
Radionavigation Satellite Services (RNSS) 

Abstract 

Satellite navigation is playing a growing role within all areas of today's mobile society. Navi-
gation receivers are made for aircraft, ships, ground vehicles, and for hand carrying by indi-
viduals. This report describes briefly the US American GPS and the Russian GLONASS sys-
tem which were designed and controlled by and for the military. An outlook is given on the 
future European GALILEO system which is designed for civil applications as well as on the 
three independent satellite based augmentation systems which will fulfil the requirements for 
high quality positioning information for aviation.  



1 Introduction 
Satellite navigation is playing a growing role within all areas of today's mobile society. Cur-
rently the US American GPS and the Russian GLONASS, both designed for and controlled 
by the military, exist. 

Radionavigation receivers are mainly used for navigation, positioning, time dissemination, 
and research. Each receiver converts the satellite signals into position, velocity, and time 
estimates. Four satellites are required to compute the four dimensions of X, Y, Z (position) 
and time. Navigation in three dimensions is the primary function. Navigation receivers are 
made for aircraft, ships, ground vehicles, and for hand carrying by individuals. In the past, 
civilians mainly used radionavigation receivers for: 

• Precise positioning 
• Surveying, geodetic control, and plate tectonic studies. 
• Time and frequency dissemination, based on the precise clocks on board the satellites 

and controlled by the monitor stations. Astronomical observatories, telecommunications 
facilities, and laboratory standards can be set to precise time signals or controlled to ac-
curate frequencies for special purposes by radionavigation receivers. 

• Research projects have used radionaviagation signals to measure atmospheric parame-
ters. 

However, future applications are expected to be for: 

• police, fire brigades, ambulances, but also for emergency, security, search, and rescue 
operations 

• hazardous or extremely valuable goods tracking 
• aviation industry 
• agriculture (yield mapping) 
• fleet and cargo management 
• harbor docking 
• road pricing and tolling 
• route guidance 
• leisure 
• sport 
• exploitation of synergies of other technologies (internet, WAP, UMTS, satellite imagery) 
• added value for location identification 

Most of the expected future applications represent typical mass market applications. It is ex-
pected, that a growing industry will generate new applications and products in this area. This 
is one of the reasons while the European Union has strong interests in a civil and indepen-
dent radionavigation system. 

2 Global Positioning System (GPS) 
The NAVSTAR Global Positioning System, usually called GPS, is funded and controlled by 
the U. S. Department of Defense (DoD). While there are many thousands of civil users of 
GPS world-wide, the system was designed for and is operated by the U. S. military. GPS 
provides specially coded satellite signals that can be processed in a GPS receiver, enabling 
the receiver to compute position, velocity and time. Four GPS satellite signals are used to 
compute positions in three dimensions and the time offset in the receiver clock. 
The space segment of the GPS system consists of 24 satellites that orbit around the earth in 
about 12 hours. There are often more than 24 operational satellites as new ones are 
launched to replace older satellites. The satellite orbits repeat almost the same ground track 
(as the earth turns beneath them) once each day (4 minutes earlier each day). There are six 
orbital planes (with nominally four satellites in each), equally spaced (60 degrees apart), and 
inclined at about fifty-five degrees with respect to the equatorial plane. This constellation pro-
vides the user with between five and eight satellites visible from any point on the earth.  



The ground segment is located at Schriever Air Force Base in Colorado [5]. This monitor 
station measures signals from the satellites which are incorporated into orbital models for 
each satellites. The models compute precise orbital data (ephemeris) and clock corrections 
for each satellite. The Master Control station uploads ephemeris and clock data to the satel-
lites. The satellites then send subsets of the orbital ephemeris data to GPS receivers over 
radio signals. 
The GPS system development actually began in the early 1970s. The basic structure of the 
signals transmitted by the GPS satellites has not changed significantly in the ensuing quarter 
century -- a very long time on the technology development time scale. 

2.1 Services 
In the past, civil users worldwide could only use the Standard Positioning Service (SPS). The 
DoD intentionally degraded the signals to limit accuracy for civil users by a so called Selec-
tive Availability (SA) bias. The SA bias on each satellite signal was different, and so the re-
sulting position solution was a function of the combined SA bias from each satellite used in 
the navigation solution. Because SA was a changing bias with low frequency terms in excess 
of a few hours, position solutions or individual satellite pseudo-ranges cannot be effectively 
averaged over periods shorter than a few hours. Differential corrections must be updated at a 
rate less than the correlation time of SA (and other bias errors). The potential accuracy of 
around 25 m was reduced to:  
• 100 m horizontal accuracy 
• 156 m vertical accuracy 
• 340 ns time accuracy 
 
Authorized users with cryptographic equipment and keys and specially equipped receivers 
were restricted to the use of the Precise Positioning System (PPS) of GPS. Only U. S. and 
Allied military, and certain U. S. Government agencies could use the PPS. PPS accuracy is: 
• 22 m horizontal accuracy 
• 27.7 m vertical accuracy 
• 200 ns time accuracy 

2.2 Frequencies and Coding 
The GPS satellites carry very stable atomic clocks that are used to derive the ranging sig-
nals. The satellites transmit two microwave carrier signals. The L1 frequency (1'575.42 MHz) 
carries the navigation message and the SPS code signals. The L2 frequency (1'227.60 MHz) 
is used to measure the ionospheric delay by PPS equipped receivers. Three binary codes 
shift the L1 and/or L2 carrier phase.  
• The C/A Code (Coarse Acquisition) modulates the L1 carrier phase. The C/A code is a 

repeating 1 MHz Pseudo Random Noise (PRN) Code. This noise-like code modulates the 
L1 carrier signal, "spreading" the spectrum over a 1 MHz bandwidth. The C/A code re-
peats every 1'023 bits (one millisecond). There is a different C/A code PRN for each sa-
tellite. GPS satellites are often identified by their PRN number, the unique identifier for 
each pseudo-random-noise code. The C/A code that modulates the L1 carrier is the basis 
for the civil SPS. 

• The P-Code (Precise) modulates both the L1 and L2 carrier phases. The P-Code is a 
very long (seven days) 10 MHz PRN code. In the Anti-Spoofing (AS) mode of operation, 
the P-Code is encrypted into the Y-Code. The encrypted Y-Code requires a classified AS 
Module for each receiver channel and is for use only by authorized users with crypto-
graphic keys. The P (Y)-Code is the basis for the PPS. 

• The Navigation Message also modulates the L1-C/A code signal. The Navigation Mes-
sage is a 50 Hz signal consisting of data bits that describe the GPS satellite orbits, clock 
corrections, and other system parameters. 

2.3 Differential GPS (DGPS) Techniques 
Differential corrections may be used in real-time or later, with post-processing techniques. 
The idea behind all differential positioning is to correct bias errors at one location with meas-



ured bias errors at a known position. A reference receiver, or base station, computes correc-
tions for each satellite signal. 
Because individual pseudo-ranges must be corrected prior to the formation of a navigation 
solution, DGPS implementations require software in the reference receiver that can track all 
satellites in view and form individual pseudo-range corrections for each satellite. These cor-
rections are passed to the remote-receiver which must be capable of applying these individ-
ual pseudo-range corrections to each satellite used in the navigation solution. Applying a 
simple position correction from the reference receiver to the remote receiver has limited ef-
fect at useful ranges because both receivers would have to be using the same set of satel-
lites in their navigation solutions to be identically affected by bias errors (not possible at dif-
ferent locations). 
 
Real-time corrections can be transmitted by radio link. The U. S. Coast Guard maintains a 
network of differential monitors and transmits DGPS corrections over radiobeacons covering 
much of the U. S. coastline. DGPS corrections are often transmitted in a standard format 
specified by the Radio Technical Commission Marine (RTCM). 
Corrections can be recorded for post processing. Many public and private agencies record 
DGPS corrections for distribution by electronic means. 
Private DGPS services use leased FM sub-carrier broadcasts, satellite links, or private radio-
beacons for real-time applications. 
DGPS removes common-mode errors, those errors common to both the reference and re-
mote receivers (not multipath or receiver noise). Errors are more often common when re-
ceivers are close together (less than 100 km). A differential position accuracy of 1-10 m is 
possible with DGPS based on C/A code SPS signals. 

3 Global Navigation Satellite System (GLONASS) 
The Russian military identified, in the late 1960s a need for a satellite radio navigation sys-
tem for use in precision guidance of new generation of ballistic missiles in planning. The ex-
isting Tsiklon satellite navigation system required several minutes of observation by the re-
ceiving station to fix a position making them unusable for navigation positioning purposes. In 
1968 to 1969 research institutes of the Ministry of Defense, Academy of Sciences, and So-
viet Navy joined together to establish a single solution for air, land, sea, and space forces. 
This resulted in a 1970 requirements document that established the requirements for such a 
system. After further basic research in 1976 a decree was issued by the Soviet Union estab-
lishing the Global'naya Navigatsionnaya Sputnikovaya Sistema (GLONASS, Global Naviga-
tion Satellite System). In 1982 the first satellite of GLONASS were set into orbit, and the ex-
perimental work began. Over this time span, the system was tested, and different aspects 
were improved, including the satellites themselves. Although the initial plans pointed to 1991 
for a complete operational system, the deployment of the full constellation of satellites has 
been completed in early 1996. Because its signal is free of SA and antispoofing (AS) encryp-
tion and is available worldwide, it offers the international time metrology community a useful 
additional tool for high-accuracy time transfer. The use of GLONASS signals was restricted 
for a long time, because no commercial time receivers were available. This has recently 
changed, though, as commercial entities have unveiled new GLONASS units. 
The space segment of GLONASS, was planed to be formed by 24 satellites located on three 
orbital planes which are 120 degrees apart. 8 satellites are equally spaced in each plane. 
Each GLONASS satellite operates in circular 19'100 km orbits at an inclination angle of 64.8 
degrees and each satellite completes an orbit in approximately 11 hours 15 minutes. The 
spacing of satellites in orbits is arranged so that a minimum of 5 satellites are in view to us-
ers world-wide, with adequate geometry, i.e. GLONASS constellation allows to provide conti-
nuous and global navigation coverage for performing of successful navigation observations. 
The ground control segment of GLONASS is entirely located in former Soviet Union territory. 
The Ground Control Center and Time Standards in Moscow and the telemetry and tracking 
stations in St. Petersburg, Ternopol, Eniseisk, Komsomolsk-na-Amure. 



The coordinate system of the GLONASS satellite orbits is defined according to the PZ-90 
system, formerly the Soviet Geodetic System 1985/1990. The time scale is defined as Rus-
sian UTC. 

3.1 Services 
The GLONASS system is managed for the Russian Federation Government by the Russian 
Space Forces. It has two types of navigation signals: standard precision navigation signal 
(SP) and high precision navigation signal (HP). SP positioning and timing services are avail-
able to all GLONASS civil users on a continuous, worldwide basis and provide the capability 
to obtain horizontal positioning accuracy within 57 - 70 m (99.7 % probability), vertical posi-
tioning accuracy within 70 m (99.7 % probability) and velocity vector components measuring 
accuracy within 15 cm/s (99.7 % probability). These characteristics may be significantly in-
creased using differential mode of navigation and special methods of measurements (e.g. 
carrier phase etc.). HP positioning increases the accuracy for GLONASS users in the range 
of 10 to 20 m. 

3.2 Frequencies 
GLONASS broadcast its signals on 48 frequencies. L-Band navigation signals in 25 channels 
separated by 0.5625 MHz intervals in 2 frequency bands: L1 = 1'602.5625 - 1'615.5 MHz and 
L2 = 1'240 - 1'260 MHz. However some satellites have the same frequencies but those satel-
lites are placed in antipodal slots of orbit planes and they do not appear at the same time in 
user's view. 

3.3 Future 
The constellation is currently operating in a degraded mode with only some satellites fully 
operational. But there is work underway to modernize the system. The new GLONASS-M 
satellite will have better signal characteristics as well as a longer design life (7-8 years in-
stead of the current 3 years). In the future, plans are being developed to transition to low 
mass third generation GLONASS-K satellites with a guaranteed lifespan of 10 years. 

4 GALILEO 
The American GPS and the Russian GLONASS navigation system have been designed to 
determine the position of military objectives, vehicles or units, with great accuracy. These 
networks can be used for civil purposes, but they have several serious drawbacks: no guar-
antee or liability cover is provided by their operators with all the implications that might imply 
in the event, for example, of air accidents; 
reliability which is uncertain: e.g. users are not informed immediately of errors that occur, and 
transmission is sometimes unreliable, particularly in towns and regions situated in the high 
latitudes of northern Europe, moderate precision (of the order of only 70 to 100 m) for appli-
cations which require rapid positioning. It is for these reasons that the European Union de-
velops GALILEO which is scheduled for 2008. It is a system which the European Space 
Agency (ESA) will control and which is intended to meet the increasing demands for preci-
sion, reliability and safety. It is being designed as an independent, global, civil-controlled sys-
tem which will be used, together with other RNSS systems, as a key element of the second-
generation global navigation-satellite system, GNSS-2. 
According to the results of their studies, the European Authorities have selected the Medium 
Earth Orbit (MEO) concept for a world wide constellation. The validation phase will start in 
2005 with a minimum of 3 satellites in orbit. This validation period will be followed by the dep-
loyment of the full constellation and the corresponding ground control segment. 
It is foreseen that GALILEO will provide open access and controlled access services, includ-
ing reliable signals for safety-of-life applications, such as civil aviation and maritime transport. 
GALILEO will send signals on at least two carrier frequencies that will either be freely ac-
cessible or partly or completely encrypted, depending on the level of service acquired by the 
user. 



5 Comparison 
The three radionavigation systems introduced above are briefly compared in Table 1. 
 GPS GLONASS GALILEO 
Country of origin USA Russia European Union 
Operated by Department of Defense Russian Space Agency European Space Agen-

cy 
Number of satellites 24 (+spares) MEOs ∼ 24 MEOs 30 MEOs 
Number of orbit 
planes 

6 3 3 

Inclination 55 deg 64.8 deg 56 deg 
MEO altitude 20'350 km 19'140 km 23'616 km 
Period 11h 56m (716 min) 11h 15m (675min) 14h 5m (845 min) 
First satellite in 
space 

 1982 2005 

System completed 
(fully operational) 

1990 1996 2011 

Downlink L1 = 1'559 - 1'602.5 
MHz 
L2 = 1'215 - 1'240 MHz 
L5 = 1'164 - 1'188 MHz 

G1=1'602.5 - 1'615.5 
MHz 
G2=1'240 - 1'260 MHz 

E5 = 1'188 - 1'215 MHz 
E6 = 1'260 - 1'300 MHz 
C1 = 5'010 - 5'030 MHz 

Uplink   1'300 - 1'350 MHz 
5'000 - 5'010 MHz 

Signalling Spread Spectrum FDMA BPSK / BOC 
Accuracy for mass 
market users (free 
of charge) 

SPS 
100 m horiz. accuracy 
156 m vertic. accuracy 
340 ns time accuracy 

SP 
70 m horiz. accuracy 
57 ... 70 m vertic. accu-
racy 

OAS 
5 ... 30 m 
100 ns 

Accuracy for paying 
(professional) users 

  CAS-1 
6 m accuracy 
20 ns time accuracy 

Accuracy for safety/ 
military users 

PPS 
22 m horiz. accuracy 
27.7 m vertic. accuracy 
200 ns time accuracy 

HP 
10 ... 20 m 

CAS-2 
4 m 
20 ns time accuracy 

Table 1: System comparison 
 
WRC- 2000 allocated the bands 1'164 – 1'215 MHz, 1'260 – 1'300 MHz and 5'010 – 5'030 
MHz to the RNSS (space-to-Earth) (space-to-space) in accordance with Resolutions 604, 
605 and 606 (WRC-2000). These new allocations are essential for the development and en-
hancement of new and existing RNSS systems like GALILEO, GPS and GLONASS (Figure 
1). 

 
Figure 1: Radionavigation-satellite frequencies requested at WRC-2000  



 

Additionally, WRC-2000 opened two bands for RNSS uplinks: 1'300-1'350 MHz and 5'000-
5'010 MHz. 

6 Global Positioning and Navigation Satellite System (GNSS) 
The Global Positioning and Navigation Satellite System GNSS is being carried out in two 
stages: GNSS-1, the first generation system, based on signals received by the existing 
American GPS and Russian GLONASS constellations, and GNSS-2, the second generation, 
that will provide improved navigation and positioning services to civil users. GALILEO will be 
Europe's contribution to GNSS-2. 

6.1 GNSS-1: Satellite Based Augmentation Systems (SBASs) 
The basic GPS and GLONASS services fail to meet the accuracy, availability, and integrity 
(the ability of a system to provide timely warnings to users or to shut itself down when it 
should not be used for navigation) requirements critical to safety of flights. In order to meet 
these requirements, Europe, North America and Japan currently develop three independent 
Satellite Based Augmentation Systems (SBASs, see Figure 2) called EGNOS, WAAS and 
MSAS. SBAS is a kind of DGPS. 

 
Figure 2: Three independent Satellite Based Augmentation Systems (Source: ESA) 
 
EGNOS, WAAS and MSAS are safety-critical navigation systems that will provide high quali-
ty positioning information for aviation. It is what the name implies, a geographically expansive 
augmentation to the basic GPS and GLONASS services. The SBASs improve the accuracy, 
integrity, and availability of the basic GPS and GLONASS signals. In a later stage EGNOS, 
WAAS and MSAS will be fully interoperable (Figure 3). 

 
Figure 3: Interoperable Satellite Based Augmentation Systems (Source: ESA) 

6.1.1 European Geostationary Navigation Overlay Service (EGNOS) 
Within GNSS-1, the European Union, the European Space Agency and Eurocontrol are in 
the process of developing the European Geostationary Navigation Overlay Service 
(EGNOS). EGNOS aims at augmenting the performance of GPS and GLONASS in terms of 
precision and data integrity within ITU-R Region 1. EGNOS is now becoming a reality as a 
test bed - a simplified version of the fully fledged system has recently been readied. 



The system is based on use of ground infrastructure and three geostationary satellites. 
These satellites are equipped with dedicated navigation transponders to augment the posi-
tioning services currently offered by the GPS and GLONASS constellations. The EGNOS 
ground infrastructure will be deployed over 34 sites, mostly in Europe. 
The EGNOS system will be qualified at the end of 2003 and will provide in Europe an opera-
tional satellite navigation service which will later be improved with the operational introduc-
tion of GALILEO (in 2011). 

6.1.2 Wide Area Augmentation System (WAAS) 
In the US, the Federal Aviation Administration (FAA) leads the development of the Wide Area 
Augmentation System (WAAS), covering essentially continental US area, Canada and Mex-
ico. 
The WAAS is based on a network of approximately 25 ground reference stations. Signals 
from GPS satellites are received by wide area ground reference stations. Each of these pre-
cisely surveyed reference stations receive GPS signals and determine if any errors exist. 
These reference stations are linked to form the U.S. WAAS network. Each reference stations 
in the network relays the data to the wide area master station where correction information is 
computed. The wide area master station calculates correction algorithms and assesses the 
integrity of the system. A correction message is prepared and uplinked to a GEO via a 
ground uplink system. The message is then broadcast on the same frequency as GPS 
(1'575.42 MHz) to receivers on board aircraft which are flying within the broadcast coverage 
area of the WAAS. The communications satellites also act as additional navigation satellites 
for the aircraft, thus, providing additional navigation signals for position determination. 
The WAAS will improve basic GPS accuracy to approximately 7 m vertically and horizontally, 
improve system availability through the use of geostationary communication satellites 
(GEOs) carrying navigation payloads, and to provide important integrity information about the 
entire GPS constellation. 

6.1.3 MTSAT Satellite Based Augmentation System (MSAS) 
In Japan, the Japanese Civil Aviation Bureau is implementing the MTSAT Satellite Based 
Augmentation System (MSAS), which shall cover the flight instrumental region associated to 
Japan. Although all SBAS are regional systems, it is commonly recognized the need to es-
tablish adequate co-operation/co-ordination among SBAS providers so that their implementa-
tion becomes more effective and part of a seamless world-wide navigation system. 
EGNOS/MSAS and EGNOS/WAAS interoperability tests have been successfully performed 
during 1998, 1999 and 2000. 

Annex 
i. Acronyms 
AS AntiSpoofing 
BOC Binary Offset Carrier 
CAS Controlled Access Service 
CEPT Conference Européenne des administration des Postes et des Télécommunications 
C/A Coarse Acquisition 
DGPS Differential GPS 
DoD Department of Defense 
EGNOS European Geostationary Navigation Overlay System 
ESA European Space Agency 
GLONASS Global Navigation Satellite System 
GNSS Global Positioning and Navigation Satellite System  
GPS Global Positioning System 
HP High Precision 
MSAS MTSAT Satellite Based Augmentation System 
ITU-R International Telecommunication Union - Radiocommunication bureau 
OAS Open Access Service 
PPS Precise Positioning Service 
RNSS RadioNavigation Satellite System 



SA Selective Availability 
SBAS Satellite Based Augmentation System 
SP Standard Precision 
SPS Standard Positioning Service 
WAAS Wide Area Augmentation System 
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