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1 Introduction

The specification of AGPS receiver performance in the UE in 3GPP RAN4 is important for UE manufacturers as well as operators and network vendors. A draft specification of the minimum requirement was proposed in R4-031156, and the background to this proposal was presented in R4AH-04018.
This contribution corrects and updates R4AH-04018, in the light of work and results particularly relating to the performance requirements that are critical for operation indoor environments.  Changes are annotated with explanatory comments.  

The aim of this document is to describe the background of the draft specification. The current UE performance requirements for WCDMA performance that are written in RAN4 are described to give a background to the proposed requirements. Also GPS receivers are discussed including the functionality in the receiver that is critical for the performance to be tested.  

The main idea behind the proposed requirements is to continue with the same concept as have been used in the performance requirements in 25.101 and 25.133, but focusing on the critical functionality in an A-GPS receiver.

2 Discussion

2.1 Fundamentals of A-GPS receiver

The primary mode of operation of the GPS receiver is in an aided search mode.  In an aided search mode, the receiver has knowledge of the visible signals, their approximate Doppler frequency, and in some cases, the approximate code phase delay and phase/polarity of the 50 BPS message bits.  This knowledge can come from locally stored ephemeris, almanac, approximate position, and time, or from other sources (example, TS 25.331 specification provides satellite visibility, Doppler, code phase delay at a particular epoch time).   Given that there are generally 8-10 satellites above the horizon and potentially visible at any one time
, searching in parallel for these signals shortens the total acquisition time. 

It is well known that the search process to acquire GPS signals requires a 2-dimensional search over code phase and Doppler dimensions.  Figure 1 shows the search space, the desired signal appearing in one bin at the correct Doppler and code phase delay.  A-priori information in the form of precise time (code phase dimension) or oscillator frequency (Doppler dimension) can greatly reduce the search space in one or both dimensions.  GPS assist data consisting of approximate position (10 m – 1000 km), reference time (microseconds to seconds), and satellite ephemeris and clock correction data are sufficient to provide satisfactory acquisition time performance.   
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Figure 1.  Desired Signal Exists in One Test Bin over the Two Dimensional Code / Frequency Space.

Even with aiding information, the number of test bins per satellite can be large; on the order 200K trial bins (12 sats x 2046 code phase bins x 0.3 PPM Doppler scan).  The critical parameter for detectability in weak signal conditions (at or below –150 dBm) is the integration time necessary to achieve acceptable probability of detection and low false-detection.  At –150 dBm levels, detection theory predicts that a dwell time per bin of 1-2 seconds is required in order to display a high probability of detection (say, 90%).  At weaker signal levels, the integration time is even longer.  This long dwell time per trial bin causes an interesting dilemma for weak signal applications such as the cellular handset problem:  The desire for fast acquisition time (minimize power) in a signal environment requiring a long integration time per trial.     In order to search the uncertainty space quickly, a large number of parallel searchers are desired.

Traditional automotive-grade GPS receivers have twelve independent signal searchers, one for each satellite.  In automotive clear-sky visibility applications, the signal search time can be on the order of 1-10 ms per trial bin to achieve the 90% detection level.  Thus, search time per bin is small and the total number of searchers required to provide acceptable level of acquisition time is small.  However, it’s clear that searching only 12 test bins per second would take an unacceptably long time to search out all the uncertainty contained in the 200K trial bins, given the need/desire to detect very weak signals such as those indoors.
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Figure 2.  GPS Receiver Features and Basic Interconnects to Host and RF

In order to minimize the search time, an optimum method of applying the GPS receiver searchers to the total detection problem was devised.  The method, called Dynamic Signal Acquisition and Detection, is detailed in Figure 3.  Eight steps are necessary to detect sufficient satellites for a fix and to compute position from the pseudorange measurements.   

In step 1, an initial position estimate, approximate time, satellite ephemeris (or almanac) and clock correction data (all typically available to the handset via over-the-air messages) are used to compute satellite visibilities and their corresponding Doppler and code phase estimates.   Although the more precise satellite representation attained using the ephemeris is required for location determination, the less accurate almanac is sufficient for generating assistance information and so can be used as an alternative.  In a handset that is not already primed with ephemeris, an AGPS assistance request message must be sent the network in order to obtain this data.  In normal operation it is possible that a useable almanac is resident in handset memory, in which case the satellite acquisition process can begin in step 2 while the request for ephemeris data is being processed by the network.  The network message exchange for current ephemeris could take several seconds to complete, and it is certainly possible that the GPS function will have already acquired sufficient satellites for a fix in this period by the time ephemeris is delivered from the network to handset.  Thus, it is advantageous to also store and use an almanac (valid for 6 months or more) and use it in the initial acquisition process.  

The following uncertainties are computed:

Pu – The uncertainty in the initial position estimate.

Tu – The time uncertainty of time (stored in a local RTC or delivered to the handset via some message).

Fu – Uncertainty in the reference oscillator frequency.

Vu – The user platform velocity uncertainty.

From these parameters and the constellation specific geometry, the following additional parameters (per satellite) are computed:

CP – The predicted satellite code phase.

D –  The predicted satellite Doppler frequency.

CPu – The uncertainty in the code phase delays for each satellite

Du – The uncertainty in the Doppler for each satellite.

CPu is much larger initially if an almanac was used to pre-start the search, it is reduced to normal levels as soon as valid ephemeris is delivered to the handset.  Uncertainties in the initial position (Pu), time (Tu), and reference oscillator frequency (Fu) need to be estimated and used to predict the code phase uncertainty range and Doppler uncertainty range for the problem at hand.  In an assisted handset application, the initial position uncertainty is typically 1-30 km.  Likewise in the frequency dimension, the frequency uncertainty can be small to large depending on the method used to estimate the oscillator frequency, and the type or quality of reference oscillator used in the system. 
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Figure 3  GPS Acquisition Algorithm -Eight Steps
Once the size of the total search space is known (unique for each acquisition), The GPS receiver is configured in step 2 for the initial satellite search.  Step 2 and 3 are intended to work cooperatively so as to reduce the total uncertainty below the maximum total available searchers.  Substantial total uncertainty reduction is achieved by taking advantage of two things.

1)  All satellites in the constellation are time synchronized.  This means one can compute the code phase search range for each satellite ahead of time and search in parallel for each satellite covering a subset of the total code phase per dwell time (and possibly multiple Doppler bins), effectively searching for the time offset of the clock, or clock bias.  When the clock bias is found, the code phases for all satellites are already pre-positioned simultaneously for parallel detection.    This is because the initial estimate of code phase from step 1 is incorrect mostly due to the initial time error.  The clock bias is common to all satellite code phase measurements after accounting for the contribution to the error in each satellite clock, computable with the SV clock correction parameters.  

2)  Most of the error in the Doppler dimension is due to the error in the reference oscillator.  The error is also common across all satellites (for small values of Pu and Tu, growing about 1 Hz for each km of position and time error).  Thus, once a Doppler measurement is obtained from one satellite (available via several GPS methods upon its detection), then the Doppler space uncertainty for all the remaining satellites can be collapsed to a small fraction of the original uncertainty.  

The tight relationship of time and frequency suggests a simple method of total uncertainty reduction that includes the steps of estimation of the initial uncertainties (step 1 finding the common clock bias (step 2), reducing the uncertainties for the remaining satellites to be searched (step 3), and parallel detection of the all satellites (step 4), wherein less than the total number of available searchers are used to parallel detect.

In Step 4, parallel detection, the receiver is configured to search for all visible satellites in parallel.  The range of code phase uncertainty for each satellite is searched in parallel, each satellite having a different value of code phase uncertainty depending on the remaining time uncertainty and unique satellite geometry for each.  At the start of a parallel search, the data bit timing for each satellite is known or unknown as a function of Tu and Pu.  Recall that each satellite transmits a bi-phase modulated signal with a 50 BPS data message.  The edges of each bit, spaced 20 milliseconds apart, have known times of transmission, that being N * 0.020 seconds into the week.  In step 4, the GPS receiver is in a continuous integration mode.  That is, continuous integration occurs until the GPS engine software detects sufficient satellites for a fix (step 5).  As the integration process continues, periodic interrupts at 100 to 200 ms intervals cause the controlling processor to check for valid detections

The time to obtain a fix at this point is dependent only on the environmental effects on the signal.  In the clear view case, all signals are confirmed detected within 100 ms.  In a varying signal environment, the attenuation on each signal affects its detection time, the key being that total time to obtain a fix is dependent on several factors, all tied to the environmental effects and the constellation geometry.

In step 5, at periodic rates of about 100 ms, the GPS engine software uses the following criteria to determine if the GPS receiver can terminate the satellite acquisition process and be shut down.

· Sufficient Satellites for Fix.  Generally this is 3 for a 2D fix, 4 or more for a 3D fix.  The Horizontal Dilution of Precision (HDOP) associated with the satellite geometry may force more than the minimum number of satellites to be detected before a fix can be computed.

· Predicted Accuracy.  This portion of the algorithm evaluates the estimated pseudorange measurement noise, sigma-R, for each satellite.  This is done primarily based on signal to noise estimation and known relationships of SNR, coherent integration time, non-coherent integration time and bandwidth to range noise.  It is possible to predict the resulting fix accuracy by multiplying the sigma-R vector (augmented to include the expected error levels associated with atmospheric delays) by the geometry matrix, producing an estimate of the 3-axis fix accuracy.  Alternately, a predicted error ellipse can be computed (sigma-semi major, sigma-semi minor, and angle of rotation of the ellipse from true north).

Once sufficient satellites are acquired in step 5, step 6 is used to compute estimates of pseudorange from the GPS autocorrelation curve (ACF) outputs.  A curve fit in the code delay dimension is used for this purpose.  Alternately, in a tracking mode, a 1st order delay-locked loop produces estimates of the individual satellite pseudoranges using early, late, and prompt taps from the band of non-coherent integrator outputs consistent with the actual signal delay.  Doppler error measurements are produced based on ACF curve fitting in the Doppler dimension (i.e., across multiple Doppler bins)The Doppler residual from one or more satellites (measured minus predicted satellite Doppler) can be used to further refine the estimate of the reference oscillator uncertainty (Fu).

After pseudorange measurements are computed, the last remaining necessary data element to be measured is the precise time of the measurement epoch in step 7 (i.e., the absolute time that the pseudorange measurements were made).   The precise time can come from several sources:

· A time stored in a local RTC that is of sufficient accuracy to enable a navigation solution.  That is, time accuracy/uncertainty is estimated to be on the order of 1 to a few milliseconds.  In this mode, the time extraction step 7 can be bypassed providing the fastest TTFF path.  The absolute time stored in the RTC is calibrated from previous GPS measurements, or handset AFC tuning function, cellular frame/ bit timing, or other sources.  The RTC oscillator frequency can also be calibrated against GPS as a function of temperature to improve the accuracy of the prediction.

· Time extracted from a GPS message data decode process.  The GPS satellites transmit a 50 BPS data sequence, of which includes precise time-of-week (TOW) data every six seconds.  Direct data demodulation of the TOW field allows for precise time transfer to the handset.  However, there is a threshold issue unique to in-building GPS that can prevent navigation data demodulation
.  If the received signal power is below about –142 dBm 
direct data demodulation requires a detection bandwidth of 50 Hz, which limits the threshold by which bit by bit detection is possible.  Data stacking techniques can extend the data demodulation threshold to significantly lower signal levels at the expense of time.

· Time-of-arrival measurement of a predicted sequence of data bits.  The transmit time of the known bit sequence is known.   Correlation of multiple bits extends the time detection threshold levels below that for direct data demodulation.  .  The TOA of the predicted sequence of bits can be used to calibrate the local RTC.

· Over determined navigation solution.  The navigation solution, given that more than the minimum number of measurements (i.e., >=5) are available, has the ability to estimate the local time as the fifth unknown.  

Finally, step 8 computes the navigation solution using a traditional iterative weighted-least-squares method.

2.2 What are minimum performance requirements 

2.2.1 Definitions of minimum performance requirements in RAN4

The RAN4 minimum requirements for the UE are up to now collected in two specifications, 25.101 for the radio and baseband performance parts and 25.133 for the mobility parts.  The requirements are stated in RAN 4 and the formal tests are developed jointly between the T1 group and RAN4.  

The aim of the minimum requirements is to guarantee that all UEs has a good quality in different aspects and the preferably the requirement shall be possible to test. 

Example 1: 

For example today in 25.101 the DL data reception performance is tested in AWGN, different fading environments, a moving channel condition and one birth-death channel condition. The rationality is that the UE shall be tested in different environments in order to guarantee that the UE receiver have a good performance.  For example in a propagation condition for 3km/h, the UE must be able to follow and track the paths over slow fading while for the 120 km/h the channel conditions change fast a and the channel estimation must be able to follow that. 

The requirement is tested by measuring the BLER. 

Example 2: 

In 25.133, the measurement delay for Cell_DCH in case of event-triggered reporting is specified as follows: “The measurement reporting delay is defined as the time between any event that will trigger a measurement report until the UE starts to transmit over the Uu interface.” The measurement delay in case of Cell_FACH is used for and tested by cell reselection delay requirements. In all the tests of the measurement delay for both Cell_FACH and Cell_DCH, the received power of the cells are controlled stepwise in order to have a well defined delay to test against.
The minimum requirements are aimed to stress the receiver performance, not to necessarily be realistic or typical channel conditions. Then many important aspects of the performance would not be stressed at all and/or they would not be possible to test against without adding large margins due to uncertainties. This holds for all UE minimum performance requirements in RAN4. 

When developing Deployment guidelines and do benchmarking between systems, it is realistic environment that are of interest. These are not used for testing certain minimum performance of the UE, these environments are more to define how a reasonable UE is behaving and thereby how networks shall be deployed. 

That is the reason why the proposal in tdoc R4-031156 does focus on finding cases which somehow stress the GPS receiver in the UE.  

2.2.2 Minimum requirements for different RRC States

The proposal in R4-031156 proposes separate AGPS requirements for different RRC states. The reason for this is that there are fundamental differences for delivery of assistance data and reporting of the position estimates or code-phase measurement. 

The signaling is done according to Table 1 below.

Table 1 Signalling of assistance data delivery and measurement reporting
	State
	Assistance Data Delivery
	Measurement  Reporting

	Cell_DCH
	RRC message on DCCH using Acknowledge Mode RLC 
Transmitted on a DPCH.
	RRC message on uplink DCCH.
Transmitted on a DPCH

	Cell_FACH
	System Information Block 15, 15.1, 15.2 or 15.3
using Transparent Mode RLC
Transmitted on downlink broadcast P-CCPCH
OR
RRC message on DCCH using Acknowledge Mode RLC 
Transmitted on an S-CCPCH.
	RRC message on uplink DCCH.
Transmitted on a PRACH

	Cell_PCH
and
URA_PCH
	Change mode to Cell_FACH and receive 
Assistance Data.
Then change back to Cell or URA_PCH again
	Change mode to Cell_FACH and transmit result
on the PRACH.
Then change back to Cell or URA_PCH again


Thus, there are significant differences in the signaling of the different RRC states, which will give different performance. Especially the requirements of Time To First Fix (TTFF) is affected if the delay requirement is defined in a similar way as the current delay requirements are defined in Cell_DCH, as discussed in Example 2 in the chapter above. 

The delay requirements shall be possible to measure in a test case, and they must be based on the signaling in to and out from the UE respectively since we can not measure internally in the UE. The signaling delays will be different in the different states. However, since in Cell_DCH and Cell_FACH states the UE is expected to have rather similar measurement activity, the A-GPS performance requirements in Cell_FACH states can be largely be based on the A-GPS requirements in Cell_DCH states by setting certain side conditions (e.g on a delivery of assistance data) for the requirements and by adding the additional delays that e.g. PRACH transmission causes.

We believe that it is better to define the requirements in Cell_DCH first, and then continue with the Cell_FACH state requirements and later on we can study what differences the delays in the signaling may give to Cell- and URA-PCH states.

As the purpose of any A-GPS performance test is to evaluate the A-GPS performance, not the network or test suite performance, the response time should be defined in such a way that the time related to any network delays are excluded from the time specifically related to A-GPS processing when possible.

The UE-based A-GPS related response time contributors are

· Satellite data acquisition and measurement data collection

· Position Calculation

The UE response time for network assisted A-GPS shall be the time elapsed between the reception of the assistance data message starting the A-GPS related measurement at the mobile and the transferring of the position result message back to the radio access network or test environment. 

Note that starting the A-GPS related procedures is done by setting the setting the IE “Reporting Criteria”.
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Figure 4 UE-Based UE A-GPS Response Time

Prerequisite is that all necessary A-GPS assistant data, which are not provided with the message enabling the A-GPS related measurements, are received before. Note that the "A-GPS reference time" and "A-GPS reference position" is most probably included in the assistance data message which enables the A-GPS related measurements.

2.3 What kind of performance requirements are needed?

2.3.1 Essential elements in A-GPS performance verification

This section discusses how different parameters or physical phenomena affect the A-GPS performance.  First in Table 2 we summarise different elements that are the main contributors to the UE A-GPS performance in terms of Time-to-first-fix, pseudorange measurement and position estimate
. Then these different parameters are discussed further in the rest of the section. 

Table 2: Parameters affecting the performance of AGPS

	Parameter
	Effect on
	Measure

	Quality of assistance
	Signal acquisition time
	Time-to-first-fix (TTFF)

	Number of detectable satellites

	
	

	Number of signals required for fix

	
	

	Synchronisation Sensitivity

	
	

	Fix Sensitivity

	
	

	Received signal levels
	
	

	Received signal levels, absolute and relative (max vs. min)
	Signal quality

(Measurement noise)
	Pseudorange error 

(measure for UE assisted case)

	Fix sensitivity

	
	

	Multipath
	
	

	Line-of-sight signal blocking by obstacles
	Measurement bias
	

	Multipath
	
	

	Quality of assistance
	Position integrity
	Position error

(measure for UE based case)

	Received signal levels

	Number of detected satellites
	
	

	Fix sensitivity

	
	
	

	Number of satellites required

	
	

	Pseudorange errors
	
	

	Received signal levels

	Number of detected satellites
	Dilution of precision (DOP)
	

	Fix sensitivity

	
	
	

	Geometry of detected satellites
	
	


Quality of assistance

In order for the UE to make necessary measurements and calculate a position estimate the navigation data has to be valid (i.e. correct and up-to-date). The accuracy of position and time assistance has an impact on satellite acquisition performance. The accuracy of a position estimate on the other hand is dependent on how valid the given assistance data is.

In order to verify the performance of an A-GPS receiver in a controlled environment we assume that when Time-to-first-fix performance is tested all assistance is given from the network and therefore the UE has no prior knowledge of any satellite information. In practise the UE may have stored some information from the previous fix but since in this case it is impossible to control the quality of the assistance data in A-GPS test cases the prior knowledge should be removed from the memory of a UE.
Number of detectable satellites

The number of detectable satellites defines how many of the satellites, that are above the horizon, can be acquired with the given receiver This affects TTFF especially if the signal levels are low and the number of detectable satellites is small compared to number of visible (i.e. above the horizon) satellites. The search time for one satellite is increased with the decrease of signal level and if there is no signal at all, the search process will cover the whole 2-D (code phase, Doppler) search area down to sensitivity limit.

Fix Sensitivity

The smallest GPS signal that the receiver is guaranteed to be able to find, measure, and use for a position fix.  The better the Fix sensitivity of the receiver and signal processing, then the more signals it will be able to detect, and the better the signal to noise ratio of the measurements of the signal.  Both will improve the chance of being able to find sufficient satellites, and improve the accuracy of a fix result.  However the better the Fix sensitivity demanded, the longer the search time, particularly if there are few detectable satellites present in the environment.
Synchronisation Sensitivity

The smallest GPS signal that the receiver is guaranteed to be able to use in order to synchronise to GPS time, if GPS time is not available from assistance or internal sources.  The better the Synchronisation sensitivity of the receiver and processing, then the more likely it is to be able to detect, measure, and synchronise to the strongest GPS signal in the environment, and to proceed on to attempt to recover GPS signals for performing a fix.  However the better the Synchronisation sensitivity demanded, the longer the search time in environments with weak received signal levels. 
Received signal levels

The signal levels at the receiver 
affect the quality of the signal measurement as well as the time needed to find the signal. As the signal is buried deep into noise, in extreme conditions it may take seconds of integration to get positive signal-to-noise ratio even with the exact knowledge of signal timing and Doppler frequency. Unfortunately, there is always some uncertainty, amount depending on the assistance data and if there is already other satellites found.

If the difference in received signal levels grows too large, the detection of weak signals is disturbed by cross correlation products of the stronger signals. In ideal conditions the maximum cross correlation between two GPS C/A codes is at level of –24 dB. However, the large differences in Doppler frequencies degrade the performance by 3 dB, yielding to a value of –21 dB.

Multipath

Multipath affects the pseudorange measurement by distorting the correlation triangle. Depending on the relative phase between line-of-sight and reflected signal, the correlation peak is shifted either forward or backwards. The amount of multipath error depends on the timing and power differences between the correlation peaks.

Line-of-sight signal (LOS) blocking by obstacles

If the line-of-sight signal is blocked so that it can not be detected but there is a detectable reflected signal instead, there will obviously be a measurement bias which depends on the excess path of the reflection. In case of several propagation paths, additional multipath effects will appear as described above.

Pseudorange error

Pseudorange error describes the range measurement error of a single satellite. The amount of pseudorange error is dependent on the factors discussed above. Furthermore, if the receiver clock is not yet synchronised to GPS time there is some unknown bias in the measurement. Clearly, this bias is common to all satellites and is solved in position calculation, but before that it is only possible to measure ‘pseudoranges’. The pseudorange error on the other hands is one key error source in a position estimate.

Number of detected satellites

Naturally more satellites (with good DOP) there are available better the position estimate will be. If less than 4 satellites are available one of the 4 parameters (X,Y,Z or time) has to provided to the UE for calculating the position estimate. When the number of detected satellites is less than 4  DOP inevitably becomes poor. Furthermore, this case does not stress the actual performance of an A-GPS receiver but the algorithm used for calculating a position estimate. 

Number of satellites required for a fix

While it is commonplace for 4 satellites to be used for a fix, there are circumstances when either 5 satellite signals or 3 satellite signals can be used to advantage, usually in conjunction with different levels of assistance information, for example with the use of altitude information, or not requiring time information.  The greater the Number of satellites that is required for a fix, then the greater the minimum Number of detected satellites used, and the greater the minimum Time To Fix required.  However if time permits and a greater Number of satellites are detected than the Number required, then the fix accuracy can be improved.  Most importantly, the Number of satellites required for a fix, together with the Fix Sensitivity, determines whether a fix can be achieved with the Received signal levels in any particular environment, and therefore plays a key role in practical weak signal performance
.
Geometry of detected satellites

Satellite geometry (i.e. elevation and azimuth of detected satellites) affects the quality of a position estimate in conjunction with the number of those satellites by defining a new parameter, namely ‘dilution of precision’ (DOP).  It can also influence the time to fix, depending on the search strategy of the receiver
.
Dilution of precision (DOP)

DOP is a measure that describes how sensitive the position estimate is to measurement noise, meaning that DOP relates to position accuracy only in statistical sense. In other words, a large DOP value indicates that the uncertainty of position fixes is large but it does not predict anything about the accuracy of one single position fix. 

2.3.2 Classification of position estimates and relation to real environments

The position estimates can roughly be divided into four categories based on their statistical behaviour. Examples of these different categories are shown in Figure 5. Later in this section we discuss how these categories are related to the parameters listed in Table 2.  
a)


















b)
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Figure 5: Examples of different position estimation results: a) exact and accurate (top, left), b) noisy (top, right), c) exact but biased (bottom, left), d) noisy and biased (bottom, right). The correct position is indicated by red circle.

As was shown in Table 2,  properties of signal propagation path affect directly the pseudorange measurements. These measurements, in turn, are fed to the position calculation where the effect of pseudorange errors is either amplified or damped depending on the other input parameters, i.e. DOP and number of satellites used in calculation.

 The error statistics illustrated in Figure 5 can be explained as follows.

a) Exact and accurate

This represents positioning in good signal conditions. Measurement noise is small and a high number of satellites can be measured and DOP is rather good. Also, there are not any obstacles to block or significantly attenuate the line-of-sight signals. 

b) Noisy

This category covers the situations where the deviation of position error is significant but position fixes are nevertheless centered around the correct position. This kind of behaviour results from noisy, unbiased pseudorange measurements and the deviation may be increased further in case of bad DOP. High measurement noise, in turn, is usually generated by high attenuation in the signal path. Long term characteristics of multipath errors also belong to this category.

c) Exact but biased

In this case, the error deviation is fairly small but the mean of position fixes differ distinctly from the correct position. This phenomenon is a consequence of specular reflections and LOS signals may be blocked or highly attenuated.

d) Noisy and biased

As can be expected, there are several possible reasons to create this kind of behaviour, where the position fixes are both noisy and offset. However, in general can be said that constantly biased measurements are related to reflections and the large deviation is a result of bad DOP, multipath, diffraction, low signal levels or some combination of them.

With this classification, core parameters identified in 2.3.1 have been linked to certain types of position error behaviour. Also, based on this linkage it is quite easy to give examples of real world environments where these error source combinations can be found. For instance in open field category a) would be observed, indoors category b) or d), and so on. This information on different errors sources and contributes to the A-GPS performance are then utilised in deriving the proposed performance test cases.

However, if the work is done other way round, i.e. starting from different environments and creating performance requirements and test cases for each environment we are likely to end up having enormous number of test cases but still we might not be certain how representative these tests would be, would they cover all essential elements and then on the other hand how much redundant testing would be done.

If test cases are trying to mimic some real world situations, it becomes difficult to set meaningful pass/fail criteria. As an example, in urban environment the availability of line-of-sight signals is poor, most of the satellites are totally blocked or only reflected signals are received. Additionally, the satellite geometry is far from optimal. As earlier has been discussed, this inevitably leads to bad DOP and biased position estimate. 

The problem with environment that creates biased position estimates is that if there is an absolute accuracy requirement, the estimates are not evenly distributed within the allowed error range and this is happening even with the properly functioning receiver. When biased measurements are combined with bad DOP, the result may be that if two receivers having exactly the same measurement performance are tested, one passes the test and the other fails. 

The situation becomes even more peculiar, when one of two identical receivers is used in UE based mode and the other in UE assisted mode. Both detect accurately the timing of signals which, however, are biased because of LOS blocking. Obviously, the UE assisted mode receiver can not be rejected as it has accurately detected the signals although a position estimate calculated in the network would have a similar bias. The current working assumption is that the same tests will apply to both of the operating modes meaning that with the same measurement results and position calculation algorithm test verdict pass or fail should be the same.

As a conclusion, our understanding is that in order to produce consistent and reliable test results the AGPS testing conditions need to be defined so that there are sufficient numbers of detectable line-of-sight signals from the satellites and the geometry for those satellites is such that it does not add any unnecessary randomness to the positioning process.
2.3.3 Test cases and their coverage in R4-031156

Test cases for UE based A-GPS were proposed in R4-031156. In all those test cases the performance is measured in terms of position accuracy (2-D position error) and time-to-first-fix (response time), which are the relevant figures to measure as is shown in Table 2.  Table 3 summarizes the test conditions and performance measurements for each test case of R4-031156. Furthermore, based on the four categories we defined in Section 2.3.2 Table 3 also indicates what kind of error source scenarios are to be expected in each test case. Then the purpose of each test case is addressed. Finally in Table 4 the discussion of test coverage of each core parameter is concluded.

Table 3: Summary of the test cases in R4-031156

	Test case name
	Test conditions
	Category

(2.3.2)
	Measure

	Sensitivity
	All signals are highly attenuated but not distorted by reflections, achievable DOP is good
	b
	Time to first fix

Accuracy

	Accuracy
	good signal conditions, DOP is good, no obstacles to block or attenuate the line-of-sight signals
	a
	Time to first fix

Accuracy

	Dynamic range
	Signal levels have large variation, signals are  not distorted by reflections, achievable DOP is good
	b
	Time to first fix

Accuracy

	Multipath
	Good signal levels, two satellites suffer from severe multipath, DOP is rather good
	d
	Time to first fix

Accuracy

	Moving scenario and periodic update
	Good signal levels signal quality is moderately reduced by motion induced fast fading, which is modeled as Ricean channel. DOP is rather good
	b
	Tracking capability (periodic reporting)

Accuracy


‘Sensitivity’

With this test it is verified that the receiver is capable of producing a position fix in weak signal conditions
. 

‘Accuracy’

This test verifies the positioning performance in the best possible conditions. This kind of test may seem trivial, but is assures that the receiver does not have any fundamental problems that deteriorate the performance but might go unnoticed with other error sources in test cases with more demanding signal conditions.

‘Dynamic range’

As was discussed earlier, the C/A codes suffer from cross correlation products when the power difference of strongest and measured signal is larger than 21dB. On the other hand, the ranges of received signal levels are likely to be large especially in urban and indoor situations. Therefore, this test is needed to verify that all the satellites within achievable dynamic range can be utilized by the GPS receiver.

‘Multipath’

Multipath is a major source of position measurement errors. This test case is not reproducing any real multipath scenario. Instead, the test parameters are selected to efficiently verify the receiver’s tolerance to multipath while keeping the test setup simple.

‘Moving scenario and periodic update’

This test case has twofold purpose. One goal is to verify the capability to produce fixes on regular basis. For this purpose it is also convenient that the receiver is on the move as this makes it possible to verify that the position fix is really updated. In addition to periodic reporting, it is also tested receiver’s ability two follow when it is located in a vehicle that slows down, turns or accelerates.

Table 4: Summary of parameters to be tested and their coverage in R4-031156

	Parameter (from Table 1)
	Coverage in test cases

	Quality of assistance
	Performance requirements are defined with the assumption that assistance data values are within set limits. Navigation data is assumed to be valid.

	Number of detectable satellites
	Assistance data is given for nine satellites. Number of detectable satellites is 5, 6 or 8, depending on the test case.

	Received signal levels, absolute and relative (max vs. min)
	Sensitivity test assures that highly attenuated signals can be acquired with tolerable measurement noise. 

Dynamic range test verifies that power level difference between strongest and weakest signals is not limited by other factors that cross correlation and sensitivity.

	Fix Sensitivity
	

	Synchronisation Sensitivity
	This is covered in the Sensitivity test case with Coarse timing assistance

	Multipath
	The performance of an A-GPS receiver in multipath environment is verified in a dedicated multipath test.

	Line-of-sight signal blocking by obstacles
	This is not covered in order to allow same tests to be used for both UE based and UE assisted solutions.

	Number of detected satellites
	This is indirectly covered in all test cases: A minimum number of satellites needs to be found to get a position fix (95 % success rate required).   

	Number of satellites required for a fix
	This is indirectly covered in all test cases, but is particularly to be covered by the sensitivity test case


	Pseudorange errors
	Pseudorange is an intermediate value in UE based positioning process and is not directly tested.  On the other hand, in UE assisted positioning pseudoranges are reported to network. However, in both the quality of pseudorange measurements affect the values reported to the network.

	Geometry of detected satellites
	Maximum DOP is constrained to minimize randomness is test results


3 Conclusions

 In this document the background of the draft specification proposed in R4-031156 and R4AH-04023 have been described
. 

The proposed scenarios are aimed to put requirements, which stress essential parts of the A-GPS capable UE. Thus, the requirements are not primarily aimed to highlight the typical performance of an AGPS capable UE in a network, and therefore they cannot be the only input when planning network and services.

The typical behaviour is in many cases much better and to evaluate the system performance other inputs such as Deployment guidelines etc, must be used.
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