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Vector Signal Generator R&S ® SMU200A

Digital fading simulator with 
unrivalled characteristics

Impairments and various problems 

such as Doppler shifts and construc-

tive or destructive superposition of 

multipath propagation with different 

signal delays may occur during the 

radio transmission of signals. The 

mobile radio standards stipulate 

appropriate measurements with 

defined channel models to ensure 

that radio systems are not impaired by 

such channel characteristics.

Fading with all channel models

To perform these measurements, you 
need a fading simulator that is able to 
simulate the various channel models 
that occur when a signal is transmit-
ted from the transmitter (e.g. a base sta-
tion) to the mobile receiver (e.g. a mobile 
station). These channel models gen-
erally consist of superimposed single 
paths that are independent of each 
other and statistically modeled. With the 
two fading options R&S ® SMU-B14 and 
R&S ® SMU-B15 of the Vector Signal Gen-
erator R&S ® SMU200A (FIG 1), you can 
model both stationary and dynamic sys-
tems (see box at right). In stationary sys-
tems – with constant delays in the paths 

– you can set the individual fading paths 
in the path profile and in the path delay 
as required. Dynamic systems that may 

suddenly be subject to new propagation 
paths or to a change in delay are sim-
ulated in accordance with stipulations 
laid down in the 3GPP standard. FIGs 2 
and 3 show examples of baseband sig-
nals subjected to stationary and dynamic 
fading.

Unrivalled signal quality

The purely digital fading simulator in the 
R&S ® SMU200A offers numerous advan-
tages:
◆ Up/down conversion as well as A/D 

and D/A conversion of a conventional 
RF fading simulator are not required. 
The result is excellent and unrivalled 
signal quality even for signals with 
additive noise.

◆ The fading simulator is integrated 
into the vector signal generator. This 
provides a system solution at low 
cost, low weight and minimum space 
requirements. For example, if you 
install all options, you will have a 
single instrument that contains two 
independent signal generators. It will 
include fading and noise generation 
and occupy only four height units. 
Thus, it will meet performance test 
requirements for 3GPP FDD base sta-
tions in accordance with TS25.141.

◆ The fading simulators in the two 
paths may be connected in many 
different ways, thus significantly 
increasing the range of applications 
(e. g. for testing receive and transmit 
diversity).

With up to 40 paths for multipath fading 
and a delay resolution of up to 10 ps to 
meet the highest requirements for spa-
tial resolution, the R&S ® SMU200A 
fading simulator is ideal for all possible 

FIG 1 The Vector Signal Generator R&S ® SMU200A offers two complete signal generators with 
digital modulation capability in a single instrument.
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FIG 2
Baseband signal with QPSK modulation and rectangular filter 
that has been subjected to Rice fading (one path, stationary 
fading). As a result of the duration of luminescence set on the 
oscilloscope, the variation of the constellation points in phase 
and amplitude caused by the fading simulator is clearly visible.

FIG 3
Baseband signal with ASK modulation (only one 1 bit, then many 

0 bits) that has been subjected to dynamic fading (moving prop-
agation). Path P1 remains still while path P2 moves in time rela-
tive to P1. This is clearly visible due to the long duration of lumi-

nance set on the oscilloscope.

Special features of the 
R&S ® SMU200A fading option

◆ Dual-channel fading with variable 
connections and paths that can be 
correlated

◆ Extremely high signal quality
◆ Visual overview of the fading 

simulator configuration
◆ Easy operation
◆ Multipath fading with up to 

40 fading paths 
◆ Very high resolution of delay (up to 

10 ps)
◆ Comprehensive selection of pre-

defined settings in accordance 
with test specifications of all 
important mobile radio standards

Fast fading profiles 
Simulate fast signal level fluctuations that 
arise due to shifts between constructive 
and destructive interference during mul-
tipath propagation.

Pure Doppler fading Simulates a direct 
transmission path on which a Doppler shift 
occurs due to the receiver being in motion.

Rayleigh fading Simulates a radio hop 
that arises as a result of scatter caused by 
obstacles in the signal path (buildings, etc).

Rice fading Models a Rayleigh radio hop 
along with a strong direct signal.

Slow fading profiles
Simulate slow variations in level that  
can occur due to shadowing effects (e.g. in 
tunnels).

Lognormal fading Simulates an addi-
tional slow fluctuation of the received 
amplitude of a receiver in motion. This 

can occur due to landscape or topograph-
ical features (e.g. when driving through a 
depression). Lognormal fading has a multi-
plicative effect on the path loss. The multi-
plication factor is time-variable and lognor-
mally distributed.

Suzuki fading Suzuki fading is lognormal 
fading while a Rayleigh profile is active.

Dynamic fading
Simulates dynamic propagation conditions 
in accordance with test cases specified in 
the 3GPP standard.

Birth death propagation Simulates 
sudden variations in delay, e.g. with 
sudden disappearance and reappear-
ance of a signal. This may occur, for exam-
ple, when a pedestrian making a call walks 
around the corner of a building).

Moving propagation Simulates slow 
variations in delay.

The R&S ® SMU200A offers all fading profiles
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applications in research, development 
and testing. The technical implementa-
tion including state-of-the-art field pro-
grammable gate arrays (FPGAs) and 
18 × 18 bit multipliers ensures adapt-
ability to future requirements. Last but 
not least, the fading simulator is unri-
valled owing to its easy installation and 
upgradeability, requiring no calibration 
as the instrument is implemented digi-
tally.

Clear and convenient operation via a 
block diagram and independent menus 
make its configuration child’s play for 
any requirement (FIG 4). Graphical dis-
plays allow you to perform visual checks 
of generated signals at any time. A 
wide selection of predefined settings 
in accordance with the specifications 
of all important mobile radio standards 
enables you to make complex settings 
with just one click. Yet, all important 
parameters can be changed individually.

Wolfgang Kufer; Silvia Brunold
FIG 4 The R&S ® SMU200A fading simulator is easy and safe to operate. The block diagram shows its circuitry and 
the selected configuration. The path table provides an overview of the numeric settings, and the path graphic allows 
you to perform a fast visual check of active paths.

Further information on the R&S ® SMU200A
The Vector Signal Generator R&S ® SMU is continuously evolv-
ing. This is reflected by many articles published in News from 
Rohde & Schwarz. There is hardly an issue that does not pres-
ent an expansion of this signal generator. The current issue 
contains three articles on the R&S ® SMU200A: The new 
fading option (page 16), CDMA2000 ® and 1xEV-DV signals for 

demanding test scenarios (page 19), convenient generation of 
3GPP FDD HSDPA signals (page 22). Articles in previous issues 
(see below) plus extensive additional detailed information and 
manuals can be found on the Rohde & Schwarz website at 
www.rohde-schwarz.com.
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An outstanding achievement: The 

R&S ® SMU200A as the follow-up 

instrument to the successful Signal 

Generator R&S ® SMIQ excels at flex-

ibility and performance. It is the first 

high-end generator able to offer two 

complete signal generators with 

digital modulation capability in a 

single instrument.

Modular design for user-friendly 

solutions

The new Vector Signal Generator 
R&S ® SMU200A is based on a pow-
erful system platform with a fast pro-
cessor and SVGA colour display (800 × 
600 pixels). Occupying only four height 
units, it offers space for up to two RF 
paths – and the user is able to choose 
from four different frequency options 
(upper frequency limit 2.2/3/4/6 GHz) 
for the first RF path. In addition, a 
second RF path with an upper frequency 

limit of up to 2.2 GHz or 3 GHz can be 
installed. The lower frequency limit is 
100 kHz for all options. Both RF paths 
have I/Q modulation capability via the 
internal baseband section of the gener-
ator. The first RF path can also be modu-
lated with external analog I/Q signals.

The baseband section of the R&S®SMU 
is completely digital and can accommo-
date up to two I/Q baseband generators. 
Their output signals can be provided 
with a frequency offset in the baseband 
and added as well. 
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Vector Signal Generator R&S ® SMU200A

The art of signal generation

FIG 1

Visionary: The new Vector Signal 

Generator R&S ® SMU200A offers 

two complete signal generators 

with digital modulation capability in 

a single instrument and facilitates 

the overview due to a novel operat-

ing concept.
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Vector Signal Generator R&S ® SMU200A

Noise – an annoyance? 
Not with the new noise option!

With its outstanding signal quality, 

the Vector Signal Generator 

R&S ® SMU200A meets all expecta-

tions even in the most demanding 

applications [*]. Users frequently need 

to intentionally apply noise to – or 

otherwise affect – the “ideal” signal 

from this generator. The secret is addi-

tive white Gaussian noise (AWGN). 

Yet, even this noise signal needs to be 

“ideal“. A contradiction in terms? Not 

with the new option Additive White 

Gaussian Noise R&S ® SMU-K62 for 

generating noise.

Intentional noise

The predefined AWGN signal of the 
option Additive White Gaussian Noise 
R&S ® SMU-K62 is typically superimposed 
on the ideal signal generated in the 
baseband by the Vector Signal Genera-
tor R&S ® SMU200A. Many telecommuni-
cations standards require precisely this 
combination of ideal and noise signals. 
This makes AWGN signals extremely 
important in telecommunications.

Superimposing white Gaussian noise 
on transmitter signals is an important 
standard method used in tasks such as 
determining receiver sensitivity. “White” 
indicates a constant spectral power den-
sity, i.e. successive noise values are sta-
tistically independent of each other. 
The noise power density is Gaussian 
and equally distributed across the fre-
quency (FIG 1). Typical applications for 
R&S ® SMU-K62 are bit error or block 
error measurements as a function of 
the defined C/N ratio, such as required 
when testing 3GPP FDD base stations in 
accordance with TS25.141.

The R&S ® SMU-K62 software option 
offers two modes. In the first, you can 
add the noise signal to the baseband 
signal (Additive Noise mode). In the 
second, you can modulate the noise 
signal as a noise-only signal on the car-
rier (Noise Only mode). In the two-path 
configuration, R&S ® SMU-K62 provides 
two independent noise generators, thus 
making many new applications possible.

You can easily perform a visual inspec-
tion of the cumulative signal obtained 
from the ideal signal and noise signal 
without additional measurement devices. 
One alternative is to display the cumu-
lative signal as a small graphic in the 
block diagram, providing you with a 
simple overview (FIG 2). Another is to 
display the cumulative signal in a sepa-
rate window as a large diagram contain-
ing detailed information (FIG 3). With its 
state-of-the-art FPGAs, R&S ® SMU-K62 
can also handle future requirements.
Gerhard Miller; Frank-Werner Thümmler

FIG 1
Left: I/Q plot of a noise signal from R&S ® SMU-K62. 

The colours indicate the frequency distribution, with 
decreasing frequency from inside to outside. 

Right: Section through the I/Q plot, with a numeric 
limit of 18 dB.

FIG 2 Additive White Gaussian Noise R&S ® SMU-K62 is easy to operate. You can display the output signal from the 
baseband as a graphic on the block diagram, or you can display it in large format in a separate window (FIG 3).
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FIG 3 Left: 3GPP ideal signal (bandwidth 3.84 MHz); center: noise signal (bandwidth 12.4 MHz); right: cumulative signal.

� Wide, scalable noise bandwidth 1 kHz to 60 MHz
� Barely detectable ripple in the noise power density 

 spectrum 0.01 dB within the selected bandwidth
� Variable over broad range C/N or Eb/N0 ratio between 

–30 dB and +30 dB
� Crest factor of 18 dB Significantly exceeds the requirements 

of current mobile radio standards, which require min. 12 dB
� Minimum deviations Close adherence to the defined ideal/

noise power (<0.1 B) 
� Independent Since no A/D and D/A converters are required, 

independent with respect to temperature drift, frequency 
response and nonlinearities

� Important Uncorrelated I and Q paths
� Decisive Reproducible tests due to internal digital signal 

generation with pseudo-noise generators and simultane-
ous large period length of the AWGN signal

� Virtually unbelievable Internal period between 
317 years at minimum bandwidth and approx. two days 
at maximum bandwidth (for 3GPP FDD with a bandwidth 
of 3.84 Mchip/s, the period is approx. one month; for GSM 
with 270.833 ksymbol/s, the period is 427 days)

More information and data sheets 
plus an electronic configurator at 

www.rohde-schwarz.com 
(search term: SMU200A)

REFERENCES
 [*] Vector Signal Generator R&S ® SMU200A: 

The art of signal generation. News from 
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Vector Signal Generator R&S ® SMU200A

Complex signal scenarios 
at almost no effort

FIG 1b 
You can also route two baseband generators to one RF path to 
generate very complex signals on one carrier frequency. In this 
case, no second RF path is required, as shown in the figure. If a 
second path is available however, you would even be able to gen-
erate another (unmodulated) signal.

The high-end Vector Signal  Generator 

R&S ® SMU200A can house two 

complete generators with digital 

modulation capability in a single 

instrument [1]. This design not only 

saves 50% in space but also enables 

you to use applications that have 

previously either not been possible at 

all or only at high cost and effort.

Fast, two-path solution

A fully two-path R&S ® SMU (i.e. with 
two baseband generators and two RF 
paths, FIG 1a) instead of two separate 
generators offers significant advan-
tages. A classic application is the testing 
of receivers by superimposing an inter-
fering signal. One path of the R&S ® SMU 
generates the useful signal, the other 
the interferer. You can thus carry out 
tests on 3GPP base stations in accor-
dance with TS25.141, for example, using 
both unmodulated and QPSK-modulated 
interferers. Also, the addition of noise 
(AWGN) is possible in both paths [2].

A high-end generator like the R&S ® SMU, 
however, enables you to use measure-
ment methods far beyond such stan-
dard scenarios. Every R&S ® SMU base-
band generator contains a powerful arbi-
trary waveform generator (ARB) which 
is fully supported by Simulation Soft-
ware R&S WinIQSIM™. You can even 

use multicarrier signals as interfer-
ers. For example, the receiver of a 3GPP 
mobile station can be tested during high 
network activity (i.e. the base station is 
transmitting on adjacent carrier frequen-
cies simultaneously). A further applica-
tion is the simultaneous simulation of 
different mobile radio standards, e. g. 
one path generates a 3GPP signal while 
the other generates a GSM carrier.

You can also route two baseband gen-
erators of an R&S ® SMU to one RF path 
(FIG 1b). Their signals can be digitally 
added including power and frequency 
offset. The generator thus produces 
extremely complex signal scenarios that 
are highly similar to real conditions. 

One scenario currently of great impor-
tance is the coexistence of differ-
ent data transmission systems such 
as WLAN 802.11 or Bluetooth®*. Like 
WLAN 802.11 b and g, Bluetooth® uses 
the 2.4 GHz ISM band. Thus, if a WLAN 
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FIG 2
With a two-path R&S ® SMU, you can test the 

receiver quality of a WLAN card if a Bluetooth 
network is active in the same environment. In this 

case, a signal scenario like that shown in the time /
frequency diagram will be generated. Baseband A 

generates the Bluetooth signal including the fre-
quency hops (here, one Bluetooth master [yellow 

bar] and one Bluetooth slave [red bar]). Baseband B 
generates a WLAN signal at 2462 MHz (indicated by 

the light blue area).

The two basic configurations of the two-path R&S ® SMU:

FIG 1a 
The R&S ® SMU is a fully two-path vector signal generator, i.e. it 
has two baseband generators and two RF paths (two signal gen-
erators in one instrument). This is the ideal configuration if you 
want to use two paths independently of each other. This is also the 
optimum configuration for many receiver tests in which the useful 
signal and the interfering signal greatly differ in power and fre-
quency offset (e. g. out-of-band blocking).
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* The Bluetooth word mark and logos are owned 
by the Bluetooth SIG, Inc. and any use of such 
marks by Rohde & Schwarz is under license.
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