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Abstract: This paper describes a time domain channel sounder based on pseudorandom binary se-
quences. The channel sounder system consists of several off-the-shelf laboratory instruments con-
nected together and controlled from PC. Frequency band of interest is the unlicensed millimeter wave
band (MMW), 57–64 GHz. The system’s architecture and its parameters are presented and discussed.
Crucial feature of the proposed system is fast measurement speed enabling measurements of real
scenarios with moving objects.
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1 INTRODUCTION

In modern communication, localization or radar systems, especially those working with huge band-
widths working for example in the MMW, allocated for unlicensed operation in the frequency band
57 to 64 GHz, perfect knowledge of the propagation channel parameters is advantageous. As these
parameters get more precise, more advanced data processing methods and modulation techniques can
be used to transfer the data, which lead to higher data rates and lower bit error ratios (BER). The
enormous instantaneous bandwidths of several GHz in the MMW promise high data throughput and
precise spatial localization.

The parameters of the radio channel may be obtained through channel sounding. There are several
techniques and methods that can be utilized to perform those measurements. The measurements can
be performed either in the frequency or in the time domain. Measurements in frequency domain
are usually carried out using vector network analyzers (VNAs) which perform stepped frequency
sweeping as it was shown for example in [1], while those in the time domain utilize transmitting and
receiving wideband pulses or pulse sequences.

In [2], a precision time domain based sounding system utilizing custom silicon chips, whose develop-
ment is very expensive, was presented. This paper presents a time domain channel sounder utilizing
pseudorandom binary sequences (PRBS) built from several off-the-shelf laboratory instruments. The
proposed system promises short measurement times and provides correlation gain over direct impulse
based time domain methods. It is also simple to realize and replicate.

2 CHANNEL IMPULSE RESPONSE

A convenient way how to represent channel characteristics is to specify corresponding channel im-
pulse response (CIR). It shows the channel output when the input is an ideal unit impulse. The
general way to model CIR of a time invariant multipath wireless channel is to express it as a sum of
attenuated, delayed and phase shifted replicas of the Dirac delta function:

h(t) =
L−1

∑
n=0

ρne jΦnδ(t− τn), (1)
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where L is the number of multipath components, δ is the Dirac delta function and τn, ρn and Φn is
path delay, gain and phase shift of n-th component, respectively.

3 MEASUREMENTS USING VNA

Measurement in the frequency domain utilizing the vector network analyzer (VNA) is the conven-
tional way to obtain the CIR. It has several advantages (e.g. great dynamic range) and also disadvan-
tages – slow measurement speed and the fact that the receiver and the transmitter must be physically
connected (synchronized) and located close to each other.

The VNA provides measurement of the channel transfer function H( f ) in terms of the s parameter,
which represents the channel gain and phase shift as a function of frequency. We can convert between
H( f ) and h(t) utilizing fast Fourier transform (FFT) or more precisely inverse fast Fourier transform
(IFFT):

H( f ) =
∫

∞

−∞

h(t)e− j2π f tdt

=
L−1

∑
n=0

ρne jΦne− j2π f τn . (2)

A complete sweep over the frequency range of interest using VNA usually takes several tens of sec-
onds, depending on the number of frequency steps. During this time, the channel must remain static.
For this reason the VNA method cannot be used to measure either slowly changing channels (caused
e.g. by people movement) or for measuring of fast changing channels (caused e.g. by vibrations). On
the other hand, VNA offers an excelent dynamic range usually greater than 60 dB.

4 PROPOSED MEASUREMENT SYSTEM

There are several ways how to measure the CIR in the time domain. For example, it is possible to
transmit Gaussian pulses (or its derivatives) and then recover the CIR by deconvolving the received
signal utilizing the CLEAN algorithm. However, this work will be focused on the time domain chan-
nel sounding based on pulse sequences, rather than single pulse. This technique provides advantages
as correlation gain and is not too challenging for the power amplifiers.

4.1 SYSTEM DESCRIPTION

Block diagram of the proposed channel sounding system is depicted in Fig. 1. The Anritsu Signal
Quality Analyzer MP1800A serves as a baseband PRBS generator at data rates up to 12.5 Gbits/s
with maximum RF output power of 13 dBm. Digital sampling oscilloscope Tektronix MSO72004C
is utilized as a receiver. It provides 4 channels, 16 GHz bandwidth, 50 GS/s real time acquisition
rate and 31.25 MS of data storage per channel. The Signal Quality Analyzer also provides 10 MHz
reference and gating (triggering) signal to the oscilloscope. The power amplifier and low noise am-
plifier (LNA) are not depicted for the sake of simplicity. A PC can be used to control the instruments
and interchange data to provide additional features (e.g. real-time and continuous channel sounding)
but is not necessary for the data acquisition.

The Sivers IMA FC1003V/01 [3] up and down converter is used for frequency shifts between the
baseband and the radio frequency. It is a direct conversion transceiver (sometimes called homodyne
or zero–IF) with IF input bandwidth up to 5 GHz. The baseband transmit signal is feeded into I branch
of the up converter. The Q branch is terminated by a 50 Ω terminator, which practically disables this
input. This in ideal case leads to an Amplitude Modulation (AM) with symmetrical spectrum around
carrier frequency fc = 59.6 GHz. This RF signal is then propagated through the channel, which is
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Figure 1: Proposed channel sounder architecture.

the object of measurement. Any type of antenna can be used, but typically an open ended WR15
waveguide is used. The received signal is then down converted and the output signal – complex, in
the form of I and Q components – is passed to the Tektronix MSO72004C oscilloscope for sampling
and further processing. To achieve perfect coherency, the Local Oscillator (LO) signal is generated
in a RF generator, then it is split in the Wilkinson power divider, and fed into both up and down
converter LO input.

A seamless repeating PRBS, concretely the m-sequence, was chosen as an excitation signal, mainly
for its nearly perfect circular auto-correlation properties. The length of the PRBS is N = 2k−1 chips
where k can in our case vary from 7 to 31. The parameter k determines the maximum observable CIR
time span given by

Tmax =
N

fchip
=

2k−1
fchip

, (3)

which is also the time period of the sequence. The parameter Tmax is related to the maximum observ-
able propagation distance by

Dmax = c ·Tmax = c · N
fchip

= c · 2
k−1
fchip

(4)

where c≈ 3×108 m s−1 is the speed of light. Considering k = 11 and fchip = 12.5 GHz, the maximum
propagation distance is Dmax = 49.128 m, which is sufficient for most of the short-range MMW
channels.

Correlation gain, which improves the SNR at the receiver is given by

Gcorr = 10 · logN = 10 · log(2k−1). (5)

For our case of k = 11 the correlation gain is Gcorr = 33.11 dB.

Main advantage of the proposed channel measurement system over the system based on VNA is the
CIR measurement time. As stated in Sec. 3, it takes several tens of seconds to measure one single
CIR using VNA. On the proposed system, the time to measure one single CIR equals the time length
of the sequence given by (3). Considering k = 11 this leads to Tmax = 0.163µs. The reciprocal value,
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fmeas =
1

Tmax
denotes the maximum CIR measurements per second. For k = 11 this is theoretically

6.1 millions of measurements per second. The oscilloscope provides 31.25 MS of fast acquisition
memory per channel, which equals to 0.625 ms at sampling rate of 50 GS/s, so only 3816 CIRs can
be captured at once. Nevertheless using advanced triggering modes, the fmeas can be decreased to
arbitrary value. It is also possible to continuously stream the real time acquired data to a PC at the
rate fmeas ≈ 100 Hz. In static channel measurement scenarios, averaging of the data can be utilized to
further improve the SNR.

4.2 DATA PROCESSING

In order to obtain an estimate of CIR in the desired frequency band, which in our case is the MMW
(∼55–65 GHz), the following steps are performed.

The transmitted PRBS signal e(t) is periodic with period Tmax. Since we assume that the CIR is causal
and has a finite length of Tmax i.e.

h(t) = 0 for t > Tmax and t < 0, (6)

the received signal
r(t) = e(t)∗h(t), (7)

where ∗ denotes the convolution operation, is also periodic with period Tmax.

Circular auto correlation function of the transmitted PRBS sequence e(t) Re(t) = 1 when t mod
Tmax = 0, and 1

N otherwise. This property can be exploited to obtain an estimate of the CIR as

h(t) = r(t)∗ e(−t). (8)

For faster calculation, the convolution operation in the time domain is realized as a multiplication
operation in the frequency domain. The conversions from time to frequency domain and vice versa,
are done via FFT and IFFT, respectively:

h(t) = IFFT{FFT[r(t)] ·FFT[e(−t)]}. (9)

Please note that only the baseband transmitted signal e(t) is real. The baseband received signal r(t)
and the CIR estimate h(t) are generally complex valued.

After this, it is needed to filter out the spectral components, which are outside of the band of interest
e.g. 55–65 GHz. This is done in the frequency domain – first, only spectral components, which are in
the range of 55–65 GHz are taken and the rest is discarded. The remaining components are multiplied
by Hann window function and transformed back to the time domain representation.

5 EXAMPLE

An example of a measurement performed by the proposed system is depicted in Fig. 2. It shows the
magnitude of time-varying CIR captured in a moving car when the transmitter was held in hands,
thus simulating a hand held device. The measurement rate was fmeas = 1000 Hz. It clearly shows the
changes of the channel caused by slight movements of the car itself, the transmitter and the persons
inside the car.

These data can be further processed to obtain channel parameters like RMS delay spread, delay
Doppler spread, etc.
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Figure 2: Example measurement – magnitude of time-varying CIR. The x axis is the “slow” time
which corresponds to the measurement rate and the y axis is the “fast” time which corresponds to the
travelling speed of the electromagnetic wave.

6 CONCLUSION

A 60 GHz channel sounder working in the time domain was presented in this paper. It gave a brief
description of the instruments used and the principles and methods utilized in the system. An example
measurement was shown and discussed. Main advantage over conventional channel sounding using
the VNA is the possibility of very fast channel measurement.

The biggest disadvantage of this system is small dynamic range around 30 dB. This limitation arises
mainly from the non-linear behavior of the devices in the measurement chain which causes spurious
peaks in the CIR to appear. The noise contribution (which can be reduced for example by averaging)
is not crucial regarding the dynamic range.

Future work will deal with improving the dynamic range of the system. There are also some other
problems which arise from the real devices imperfections, for example the up and down converter IQ
imbalance, which results in finite image signal attenuation.

ACKNOWLEDGEMENT

This work was supported by the Czech Science Foundation project No. 13- 38735S Research into
wireless channels for intra-vehicle communication and positioning, and was financed by Czech Min-
istry of Education in frame of National Sustainability Program under grant LO1401. For research,
infrastructure of the SIX Center was used.

REFERENCES

[1] M. Schack, M. Jacob, and T. Kurner, “Comparison of in-car UWB and 60 GHz channel mea-
surements,” in Antennas and Propagation (EuCAP), 2010 Proceedings of the Fourth European
Conference on, April 2010, pp. 1–5.

[2] R. Zetik, M. Kmec, J. Sachs, and R. S. Thoma, “Real-time mimo channel sounder for emulation
of distributed ultrawideband systems,” International Journal of Antennas and Propagation, vol.
2014, p. 16, 2014. [Online]. Available: http://dx.doi.org/10.1155/2014/317683

[3] FC1003V/01 V-band Converter, Sivers IMA AB. [Online]. Available: http://siversima.com/wp-
content/uploads/FC1003V01-Data-Sheet.pdf

281




