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ABSTRACT

A novel channel diversity concept is proposed and demonstrated which avoids receiving signal deterioration due to mul-
tipath fading in mobile receivers. The system is based on coherent superposition of the signals received from several
transmitters supplying the same information at different frequencies.

Based on a software radio architecture this concept may increase the quality of mobile reception in modern receivers
considerably. Compared with multiantenna-receivers which overcome the multipath fading problem by simultaneously
receiving the same program at one frequency with several antennas, the proposed solution is advantageous, since it requires
only a single antenna. A demonstrator for FM broadcast reception is presented.

INTRODUCTION

Several concepts to improve FM radio receiving conditions have been presented in literature. A major cause for low
receiving quality in mobile receivers is multipath fading, which yields strong attenuation of the received signal. Methods
based on the constant modulus algorithm (CMA) can avoid some of the distortion introduced by multipath effects [1].
Unfortunately these algorithms yield problems in the case of fast fading conditions, since they cannot track the fast
variations of the channel parameters [2]. In the case of multipath fading antenna diversity allows to increase the signal
quality at the expense of the use of several antennas [3, 4].

Our proposed channel diversity concept makes use of the fact that the same radio information is supplied by various
transmitters at different frequencies as depicted in Fig. 1. The channel diversity approach implements a coherent super-
position of these multiple information to increase the reception quality [5]. The main advantage of the method presented
is its capability to compensate fast multipath fading, since it is unlikely that the multipath fading signal minima of two
channels will occur at the same location. This paper presents the channel diversity concept based on a direct digitizing
software radio architecture.

CHANNEL DIVERSITY IN A SOFTWARE RADIO ARCHITECTURE

In our mobile software radio architecture, the whole RF band is directly sampled after a low noise amplifier and an
antialiasing filter [6]. For our first demonstrator implementing FM reception, a sampling frequency of 56 MHz is sufficient
for direct digitizing the whole FM band via subsampling. Fig. 2 shows the used frequency plan. By filtering and

Fig. 1: Typical receiving situation for channel diversity Fig. 2: Frequency chart: direct digitizing of RF-signal



Fig. 3: Schematic overview of channel diversity in a software radio receiver

downsampling this signal, the different channels can be extracted from the same source via a software radio architecture.
An overview of the building blocks of our software radio implementation adapted for FM reception is given in Fig. 3.

Signals bearing the same information, being broadcasted by various transmitters at different frequencies, are substan-
tially for channel diversity. The main task in a channel diversity system is to extract an exact estimation of the time
respectively phase delay between the different channels allowing a coherent superposition of the signals. Before the
superposition the incoming signals have to be weighted by a quality factor for each individual signal, which leads to a
improvement in the resulting SNR. A detailed analysis of the channel model derived from Fig. 1 leads to a maximum
increasement in the SNR of

PSNR,comb=

N∑
i=1

PSNR,i , (1)

whereN denotes the number of used channels [7, 8].

APPLICABILTY OF CHANNEL DIVERSITY

Stationary Reception

Fig. 4 displays the area between two FM transmitters where channel diversity is applicable. This picture is based on a
simple channel model only implementing the free space attenuationA ∼ 1/r2 without multipath conditions. When the
location of the receiver is in the middle between two transmitters, the signals from both transmitters show about the same
SNR, yielding via (1) up to 3dB gain in the SNR by the use of channel diversity.

Modulation schemes showing threshold characteristics when the noise is increasing yield a higher improvement in
the signal-to-noise ratio, if the coherent superposition of the signals is done before demodulation. This is valid for FM
modulated systems where the FM threshold will be improved due to the increased signal-to-noise ratio now available for
the demodulator. It should be noted that the superposition before demodulation presses higher constraints on the accuracy
of the calculation of the time delays. The requirements on the tracking of the signal quality are relaxed in the stationary
case.

Mobile Reception

In a moving vehicle multipath propagation, which is independent of the signal strength, leads to deep fading conditions
even for a strong signal. The use of the information contained in a second — maybe in the average weaker — signal, will
yield an improvement of the reception. Here the constraints on the signal quality tracking are much higher than in the
stationary case. Especially when moving at higher speeds, the requirements on the updating speed for the signal quality
has to be increased due to the faster movement through the wavefield.



Fig. 4: Area of improved SNR Fig. 5: Improvement of signal quality due to multipath

Considering multipath fading of each individual channel the multipath model derived by Reiter [9] can be applied. The
amplitudeamultipath of the resulting multipath signal can be written as

amultipath(r) =
M∑

k=1

ak · e
− j 2π

c0
fcr cosφk , (2)

whereM denotes the number of incident paths,ak the amplitude,φk the incident angle of thekth path. r is the position
of measurement relative to the transmitter,fc is the carrier frequency of the transmitted signal andc0 finally denotes the
velocity of light.

Simulations using above stated multipath model prove, that signals with a low average SNR may help to improve the
reception of a strong — but multipath distorted — signal. Fig. 5 for example, depicting the probability for a certain SNR,
results from a simulation of a channel diversity system receiving two signals, one of which has an average SNR of 10 dB
lower than the other.

TRACKING OF THE CHANNEL PARAMETERS

As stated above, for mobile reception tracking has to be used to achieve a good performance for channel diversity. The
channel parameters to be tracked include the reception frequency, the time respective phase delay between the channels
and the signal quality for each channel.

The signal quality tracking has to consider the SNR as well as harmonic distortions. For FM radio this can be done for
example by using the signal level at a frequency region of the multiplex signal which is not used for transmission. Each
signal component within these region originates either from noise or harmonic distortion. At typical speeds of cars of up
to 50 m/s multipath leads to a time separation of several 10 ms between deep fadings, which demands the reaction time of
the quality signal detector to be on the order of ms and below to achieve a good signal quality guess.

Two delay respectively phase tracking concepts will be proposed. First is the tracking by calculating the correlation
between the different signals to extract the time delay as the peak in the correlation result. This concept will use a lot of
computational resources as the signals are examined block by block for every computed delay value.

The other concept consists of a tau-dither-loop derived from [10], which depicted in Fig. 6. The correlation at two
points on both sides of the correlation peak is calculated and the correction for the time delay is continuously output via a
gradient method consuming little computational effort.

For utilizing the benefits of both of these tracking concepts these should be used in combination. Correlation tracking
is used in the initializing phase to seek the starting values because of its large seeking range, while the tau-dither-loop will
be used to track a once detected maximum.

EXPERIMENTAL SETUP AND MEASUREMENT RESULTS

The measurement setup is built for a two channel system by two linked signal processing cards implemented in a PC.
These cards are both fed from a single external analog-to-digital converter which is driven by a very low jitter PLL clock



Fig. 6: Scheme of a tau-dither-loop
Fig. 7: Measured correlation peak in an urban area

at a speed of about 15 m/s

source. The setup is built in a way that it can be used in our test car for mobile measurements.
For optimal design of the delay tracking loop filters the properties of the correlation must be considered. Therefore

Fig. 7 shows a plot of the correlation peak over a measurement time of about 25 s. This graph was generated by a mobile
measurement at a speed of about 15 m/s. A clear correlation peak that is distorted from time to time is visible. These
distortions are typical for regions in which one of the signals has a very low SNR due to fading conditions. The tracking
loop has to be designed in a way to cope with these conditions in order to avoid a false delay guess.

OUTLOOK

Simulations and first measurement results show the potential of channel diversity to increase the SNR of the received
signal. As digital signal processing parts will become cheaper and RF-wiring will not, channel diversity may be an
alternative or addition to antenna diversity, which may result in a reduction of the number of antennas. The presented
concept therefore has the potential to replace several "hardware" antennas by software techniques leading to flexible
mobile radio designs.

The authors gratefully acknowledge Thomas Müller for his basic work on software radio.
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