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1. Introduction

The aim of this document is to highlight various variables and parameters that govern the overall accuracy of a GPS receiver. The collection of variables discussed in this document, either have a direct or indirect influence on the accuracy measurement of the GPS receiver.

In order to identify and isolate various variables, the overall measurement problems are listed.

2. GPS Signal Characteristics

The GPS signal is sent from 12 satellites orbiting the earth. The satellites have on average 12 hour orbit cycle around the earth and are positioned at 55 degrees inclination to the equator. The signal from the satellites are transmitted on the two following frequencies in the L band:

         L1
1575.42 MHz 

         L2 
1227.60 MHz

As the L band carrier waves carry no information themselves and must be modified or modulated before it is used for positioning purposes.  The L band carrier are modulated by two ranging codes and the navigation message.  The two distinct GPS codes are : 

C/A Code 
(also referred to as cleared/access or coarse access/acquisition code)

P Code
(private or precise code) designed for military and other authorised users 

The L1 carrier was designed to be modulated with both P and C/A codes whereas L2 carrier would be modulated with P code.

3. GPS Measurement Issues

All GPS measurement are effected by biases and errors. Their combined magnitude will effect the accuracy of the positioning result. Errors may be due to internal instrument noise or random noise as well as un-modelled or residual biases. Biases may therefore be defined as being those errors of the measurement that causes true ranges to be different from measured ranges by a systematic amount, such as for example all distances being measured too short or too long over a significant period of time. In General GPS suffers primarily from the following problems. Some of these parameters can be controlled and managed however the atmospheric problems need are managed by simulation and calculations:
· Multipath

· Ionospheric Refraction

· Troposphoric Refraction

· Satellite orbit error

· Satellite clock error

· Antenna phase and clock

· Receiver clock divergence between L1 and L2 

· Receiver Noise

The receiver clock error systematically effects all measurements made at the receiver to all satellites by the same amount.

The satellite clock error systematically effects all measurement made to satellite by any GPS receiver making a measurement at the same time.

The satellite orbit error is mapped as a range error in the case of measurement made by one receiver compared with another receiver.

The atmospheric refraction error, which is a combination of Ionospheric and Tropospheric refraction characteristics, adds further error to the overall range measurement errors. The atmospheric errors are function of spatial and temporal characteristics at the receiver.

Further sources of random noise exist which is a function of satellite, receiver and measurement epochs.

In general the biases can be considered to belong to one of the three classes 1-Satellite depend biases, 2-Receiver-dependent and 3-Signal propagation biases

3.1     Satellite Dependent Biases

The ephemeris information used to calculate the GPS satellite position is generated from the tracking data collected by five monitor stations. The data is processed at the Master Control Station and the satellite navigation message information is uploaded to every satellite and are available to GPs at the time of observation. There is a tendency for the ‘satellite orbit error’ is therefore the discrepancy between the true position and the its broadcast ephemeris. With regard to the accuracy there are several distinct effects:

· Orbit computation errors are different with C/A and P codes

· Errors due to unpredictable orbit motion of satellite which are not included in the ephemeris

· The residual errors in the satellite atomic clock can attribute to the range error

3.2     Receiver Dependent Biases

The Receivers usually contain inexpensive quartz crystal oscillators. Although the receiver clock can be tied to GPS Time in number of ways, nevertheless, the offset between the local receiver clock and the GPS Time amounts to receiver clock error. This error causes range measurement error and the range measured by the receiver is termed pseudo range. One method of eliminating this error is to take several range pseudo measurements or alternatively to take the difference between the data collected to different satellites so that common bias is eliminated.

The synchronisation of the local clock oscillator is also dependent on:

· The synchronisation is sensitive to height of the receiver above the ground at the time of synchronisation at some epoch

· Stability of the local quartz oscillator with time and how often the local clock is synchronised with GPS Time.

3.3    Signal Propagation Biases

The variation of molecular content of atmosphere and the variation of temperature, causes dispersion of the GPS signal travelling through this medium. The propagation delay through the atmosphere causes delay in the signal path and produces range delays. The atmospheric delays can produce errors from 50 meters to 150 meters for observation mode at the receiver horizon.

For example at night the ionospheric delay is approximately 5 times less than the day observation. Furthermore the delay is function of the latitude and it is minimum at the poles.

Further signal degradation occurs at ionosphere layers where the GPS signal undergoes a refraction, which is dependent on the atmospheric pressure, temperature, and water vapour pressure. This bias ranges from about 2m for signal received at the zenith to around 20m for signal received from satellites at an elevation angle of 10 degrees.
3.4  GPS Measurement Errors

Multipath effects are propagation errors arising from interference of direct signal by reflected signal from various obstacles such as buildings and surfaces. The maximum multipath error that can occur in the case of pseudo range data is one half chip rate length of the code that is about 300 meters error for C/A code measurement and 30 meter for P code measurement. This is a large  error which must be guarded against, especially in land navigation applications where the GPS receiver is located on the metal surface of a vehicle.

Further carrier phase measurement errors occur if the signal is obstructed by objects or it is interfered by other signal. In this situation signal from satellite will go out of lock and any range measurement being carried out will be lost. This has the effect of creating a ‘jump’ in the measured data just before and just after the loss of lock.

4. Assisted GPS

GPS receivers process the signals to compute positions in 3D (latitude, longitude and altitude) within a radius of 10 meters or better. The accuracy has increased substantially since the US military has turned off selective availability in May 2000. 

To operate properly the conventional GPS receivers need a clear view of the sky and signals from at least four satellites. This requirements may be difficult to achieve in buildings and areas where RF signal is week. Furthermore, from ‘cold start’ , for a GPS receiver it may take several minutes to achieve a reasonable fix without any knowledge of the GPS constellation state. This delay may not be acceptable for emergency applications. Furthermore the additions of full GPS receivers into small handset may not be commercially viable and may add technical complexity to the handset design.

For modern mobile applications, where a fast reliable location fix is required, the assisted GPS system, which is incorporated in mobile network can provide a more attractive an alternative that a conventional GPS system. The assisted GPS consists of the followings:

· Handset with limited GPS functionality

· An Assisted GPS server, located on the network, with a full GPS receiver  that can see the same satellites as the handset

· Mobile network, capable of  communicating with the handset.

With the combination of the mobile network and GPS, the network can be used to relay the missing satellite orbital data from a well positioned GPS receiver to a handset in a week GPS signal area (e.g. inside buildings shopping centres etc.) . One reference station can provide the ephemeris data for the whole of the region or the country. The data would be stored and updated on a network location server to be provided to any user when a GPS location fix is required.  This assisted location data reduces the processing power on the handset, thus reducing the demand on internal battery, and in a well optimised network, it can produce a fix in few seconds.

The AGPS does however has its drawbacks. For example in order to obtain a fix the handset has to communicate with the network on several occasions, which increases the network load. 

One other less mentioned parameter that governs the overall performance of the GPS/AGPS  is the processing power of the handset. A handset with slow processor would give a poor overall performance. 

5. Variables

The list below summarises all the major variables that has an effect on the measurement accuracy of the GPS/AGPS . Before embarking on writing measurement specifications, it is worth noting that the variables below has direct and/or indirect effect on the accuracy. In order to standardise any measurement specifications, for GPS/AGPS, the variables listed below must be specified and or emulated:

· Receiver Clock Error

· Satellite Clock Error

· Satellite Orbit Error

· Ionospheric Delay

· Tropospheric Delay

· Multipath Delays

· Receiver Thermal Noise

· Software Inaccuracy

· Ephemeris Data

· Geometric Errors

· Cycle Slip

6. Implementation/Test Assumptions

As there are numerous combination that could exist, under which GPS/AGPS could be used, some general assumptions should made at the start. It is assumed that:

· Assistance Data / Measurement / Report etc are contained within 2G RRLP or 3G RRC messages

· Assume UE is held in a hand at the manufacturer specified optimum orientation

· Both UE and network based reference GPS station receive same GPS signals

· UE is stationary

· All fixes are ‘Cold Start’ – ie UE has current Almanac only, Ephemeris, approximate location and approximate time obtained via assistance data messages

· No time or frequency assistance provided by the UE

· UE situation and orientation as if User is facing North

7. Test Scenario Configurations

In order to be able to test the performance of the handset in a number of conditions and situations, a multi-dimensional test matrix should be developed to include the following suggested scenarios:

· Assisted GPS Implementation

·  Mobile Assisted  

· Mobile Based

· Mobile Network Type 

· Synchronous or 

· Asynchronous}

· Satellite Signal Strength (C/No) 

· Open Sky, 

· Urban, City, 

· Easy indoor, 

· hard indoor

· Satellite Constellation Shape (HDOP)

· Good (i.e. open Sky)

· Bad (i.e. street view of sky)

· Assisted Data 

· Accuracy of the approximate location supplied

· 5km

· 50km

· 500km

· Accuracy of approximate time supplied

· 2s

· 1s

· 0.5s

· 0.1s

· UE Situation

· Free standing

· Hand held

· Against body

· UE Orientation

· Horizontal

· Vertical

· Manufacturer specified optimum

· UE Processor type

· CPU speed

8. Performance Results

From user and operators perspective, having considered all the major variable that go into defining the GPS/AGPS performance, the major factors governing the performance are the initial location fix from cold start, also known as Time To First Fix (TTFF), the horizontal and vertical accuracies in meters and also the power consumption on the handset.

To summarise for 3D and 2D application the Performance parameters are: 


3D Fix (4 satellites)


Time To First Fix (TTFF)



Horizontal Accuracy (95% confidence)



Vertical accuracy (95% confidence)



Power used


2D Fix (3 satellites + height assumption)



Time To First Fix (TTFF)



Horizontal Accuracy (95% confidence)



Vertical accuracy (95% confidence)



Power used

9. Proposal

Having highlighted the major variables and parameters that govern the accuracy and performance of GPS/-GPS, it is proposed, in order to classify the performance, that particular attention to be made to specify variables, implementation and test assumptions and test scenarios that would be used to test the GPS/AGPS.

It is proposes that Ran4 takes these variables into account, whilst defining the performance/accuracy requirements  of GPS/APGS.

It is also proposed to capture these variables relevant TR for the work item.

It is proposed that RAN4 consider these variables while defining performance/accuracy requirements for GPS/A-GPS. It is also proposed to capture the above variables in the relevant TR for the work item.

