
RF generator for all mobile radio stan-
dards plus GPS, Galileo and GLONASS
When equipped with the new R&S®SMBV-K94 software option, the R&S®SMBV100A vector signal gener-

ator can additionally generate GLONASS signals for the L1 and L2 bands. With the new extension, hybrid 

scenarios are available for simulating GLONASS, GPS and Galileo signals for constellations with up to 

12 satellites. And because the R&S®SMBV100A vector signal generator can also generate signals for all 

major mobile radio and audio broadcasting standards, it is rightly considered an all-purpose tool unique in 

its class.

The multitalented R&S®SMBV100A
The extensions for GLONASS turn the R&S®SMBV100A into 
a versatile GNSS simulator for all currently relevant standards, 
while its excellent RF characteristic allow it to function as a 
multidisciplinary vector signal generator – all in one box. It 
can simulate GPS, Galileo or GLONASS with up to 12 satel-
lites, or it can be configured to simulate a hybrid constellation 
of GPS, Galileo and GLONASS on the upper L1 / E1 band and 
of GPS and GLONASS on the lower L2 band. For details on 
GLONASS, see the box on pages 34/35.

The R&S®SMBV100A can simulate all GLONASS frequency 
numbers between –7 and 12, i.e. the subcarriers used by 
GLONASS satellites before 2005 as well as those used by 
GLONASS-M and GLONASS-K satellites (legacy FDMA sig-
nals) after 2005 (FIG 1).

A GLONASS receiver must be able to handle continually 
changing satellite scenarios. Satellites are in a good recep-
tion position for a short period of time and will then drop 
below the horizon, and other, previously unavailable sat-
ellites will rise into view. In Auto Localization mode, the 
R&S®SMBV100A uses sophisticated algorithms to simu-
late such scenarios by continually varying the satellite con-
stellation to ensure satellite visibility, thereby simulating a 
real-world scenario made up of visible satellites and usable 
constellations. The generator uses an extended ephemeris 
concept that allows the simulation to run longer than the 
standard short age of ephemeris data (30 minutes in the case 
of GLONASS and two hours for GPS). This is done by project-
ing ephemeris data into the future, thereby prolonging the 
data´s validity in order to allow the receiver module to acquire 
and track signals and obtain a position fix for a very long time.

FIG 1 Hybrid satellite configu-

ration with GLONASS, GPS and 

Galileo.
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WLANs are gaining in importance as a way to implement 
indoor localization, and can replace or complement satellite-
based localization in locations where signals are disturbed 
due to multipath reception. WLAN localization relies on mea-
suring the signal levels received from access points at the 
user’s location. If signals from multiple access points are 
available, the user’s position can be determined with relatively 
high precision. When equipped with the R&S®SMBV-K48 or 
-K54 WiFi option, the R&S®SMBV100A can also simulate such 
signals.

Applications
Typical applications and test cases for navigation systems in 
development and production have been described in detail in 
the previous issue*. The following applications are in addition 
to those previously published:

FIG 2 Hybrid satellite constellation including GLONASS (R), GPS (G) and 

Galileo (E) satellites.
* Signals for GPS, Galileo and digital communications standards in a single instrument. 
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The GLONASS global navigation satellite system
GLONASS is a global navigation satellite system (GNSS) offer-
ing worldwide coverage. It is expected to be completely oper-
ational by the end of 2011 with a total of 24 satellites. The sys-
tem is deployed by the Russian government as an alternative to 
the United States’ global positioning system (GPS). And because 
GLONASS is set up as a worldwide system, it is of interest glob-
ally for all navigation applications. Major chipset manufacturers 
are already working on modules that will support both GLONASS 
and GPS because manufacturers of smartphones and  navigation 
devices will integrate the new system into their products. Car 
manufacturers targeting the Russian market will also need naviga-
tion systems ready to handle GLONASS.

Enhanced location services with GLONASS
Location-based services (LBS) are growing exponentially, and they 
will soon be indispensable for many mobile users. GPS made it 
possible to integrate these services, and this system is still con-
sidered the only fully operational GNSS worldwide. LBS requires 
3D navigation, which calls for a line of sight (LOS) to at least four 
satellites at the user location in order to deliver a good position fix. 
This is not always possible in urban environments, where the LOS 
can be obstructed by shadowing. GLONASS and GPS together 

will improve this situation, providing up to 54 satellites in total, 
thereby increasing the availability and performance of navigation sys-
tems in these problem areas and improving LBS reliability.

GLONASS vs. Galileo
GLONASS was designed as an alternative to GPS and was not until 
recently intended as a complementary system. The center frequency 
of the Russian navigation system in the commercial upper RNSS 
band lies approximately 27 MHz above the center frequency of the 
GPS L1 band (FIG 4). That makes it more difficult for chipset manu-
facturers to develop hybrid receivers that support both systems.

Galileo, the independent European GNSS, was originally designed as 
the complementary system for GPS. Both systems use CDMA mod-
ulation and employ a dedicated spreading code for each satellite. In 
addition, GPS and Galileo share the same frequencies in the upper 
RNSS band, also called the L1 / E1 band, and minimize inter-/intra-
system interference by applying binary offset carrier (BOC) modula-
tion and assigning dedicated orthogonal spreading codes (pseudo 
random noise; PRN) to each satellite. Because Galileo has been 
delayed and the first operational satellites will not be available until 
2014, GLONASS is now filling in as a complementary system to GPS 
to improve LBS.

GLONASS and GNSS cross-correlation tests
The R&S®SMBV100A can now simulate hybrid satellite con-
stellations with GLONASS / GPS / Galileo in the L1 band 
(FIG 2) and also simulate PRN cross correlation and intersys-
tem interference among the various GNSS. The Static simu-
lation mode on the R&S SMBV100A is the optimal mode for 
cross-correlation tests with a very high signal fidelity.
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FIG 3 Input field for configuring system time conversion.

Abbreviations
GNSS Global navigation satellite system
GPS Global positioning system
LBS Location-based services
RNSS Radio navigation satellite services
PRN Pseudo random noise

FIG 4 GNSS bands for GLONASS, GPS and Galileo.

GLONASS system parameters
GLONASS is FDMA based, and therefore one subcarrier is allo-
cated to, but not reserved for, a specific satellite. Two satellites can 
share the same frequency number if they are located at diametri-
cally opposite positions in the same orbit, which means they cannot 
both be seen at the same time by a user on the ground. All satellites 

Interferer tests
Mobile phone chipsets provide functionality for multiple wire-
less standards. It is therefore important to test GLONASS, 
GPS and Galileo while the terminal is exposed to WLAN, 
Bluetooth® and other signals to ensure that such signals do 
not impair its navigation capability. Static mode is recom-
mended when satellite carrier-to-noise (C/N) measurements 
are performed. Auto Localization mode, on the other hand, is 
ideal when the effect of interference on position fixing is to be 
determined.

System time conversion
GLONASS system time is different from GPS system time. 
This is one of the reasons why hybrid localization using GPS 
and GLONASS previously required five instead of four satel-
lites for a 3D position fix. The fifth satellite was used to pro-
vide system time conversion between the two GNSS. This 
changed with the modernization of GLONASS, since the new 
GLONASS-M satellites transmit information about the time 
difference between the two systems. The R&S®SMBV100A 
offers an input field in User Localization mode that let users 
conveniently configure phase and frequency drifts between 
different GNSS (FIG 3).

Rachid El Assir; Markus Lörner

additionally share one spreading code that is optimized for noise 
suppression.

Subcarriers are allocated to GLONASS in the upper and lower 
bands as follows:

FL1 (MHz) = 1602 + (k × 0.5625)

FL2 (MHz) = 1246 + (k × 0.4375)

where the frequency number k is between –7 and 6 for all 
GLONASS-M satellites launched after 2005, and between 0 and 
12 for satellites launched before 2005.

The modernization of GLONASS will be continued as part of the 
GLONASS-K program. In the future, Russian satellites are to 
broadcast optimized CDMA signals in the GPS and Galileo L1 /
E1 bands as well as in other bands in order to harmonize the 
GLONASS system with GPS and Galileo.
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