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Abstract— This paper aims to show how Universal Software
Radio Peripheral can be used in conjunction with reverberation
chamber to measure throughput of wireless communication
systems in Rich Isotropic Multipath environment. The results are
in agreement with theories based on the threshold receiver
model.

Index Terms—Universal Software Radio Peripheral,
Reverberation Chamber, Rich Isotropic Multipath Channel,
Throughput.

L INTRODUCTION

There is an increasing complexity of the commercial digital
wireless systems used in today’s wireless
telecommunications. Therefore, there is an increasing demand
for simple and cost effective platforms to measure and
quantify the performance of everything from innovative
hardware to new algorithms, and even simplified theoretical
system models. The Universal Software Radio Peripheral
(USRP) is such an inexpensive and versatile platform, which
can be used for implementation of various algorithms in order
to test their effectiveness in practice [1]. The Reverberation
Chamber (RC) accurately emulates the Rich Isotropic
Multipath Channel (RIMP), which is a useful reference
channel for most modern wireless communication devices [2].

In this paper we want to demonstrate for the first time that
USRP and RC together can accurately measure relative
system throughput for both simple and complex systems over
the RIMP, and that the results are in agreement with theories
based on the threshold receiver model presented in [3]. The
accuracy of measurements in RC is well proven [4] and
shown to be in agreement with results obtained in anechoic
chambers for passive devices [5]-[6]. In addition, the RC can
emulate different time delay spreads [7], and thereby it is
possible to measure active devices and complete systems. The
measured results are in good agreement with theory based on
the threshold receiver model in [3], by which even the effect
of OFDM in the LTE system for different time delay spreads
can be modelled [8]. The threshold receiver has also been
extended to the MIMO multiplexing case [9]

II.  THEORY

The threshold receiver model for the AWGN channel in
terms of group error rate (GER) can be expressed as (1)

1, P<P,

GER(P) = {0‘ PP (1)

where P is the received power and P; is the system threshold
power. This can be extended to include more complex
systems and then takes the notation of (2)

GERqy(Puy) = CDF G- @)

Throughput = Maxrate * {1 — GER,,(P,)} 3)

where P,y is the average received power and the cumulative
distribution function (CDF) in (2) is the channel CDF after the
MIMO and OFDM processing. We can then use (3) as a
general expression for throughput where the probability
density function or CDF for the channel is known in addition
to the MIMO and OFDM algorithms. The channel is well
known for the RIMP to have Rayleigh distribution, and we
assume in our works the theoretical signal-processing models
for OFDM and MIMO based on the above threshold receiver
model as used in [3], [8] and [9].
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Fig. 1 System diagram and packet setup

III.  SYSTEM PARAMETERS

The system is set to operate at relatively low throughput
and center frequency compared with what can be achieved by
the USRP platform, in order to give a larger margin for error
on packet and frame detection. The sampling rate is set at
400kHz and 8 samples per symbol giving a max symbol rate
of 50k symbols/sec.

The selected modulation is quadrature phase shift keying
(QPSK) with a grey code coding scheme without any error
control coding. The chosen pulse shaping filter was root
raised cosine of length 6 with roll off factor, 0=0.5, giving the
system a total bandwidth of 75kHz (Bgysem) during
transmission. Boherence Was 3.5 MHz for the present setup in
the reverberation chamber. This means that the channel is flat
fading because Bystem << Bcoherence-



Fig. 2 Antenna placement in reverberation chamber(RX left, TX right)

The operating frequency was chosen to be 915MHz
because previous SISO tests had been done at that frequency.
For the tests the wideband triangle antennas used as wall
antennas in the chamber were used both for transmission and
reception, with the antenna placement (Fig. 2) so that there is
no correlation between them.

The achieved bitrate (35kb/s) is low due to large packet
overhead, as seen in Fig. 1. The results are presented in terms
of relative bitrate. This packet configuration is chosen because
it was the pre-designated packet configuration in the initial
example presented in [9]

All these settings are defined in the LabView code. After
defining this, the same code module then constructs the
packets for transmission, sends them at baseband to the
USRPs which then modulate them to radio frequency (RF)
and transmit them. Upon reception the received message is
demodulated from RF to baseband and then sent back to the
LabView code, which processes the received packet and
determines the throughput.

For each step of the attenuator a large amount of packets
was chosen for better relative accuracy. In total the chosen
text broke down to 842 packets. These are then sent 40 times
at each step for a total of 33380 packets.

IV. MEASUREMENT SETUP

Initial single input single output (SISO) over the air (OTA)
and conducive measurements were performed using a pair of
USRPs connected to a control computer. With the transmitter
(TX) port of one USRP connected to the input of the digital
attenuator (DA) and the output of the DA either connected to
the receiving (RX) USRP for conductive measurements or the
input port of the RC for OT A measurements.

The power received was carefully calibrated for each
attenuation step of the DA. This was done by measuring it at
the connection to the RX with a spectrum analyzer, following
that the average path loss was carefully calibrated for the RC
and the connecting cables. For OTA measurements the path
loss of the RC was subtracted (in dB) from the known
transmitted power for each attenuation step.

For the single input multiple output (SIMO) and multiple
input single output (MISO) measurements the setup was the
same as for SISO. But, we used a third USRP connected to
another USRP via a multiple input multiple output (MIMO)
cable. This third USRP had the same characteristics as the

other two. During the SIMO OTA measurements this was
simply connected to the second output port of the RC, and for
MISO OTA the DA was connected to the RX instead of the
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Fig. 3 MIMO OTA and conductive measurement setup

For the MIMO measurements a fourth TX USRP was added
to the setup and connected to the standalone USRP via MIMO
cable. Its output was then connected to a manual attenuator
which was then connected to the second TX port of the RC
(Fig. 1, Fig. 3). The attenuators were calibrated so that they
had on average 0.2dB offset in TX power between antennas
inside the RC

V. RESULTS

We see from Figs. 4-7 that there is very good agreement
between the measured results and the theoretical results. In
most data points there is less than 1dB offset between the
theoretical throughput and achieved relative throughput of the
system.

We see that the measured results agree well with theoretical
values for the simple case of SISO & conductive (Fig. 4) and
the more complex case of SIMO with selection combining
(SC) and maximum ratio combining (MRC) (Fig. 5).

In Fig. 6. We see also for the MISO case that there is an
overall good agreement between the measured and theoretical
results.

We see in Fig. 7 that the measured throughput data shows a
good agreement with the theoretical throughput for the 2x2
MIMO as well. All curves are for the single bit stream case,
so we have not yet tested MIMO multiplexing from which
two bit streams can be achieved.
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Fig. 4 Theoretical vs. measured values for SISO system
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Fig. 5 Theoretical vs. measured values for 1x2 SIMO & SISO systems
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Fig. 6 Theoretical vs. measured values for 2x1 MISO system
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Fig. 7 Theoretical vs. measured values for 2x2 MIMO system with TX and RX
diversity.

VI

The USRP platform provides a simple and cheap tool for
the measurement and simulation of radio communication
systems of varying complexity, but it is not without
limitations.

The system can without problems transmit and measure
continuous data streams both conducted and OTA with good
precision and speed. This is given that the generation of the
packet is done beforehand and processing of the received data
is done offline.

However, the system struggles with online processing of
the data in real time and usage of coding schemes that rely on
channel state information at the TX side with more than one
TX USRP connected with a MIMO cable. This is due to a
initialization time (120ms) that seems to be required to
initialize the TX pair over the MIMO cable.

Online processing of the data requires computer with a high
processing speed, and efficient computation algorithms in
order to avoid large wait times between transmissions.

The USRP system suffers from a significant amount of
crosstalk between TX and RX channels. Therefore, even if a
single USRP is capable of acting both as TX and RX, the
results will not be usable for precision measurements, because
the crosstalk will alter the results significantly.

Another thing worth noting is that the threshold power for
the conductive measurements appears to be heavily affected
by the driver version of the USRP platform. When we updated
the driver, the threshold power was improved, and this should
theoretically not be possible.

LIMITATIONS OF THE USRP



VII. CONCLUSIONS

We have presented results from measuring data rate
throughput in reverberation chamber using USRP. This has
been done using a variety of single bit stream cases in the
range of SISO up to 2x2 MIMO. The basic combining
methods of SC and MRC were used. All results can be
explained by signal processing models and using the threshold
receiver model. Thus, we have found that the USRP is a
viable low cost platform for measuring communication
systems, providing a useful tool for researchers to implement
and test their own algorithms for modulation, error coding and
MIMO in a practical measurement setup.
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