals are necessary for performing the fix – the fix estimation task is more over-defined, with more degrees of freedom than constraints, and so the fix can be estimated with greater accuracy. 


3.2 Minimum usable GPS signal (Si)  

As expected, the minimum usable GPS signal (Si) has a strong role on the availability and accuracy that can be expected to be achieved in practice.  However what is perhaps surprising at first sight is that the minimum usable GPS signal should be substantially less than -139dBm – even down to -150dBm and better – in order to get really high availability and accuracy performance for these scenarios.

The reason, of course, is that as observed in [1] the second, third and subsequent GPS signals are likely to be weaker than the strongest signal, and so to get good user-observable performance in these environments in practice a good minimum usable GPS signal performance is necessary.


3.3 Minimum signal usable for GPS synchronsiation (S1)  

This has been found to have a mild impact on the availability.  An acceptable limit for the parameter will vary according to the level of observable performance being aimed for, but with this example and with 4 signals required for a fix and -147dBm minimum usable signal [7] then the degradation of performance with a minimum signal usable for finding GPS time of -137dBm would be perfectly acceptable.

3.4 Implications for accurate time assistance

In the light of this conclusion, the question arises “what is the benefit then, of providing accurate timing assistance, which would dispense with the need for looking for a signal to find GPS time?”  If a minimum signal usable for finding GPS time of -137dBm is no problem from the availability point of view, what then is the benefit of being able to sidestep the need for this signal?

The answer is that the provision of accurate time assistance saves the receiver processing the effort and time needed to find this GPS signal and perform synchronisation.  This saving can simply reduce the time to fix, which may be appreciated by the user.  This is reflected in [6].  However in more difficult environments the time and processing can also instead be used to find weaker or more usable GPS signals, which can improve the availability and accuracy substantially, as has been seen from figure 2.

3.5 An example consistent set of performance parameters

By way of illustration a set of scenarios are gathered together in table 4, taken from the curves of section 5, all of which have closely similar practical performance in the environment.  

As a starting point we have taken the 3GPP2 sensitivity specification point, four signals at -147dBm [7].  The other scenarios are then chosen with technical parameter sets that give closely similar observable performance.

	Technical performance parameters
	Number of signals required for fix, F
	3
	4

	
	Weakest signal usable to perform a fix, Si
	-142dBm
	-147dBm

	
	Weakest signal usable for finding GPS time, S1
	≤-140dBm
	-137dBm
	≤-140dBm
	-137dBm

	User observable performance parameters
	Probability of obtaining a fix (availability)
	72%
	70%
	72%
	69%

	
	Probability of obtaining a fix accurate 
to within 150m
	66%
	64%
	66%
	64%

	
	Probability of obtaining a fix accurate 
to within 50m
	44%
	43%
	43%
	43%

	
	Proportion of fixes accurate within 150m
	91%
	91%
	91%
	92%

	
	Proportion of fixes accurate within 50m
	67%
	67%
	68%
	68%


Table 4;  illustrative set of performance parameters giving similar overall A-GPS performance indoors

This shows that a set of technical performance parameter combinations are appropriate for defining consistent observed performance.  The columns for different S1 , better than ≤-140dBm and -137dBm, correspond respectively to the cases when accurate GPS time is available, and when synchronisation is required. 

4 Specification Implications

The results of this study have the following implications for an approach based on testing the technical (‘fundamental’) parameters of an A-GPS receiver.

4.1 Technical performance parameter specifications required

This study shows that to achieve consistent performance in practice for the user-observable performance parameters

· availability of a fix

· accuracy of fix

we should specify the technical performance parameters for combinations of

· number of satellite signals required to perform a fix

· weakest satellite signal usable to perform a fix

· weakest signal usable for finding GPS time 

It has shown that the number of satellite signals required to perform a fix has the greatest influence, and similar user-observable performance is achieved for example with F=3, Si= -142dBm, as with F=4, Si= -147dBm (table 4).  In order to guarantee a similar level of observed performance the performance requirements for the weakest satellite signal usable to perform a fix (Si) should therefore depend on the number of satellite signals that are required to perform a fix (F).

To specify the minimum performance requirements to give consistent performance we should therefore test how many satellites are required by the system to produce a fix, and then set the number of satellites and test conditions (e.g. for F=3, validating Si= -142dBm, or F=4, Si= -147dBm) accordingly.  

It has been found that the weakest signal usable for finding GPS time should be specified as -137dBm or better.

4.2 Example specification

An example will help illustrate the conclusion.  A simple approach for the test cases to test the technical parameters involved in availability and accuracy would be:

1. Test in a scenario with three signals all at levels of Li= -142dBm, and accurate timing assistance.  If fixes produced, then measure and check accuracy and time to fix specifications (e.g. ≤150m, ≤16s in 95% of trials).


2. If fixes not produced in test 1, test in a scenario with four signals all at Li= -147dBm, and accurate timing assistance.  If fixes produced, then measure and check accuracy and time to fix specifications (e.g. ≤150m, ≤16s in 95% of trials).


And for the test case when accurate time assistance is not available


3. Test in a scenario with three signals at levels of L1= -137dBm  L2,3= -142dBm.  If fixes produced, then measure and check accuracy and (longer) time to fix specifications (e.g. ≤150m, ≤24s in 95% of trials).


4. If fixes not produced in test 1, test in a scenario with four signals at L1= -137dBm  L2,3,4= -147dBm.  If fixes produced, then measure and check accuracy and (longer) time to fix specifications (e.g. ≤150m, ≤24s in 95% of trials)

This would then be expected to give consistent performance in the indoor environment.

The numbers are illustrative, and depend on the level of performance required, but show the relationships and requirements to achieve consistent performance in practice.  As a starting point for orientation figures have been taken from the 3GPP2 specification [7], which for the sensitivity test uses four signals at 
-147dBm, with the fix to be provided within 16s, with accurate timing assistance available.  If accurate timing assistance is not provided then more time is allowed [6].

The above is a simple example, and consideration should also be given, for example, to the angle of elevation and geometry of the satellites used in the test cases.  This is beyond the scope of this study.

Conclusions

The study has established that the following ‘technical’ performance parameters for an A-GPS receiver have an important influence on practical performance:

· Number of satellite signals required to perform a fix, F
· Weakest satellite signal usable to perform a fix, Si
· Weakest signal usable for finding GPS time, S1
It has been found that these need to be specified together to establish consistent performance for the user-observable performance parameters of availability, accuracy, and time to fix.

It has been found that the most important parameter is the number of satellite signals required to perform a fix, where the difference between F=3 and 4 satellite signals being required is equivalent to about 5dB of sensitivity, Si
With F=4 and a specification for the weakest GPS signal usable to perform a fix Si = -147dBm the probability of achieving a fix in the indoor environment is modelled as around 70%.  The performance improves as the sensitivity Si becomes increasingly excellent.

The weakest signal usable for finding GPS time (if accurate timing assistance is not available) should be 
-137dBm or better.

An illustrative set of specifications has been suggested for these ‘technical’ performance parameters that would be expected to give consistent performance in practice in the indoor environment. 
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