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GPS Measurement Issues

In this document we aim to outline a number of issues that should be taken into account in specifying GPS measurement specifications. The discussion in this paper is centred around the GPS measurement accuracy inside a UE. Furthermore the document introduces a number of use classes  that would help in classifying the handsets for various relates Location Enabled Services 

1 Time To First Fix (TTFF)

The Time to First Fix and subsequently re-acquisition time are two important parameters, that are performance indicators of the GPS receiver

In order to understand the working of a GPS receiver it is necessary to briefly describe the lock acquisition process: When the satellites try to acquire a lock they need to rely on both Almanac and Ephemeris data.  Almanac data is course orbital parameters for all satellites in the GPS constellation which isn't very accurate information but is usually current for up to several months.  Then there's Ephemeris data which is very precise orbital and clock correction for each satellite and is required for precise positioning, eg 3D fix.  Each satellite broadcasts only it's Ephemeris data which has a life span of approx 5 hours per satellite.  Each satellite will broadcast the Ephemeris data for a 30 second period, and then re-transmit, so if the GPS receiver loses track of the data part way through the 30 second cycle, you will have to start again at the next 30 second cycle.

  

Generally speaking there are 4 TTFF start types depending on the amount of Almanac and Ephemeris data that is present in the GPS Receiver and where it thinks it is and the satellites are which can help aid the GPS acquire a lock quicker.  These are designated as Factory, Cold, Warm and Hot.  


Factory TTFF is where the receiver has no knowledge whatsoever of Almanac data in turn to locate the satellites and retrieve Ephemeris data, and for a full Almanac to be downloaded may take approx 12.5 minutes, hence most companies suggest a factory start of 15 minutes. 

Cold start is usually the slowest TTFF user will witness on a regular basis which has some knowledge of Almanac data but no Ephemeris data.  Almanac data is not precise, but current for several months.  When a cold start is required, the receiver has to download a full set of Ephemeris data which as already mentioned above is broadcast over a 30 second cycle and re-transmitted every 30 seconds.  

  

When starting the receiver in a Warm or Hot mode, the receiver has some Ephemeris data in the case of a Warm start, and in the case of a Hot start it has nearly a full set of Ephemeris data, which aids in making quicker TTFF's. The Warm and Hot mode can be classed as the re-acquisition times, for when the user requests a second location fix whilst the data is already in the handset.

 

GPS manufacturer, for the sake of reference, will quote their average Cold, Warm and Hot TTFF's, and these vary according to users location and the processing power of the GPS receiver.  Normally the receiver needs around 30 seconds to upload all the Ephemeris data from the Satellites. However should the signal path to the receiver be blocked or obscured such that the flow of data is interrupted, then the Ephemeris data collection starts all over again.

  

The faster the TTFF time means that the user can acquire the location fix quickly and then move on to other functions or re-acquire another location fix. 

For the case of driving/routing applications where the receiver is required to have all the necessary co-ordinates, if the TTFF is slow the user may drive off without having complete the Almanac and Ephemeris data

There are a number of factors influencing the TTFF on a handset. These are:

· Slow processor speed

· Loss of GPS signal from Satellites due to poor environmental conditions, poor antenna etc.

· Electromagnetic interference on board of the GPS receiver from other units

From service delivery point of view, for example Location Enables Service (restaurant search), the user is not particularly interested in the accuracy of the calculated location as long as it produces a result with fair accuracy (( 20 meters) in a short time ((30 seconds)

From the handset design perspective, in order to accommodate this requirement, almost the entire processing power and internal resources of the handset has to be dedicated to the GPS fix.

The TTFF and the re-acquisition times of the GPS receiver must be top priority as far the classification of the GPS receiver is concerned. 

2 Satellites Visible in the sky

The standard specification for GPS satellite constellation states that: out of 24 satellites orbiting the earth, 6 to 11 satellites are always in view of the receiver.

In reality and in a lot of cases the receiver can only see 3 to 4 satellites in space due to occlusions and obstacles in the observer’s path. Therefore the notion of 8 satellites being visible to the GPS receiver is unrealistic in most practical situations. 

We believe that the number of satellites to be considered must not be more than 4 satellites for practical applications.

3 GPS Signal Strengths, Signal delay and environmental conditions

The signal strengths being considered for testing purposes must have a reference or a datum and it can not be quoted without reference to some kind of physical or environmental conditions. 

3.1 Signal Strength

The signal from GPs satellite travels trough the upper atmosphere, Ionosphere and the troposphere. The signal in its path to the receiver is attenuated by a number of atmospheric factors. Some of the main factors are as follow:

· Rain Attenuation/Humidity: the signal attenuation can be as much as 20 dBs due to rain 

· Gaseous absorption: attenuation and absorption due to stream and 

· Cloud attenuation 

· Air pressure 

· Temperature: gaseous temperature change along the signal path can cause attenuation to the signal

· Depolarisation

· Handset antenna conditions

The above factors are all function of signal frequency, location, elevation angle, and time(season) . 

3.2 Delay

The signal transmitted by the satellite travels trough the atmosphere where its path is retarded to from a straight path to a curved one. This retardation is due to the presence of charge water molecules in the atmosphere whose mass refractive index changes with height above the earth.

Atmospheric delays in vertical direction varies from 6 to 8 nanoseconds (190 to 240 cm or 10-12 cycles of phase at L1 band) The atmospheric delay increases with decreasing elevation angle approximately with cosecant of the elevation angle, so that the atmospheric delay at an elevation of 20 degrees may be from 30-36 cycles of L1 phase. 

There are two components to the delay: 1-Dry or Hydrostatic Delay which is due to the atmospheric pressure and 2-Water Vapour Delay which is due to the presence of water vapour in the atmosphere in the path of the signal. The Dry delay can me modelled fairly accurately however the Water Vapour delay due to its erratic distribution in the path of the signal can not be accurately modelled and can lead to RMS error of several cm out of total wet delay of 0-40 cm.

The Dry and Water Vapour delay are dependent upon the inclination angle and subsequently are effected by the position of the satellites in the sky.

3.3 Signal Refraction

The terrain around the user and in the signal path also contribute to the signal delay and attenuation. For example obstacles and knife edge obstacles in the signal path can cause Fresnel refraction to the received signal

3.4 Environmental and Atmospheric Conditions

The GPS receiver is intended to be used in a variety of environmental and atmospheric conditions. 

The envisaged environmental conditions are as follows:

· Rural

· Suburban

· Urban

· Low rise city

· High rise city

· Easy indoor (wooden, low rise residential building)

· Hard indoor (multi-story office, mall, concrete tall building)

Furthermore some of the realistic atmospheric conditions are follows:

· Clear sky, high pressure 

· Cloudy sky low pressure

· Windy, low pressure

· Thunderstorm low pressure  

Therefore in order to specify signal strengths for test cases, initially the environmental and the atmospheric conditions along the signal path must be specified or agreed. 

The figure 1 below indicates the multi-dimensional environmental variables that effect the GPS signal strength, delay and refraction


[image: image1.wmf]Temperature

Atmospheric Conditions

Environmental Conditions

rural

suburban

urban

low rise city

high rise city

easy indoor

hard indoor

clear sky

cloudy sky

windy

storm

0 Celsius

20 Celsius

40 Celsius

Typical case: clear sky, rural

environment around 20 Celsius

-10 Celsius

GPS signal strength,

delay and refraction

calculated for a

particular

atmospheric and

environmental

conditions

Typical case: cloudy sky, low

rise city around 40 Celsius


Figure 1 Environmental Variables effecting the GPS signal

The table below indicate the type of Reference or Datum that can be produced for signal conditions. The table and the signal values are examples of the idea 

	Environmental + Atmospheric Conditions
	GPS Signal Strength Received at the Antenna 

dBm
	Carrier to noise ration

C/No

(dB-Hz)
	Signal Delay (cm)

	Clear sky, high pressure, no wind, open rural environment
	-130
	43
	?

	Windy, low pressure, semi-urban
	-140
	34
	?

	Rainy, low pressure, urban environment
	-147
	28
	?


Table 1 Signal strength, carrier to noise ratio and delay with respect to environmental conditions

4 GPS Performance Specifications

The following tables, highlights the major measurement tasks that need to be undertaken in specifying the GPS performance in either stationary or moving scenarios. The headings described in the following tables section will contribute to the overall accuracy and performance of the GPS in the handset.

	Stationary GPS Tests

	Test
	Purpose

	TTFF and Re-acquisition time
	To determine the time interval during which the handset acquires the first location fix and subsequent location fix 

	GPS Accuracy Test
	To determine GPS capability to arrive at a location fix given a certain environmental conditions

	GPS Dynamic Range Test
	To determine the GPS capability to calculate location under a range of radio signal conditions from week to strong signals.

	GPS Sensitivity Test
	To determine the GPS capability to perform under a week satellite signal conditions

	GPS Multipath Test
	To determine the GPS capability to perform under a range of multipath radio signal conditions 


Table 2 Stationary GPS Test

	Moving GPS Tests

	Test
	Purpose

	TTFF and Re-acquisition time
	To determine the time interval during which the handset acquires the first location fix and subsequent location fix 

	GPS Accuracy Test
	To determine GPS capability to arrive at a location fix given a certain environmental conditions when the user is in motion

	GPS Dynamic Range Test
	To determine the GPS capability to calculate location under a range of radio signal conditions from week to strong signals, when the user is in motion

	GPS Sensitivity Test
	To determine the GPS capability to perform under a week satellite signal conditions, when the user is in motion

	GPS Multipath Test
	To determine the GPS capability to perform under a range of multipath radio signal conditions, when the user is in motion


Table 3 Moving GPS Test

	GPS Protocol Tests

	Test
	Purpose

	GPS Position Location session on the paging Channel-network initiated
	To determine GPS capability to arrive at a location when the network/RNC initiates a position fix session on a paging channel

	GPS Position Location session on the paging Channel-user initiated
	To determine GPS capability to arrive at a location when the handset/user initiates a position fix session on a paging channel


Table 4 GPS Protocol Test

In all of the Test cases mentioned in tables 3,4 and 5 the following parameters/variables must be agreed upon 

· Definition of the Test

· Method of measurement

· Test conditions/ Test parameters/Test range

· Weighing factor of the obtained results

· Overall GPS performance 

5 Use Classes

The test categories highlighted in the previous section illustrate the numerous variables and parameters that can influence the performance of a GPS receiver, imbedded in a handset. The outcome of these test results will show for example the TTFF performance, receiver sensitivity, multipath effects and other issues. 

Taking a wider view of the goal in mind, these results may not in their isolation help to form classes of handsets, as there are no applications specified for these handsets. Moreover just categorising handsets by TTFF or GPS accuracy may not mean a great deal to the user who is only interested in using location services.

The logical approach would be to specify some kind of use classes that specifies the users scenarios in which the handset is being used and then extracts results from the GPS test for that specific scenarios. Figure 2, below illustrates the idea


[image: image2.wmf]GPS

Accuracy Test

GPS Dynamic

Test

GPS Sensitivity

Test

GPS

MultipathTest

Use classes

Use Scenarios

network initiated

fix

user initiated fix

GPS Protocol

Tests

Moving GPS

Tests

Stationary GPS

Tests

TTFF and re-

acquisition

time

GPS

Accuracy Test

GPS Dynamic

Test

GPS Sensitivity

Test

GPS

MultipathTest

TTFF and re-

acquisition

time

Pedestrian in

city

Pedestrian walking

with 3km/h, low rise

city, clear sky,

multipath effects,

one shot location

fix

Pedestrian in

rural

environment

Pedestrian walking

with 3km/h, rural

environment, clear

sky, no multipath

effects, multiple

shot location fix

In car

use in car travelling

at 40 Km/h,

In car with

navigation

application

in car travelling at

40 Km/h, multiple

shots


Figure 2 Use Cases and Various GPS Test

For example a user (pedestrian) in an urban environment (city centre) would like a location service for a restaurant. The user requests the location fix via GPS/AGPS service and once the user has obtained the direction to the requested restaurant the user switches the handset off. This type of requirement can be classed as a particular ‘use case’ or ‘use class’. Following on from this example we need to define the scenarios of this and other most likely use cases where the user is most likely to request a location services. 

Some of the most likely use cases are as follows: 

1. Pedestrian in rural environment 

2. Pedestrian in the city

3. In car

4. In car for navigation

Having identified the scenarios and the use cases, the handsets with embedded GPS/AGPS can be categorised to Class 1, Class 2 etc. For example class 1 would conform to the use classes defined as pedestrian use case in rural environment  and Class 3 handset would conform to in car use case.

 In each use case category, where applicable, the test highlighted in Table 2, Table 3 and Table 4 must be carried out in order to obtain the performance of the handset under those conditions.

Furthermore in the all of the use cases the minimum location requirement, e.g. FCC E911 must still be met. 

6 Conclusion

In conclusion we propose the following criteria to be taken into account when specifying GPS accuracy measurements:

· Use classes for a number of most likely use scenarios to be defined.

· Use classes to be used as the basis of handset classifications

· GPS performance must take into account stationary and moving situations and in both categories and must include the parameters highlighted in tables Table 2,Table 3,Table 4
· For most practical application the number of satellites to be limited to 4

· Signal strength, signal delay and signal refraction received at the GPS receiver must have environmental and atmospheric reference

· Test conditions and measurement methods must be agreed upon
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