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Experimental Analysis of the Multipath Lifetime in
Indoor Millimeter-Wave Channels

Allan Wainaina Mbugua Member, IEEE, Yun Chen Member, IEEE, Yilin Ji, and Wei Fan Senior Member, IEEE

Abstract—Dense spatial sampling of a radio channel where
measurements are carried out in many spatial locations is
often necessary to accurately capture the multipath components
(MPCs) lifetime, i.e. the birth and death process of the MPCs.
However, dense spatial sampling is limited by a channel sounder’s
capabilities such as the number of channel impulse responses
(CIRs) per unit time that can be recorded and the measurement
duration required to capture the CIRs. The number of spatial
samples can be reduced significantly by an interpolation of the
channel in a given interval in post-processing. However, interpo-
lation of the channel requires that there is no significant birth
and death of the dominant MPCs in the selected interpolation
interval. In this letter, a configuration of two antenna arrays
is proposed for monitoring the birth and death of MPCs by
comparing the frequency correlation signature of the arrays thus
enabling a reduction of the density of spatial sampling. This is
validated in an indoor scenario at the mm-wave frequency band
from 26.5 GHz to 30 GHz along a linear trajectory.

Index Terms—Millimeter-wave, multipath lifetime, radio chan-
nel sounding, virtual antenna array.

I. INTRODUCTION

ADIO channel models are an integral part of the test-

ing and optimization phases of wireless communication
systems design. Specifically, in virtual drive testing (VDT),
sequences of channel impulse responses (CIRs) along a pre-
defined trajectory are often required in radio channel emulators
for this purpose [1]. This can be achieved by conducting
extensive measurement campaigns, using ray tracing (RT)
simulators e.g. dynamic RT [2], [3] or interpolation of RT
simulation outputs [4], [5] or using simulation techniques such
as 3GPP channel simulators e.g. QuaDRiGa [6]. However, the
birth and death process of multipath components (MPCs) in
a radio channel for example due to shadowing especially in
millimeter-wave (mm-wave) frequency bands which have a
high susceptibility to blockage [7], leads to the need of more
spatial samples to accurately capture the MPC lifetime.

In theory, from a ray-optical perspective, to capture the pre-
cise location of the appearance or disappearance of an MPC,
the spatial separation of the positions along a trajectory should
be infinitely small cf. [8, Fig.1]. Thanks to the sampling
theorem, this distance can be increased to half wavelength.
However, sampling at the Nyquist rate is still challenging or
impractical in both measurement and simulation based channel
model development methods. In channel measurements, the
limiting factor is the hardware capability of the channel
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sounding platform such as the switching time of the antenna
arrays, the data streaming rate, storage capacity, and the re-
calibration or clock re-synchronization time-interval [9]-[11].
In addition, when virtual antenna array or directional scanning
with horn antennas are used to obtain the spatial profile of
the channel, the measurement time scales up significantly due
to the slow speed of the antenna positioners. Furthermore, in
vector network analyzer (VNA) based channel sounders, the
noise floor is dependent on the intermediate frequency (IF)
bandwidth settings. A narrow IF bandwidth results in a lower
noise floor and consequently a higher dynamic range compared
to a wider IF bandwidth. At mm-wave frequencies, to increase
the dynamic range of VNA based channel sounders, it is often
necessary to employ a narrow IF bandwidth. However, this
further increases the measurement time of these sounders as
a narrow IF bandwidth results in a slower frequency sweep
compared to a wider IF bandwidth [10], [12].

The reduction of the number of channel spatial samples
in a given spatial interval is thus of utmost importance as
it dictates the channel measurement or simulation duration.
However, the underlying assumption is that the channel is
stationary i.e. there is no birth and death of the dominant
MPCs in the given spatial interval such that interpolation of the
channel can be carried out in post-processing. In the literature,
methods of determining the stationarity interval in situ i.e.
during a measurement campaign in an arbitrary scenario are
largely missing. To this end, we propose a measurement setup
using at least two virtual uniform rectangular arrays (URAs)
for detection of the birth and death of MPCs. The antennas are
separated with a suitable distance such that there is minimal
mutual coupling between the two antennas. By comparing the
inter-element frequency correlation signature of the two URAs,
the birth and death of MPCs can be detected thus enabling
an adaptive sampling of the channel. Therefore, the number
of spatial samples along the section of a given trajectory can
potentially be increased when there is birth and death of MPCs
or decreased when MPCs are stationary in a given section.

II. PROBLEM STATEMENT

Consider two URAs composed of K omni-directional an-
tenna elements with an inter-element distance of 0.4\ as
shown in Fig. 1. The URAs are separated by a distance 50\
where A\ denotes the wavelength at the highest frequency. If
M locally plane waves impinge on the URAs, the frequency
response of the reference element of each array H(f) can be
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Fig. 1. An illustration of the proposed antenna array configuration setup for
monitoring the birth and death of MPCs. It is worthwhile to note that the
maximum alias free inter-element distance is 0.5.

expressed as:

M
H(f) =) ame 2?0 (1)
m=1

where o, and 7, are the complex amplitude and delay of the
m-th plane wave, respectively. The frequency response of the
k-th element of each array Hy(f) can be expressed as a phase
shifted version of the reference element’s frequency response

H(f) [13].

M
Hy(f) = ) ame 20/ (mtom) @
m=1
where &, is the propagation delay due to the relative position
of the k-th element in the array and the angle of arrival
(AoA) of the m-th MPC. Using (2), the frequency correlation
signature pj, for the k-th element to the reference element
in the array can then be evaluated by using the frequency re-
sponse assurance criterion (FRAC) [14]. For example, receiver
(Rx) A’s frequency correlation signature can be computed as
follows:

e | Sy HA ) HE (f)?

Sy A HA (f2) X0y HE (Fa) HE (f)
where N and (-)* are the number of frequency samples and
the Hermitian transpose, respectively. pf € [0,1] with p? =1
indicating a perfect match of the reference element frequency
response and the k-th element frequency response. Similarly,
the frequency correlation signature for Rx B, pkB, can be
computed using (3).

If the local plane wave fronts observed at the two URAs
are the same i.e. the number of local plane waves and the
respective AoA, then their respective k-th element frequency
correlation signatures are identical i.e. pi = pZ. This is based
on the condition that the antenna geometry and inter-element
spacing is the same and there is no birth and death of MPCs in
either of the array. Consider a synthetic case where four MPCs,
MPC 1, 2,3 and MPC 4, impinge on the URAs shown in Fig. 1
with an azimuth AoA of 212°, 305°, 121°, and 196°, a delay
of 16ns, 19.9ns, 27.3ns, and 33.6ns, and a magnitude of
—66.6dB, —83.7dB, —82.8dB, and —75.5dB, respectively.
This results in a CIR response across the URAs elements
as illustrated in Fig. 2(a) and Fig. 2(b) for Rx A and Rx B,
respectively. Taking the first antenna element for each URA
as the reference element, the frequency correlation signature
is computed using (3). Since the two arrays observe the same
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Fig. 2. The CIR per array element across the URAs and the inter-element
FRAC for the synthetic case. (a) CIR Rx A. (b) CIR RxB. (c) Inter-element
FRAC where the first antenna in each array is the reference element.

MPCs, the frequency correlation signature is exactly the same
as shown in Fig. 2(c). However, when MPC 4 is absent in Rx B
while still present in Rx A, the correlation signature differs,
indicating a change in the MPC structure in the propagation
channel. In both URAs, the frequency correlation signature
can also be observed to correspond to the array geometry
illustrated in Fig. 1 as it decreases with an increase in the
distance from the reference element. Therefore, by comparing
the inter-element correlation signature of the two URAs, we
can examine the spatial non-stationarity of the channel.

III. MEASUREMENT CAMPAIGN

A measurement campaign is conducted in a meeting room
as shown in Fig. 3 and Fig. 4 using the VNA based channel
sounder outlined in [15] in the frequency band between
26.5GHz to 30 GHz, where the transmitter (Tx) [16] and
Rx antennas are placed at a height of 1.7m. The channel
sounder employs radio-over-fiber techniques to minimize the
signal attenuation in the Tx-Rx chain resulting in a higher
dynamic range, thus enabling the identification of weak MPCs.
Two vertically polarized bi-conical antennas with an omni-
directional pattern in the azimuth are mounted on the same
antenna positioner with a separation distance of 50\ at 30 GHz
resulting in two virtual URAs at the Rx as shown in Fig. 1.
Using this configuration, a measurement campaign is con-
ducted with the Tx at 17 positions as illustrated in Fig. 3.
The distance between the Tx positions is approximately 30 cm
except between position 16 and 17 where the distance is 20 cm
due to proximity of the Tx antenna to the wall. The goal of
this measurement setup is to mimic the death and birth of
MPCs due to the change in the spatial location of the Tx.
Note that in these measurements the channel is kept static in
the entire measurement duration. This is due to the fact that
radio channel measurements with a VNA in conjunction with
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Fig. 3. An illustration of the measurement setup with the considered Tx
positions.

Fig. 4. Panorama photo of the measurement scenario.

virtual antenna arrays requires that the channel is stationary
during the time needed to record one channel snapshot.

IV. RESULTS ANALYSIS

In this measurement setup, the first goal is to estimate
the individual MPCs at each location. The second goal is
to investigate whether the birth and death of the MPCs at
each Tx position can be detected based on the frequency
correlation signature of the two URAs. The channel multipath
parameters i.e. the power, delay, azimuth AoA, and elevation
AoA of the MPCs are estimated with the space-alternating
generalized expectation-maximization (SAGE) algorithm for
each Tx position [17]. The evolution of the MPCs observed
at RxA and RxB is illustrated in Fig.5(a) and Fig.5(b),
respectively. In the present work, the identification of MPCs
trajectories is done manually, however, automatic identification
of the MPCs trajectories can be carried out using various
algorithms e.g. Kalman filter based algorithms [7], [18] and
references therein. Apart from the offset in delay and angle
due to the position of the URAs, most of the MPCs can be
observed to have a similar trajectory in the estimated power
angle delay profile (PADP) from the two URAs. The geometry
of the scenario can partially be observed in the MPCs structure.
For instance, the trajectory g can be deduced to be a specular
reflected MPCs from the metallic white board parallel to
the Tx route cf. Fig.3. Trajectoryj and k are contributions
from the windows which are recessed from the metallic white
board by about 50 cm. This can be observed from the delay
difference of approximately 3.5ns between the MPCs at the
beginning and the end of trajectory g in comparison to that at
the beginning of trajectory j and k.

Although the MPC structure for the dominant paths is
relatively similar in most positions, for a given Tx position,
some dominant MPCs are observed only in one of the URAs.
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Fig. 5. The superimposed PADPs for selected Tx positions along the Tx route
illustrating the evolution of the MPCs. The arrows indicate the direction of
an MPC evolution. (a) The PADP observed at Rx A. (b) The PADP observed
at RxB.

For example, at Tx position1, a dominant MPC path p in
Fig.5(b) is observed in RxB only. Similarly, in Tx position
8, a dominant MPC is observed in Rx A in the middle of
trajectory l. In Tx position 17, paths to RxB are partially
shadowed by the protruding wall shown in Fig. 3 which causes
significant death of MPCs compared to Rx A. In addition,
several weak MPCs most probably caused by diffuse scattering
can be observed to be present or absent in the PADP observed
in both URAs for a given position.

The second goal of this study is to identify the variations
in the MPC structure for each Tx position by comparing
the frequency correlation signature of the two URAs at the
Rx. In principle, the MPCs parameters for each array can be
estimated and the differences in MPCs seen by the two arrays
can be compared as shown in Fig.5. However, the accuracy
of high resolution channel parameter estimators used to obtain
the PADP depends on the validity of several assumptions
such as the stationarity of MPCs across the antenna array,
the far field assumption, the narrowband assumption which
may not be fully satisfied in practical measurements hence
leading to inaccurate channel parameter estimates [19], [20].
In addition, high resolution channel parameter estimators for
ultra-wideband channels are computationally intensive and
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Fig. 7. The CIR per antenna element across the URAs and the inter-element
FRAC at Tx position 17. (a) CIR at Rx A (element index 1 to 900) and Rx B
(element index 901 to 1800). (b) Inter-element FRAC where the first antenna
in each array is the reference element.

thus may not be reliably performed during a measurement
campaign, where the measurement time is often limited. This
is particularly severe in VNA based channel sounders where
the channel must be kept static in the entire measurement
duration. On the contrary, the proposed approach using the
frequency correlation signature potentially indicates two types
of non-stationarity in the channel due to the birth and death of
MPCs. First, the MPC may be non-stationary in either or both
URAs, i.e. some MPCs may not be visible in all elements in
the antenna array and second, some MPCs may be partially or

completely missing in one array and present in the other. This
information can thus be used to adjust the distance between
Tx positions (cf. Fig. 3) i.e. a larger distance can be employed
when no significant birth and death of MPCs is observed.

For example, at Tx position 10, the dominant MPCs across
the URAs i.e. the line-of-sight (LoS) component and path 1
to 4 are relatively similar as shown in Fig.6(a). This can
be observed in the frequency correlation signature of the two
URAs in Fig. 6(b). Despite the similarity, an exact match is
not obtained. This is most probably due to diffuse scattered
paths in this frequency band which contribute to the weaker
paths observed Fig. 6(a). These paths cause differences in the
MPC structure in the two URAs which are also manifested
in the frequency correlation signatures. At Tx position 17,
Rx B is partially shadowed by the protruding wall in the
scenario as shown in Fig. 3. This can be observed in the
CIR of RxA and RxB in Fig.7(a) where path2 and 5 are
missing in Rx B whereas path 4 is non-stationary across Rx B.
These differences in the MPC structure are expected to cause
differences in the frequency correlation signature which is
exhibited in Fig.7(b). The larger dissimilarity of the MPCs
structure at Tx position 17 compared to position 10 can also
be seen in the larger deviations of the frequency correlation
signature at this position. This implies that in the vicinity of
Tx position 17, more spatial samples are required to accurately
capture the birth and death of MPCs. On the other hand,
in the vicinity of Tx position 10, coarse spatial sampling
can employed. This is because the channel exhibits a high
similarity at two observations points separated by 50\ at
30 GHz.

V. CONCLUSION

In this letter, a channel sounding configuration using two
virtual URAs has been demonstrated to be a potential solution
for the detection of the MPCs birth and death process in radio
channels in-situ. By observing the differences in the frequency
correlation signature for the two URAs for a given location,
possible birth and death of dominant MPCs can be detected.
Consequently, a coarse sampling of the channel can be carried
out where the channel exhibits a high similarity and fine
sampling can be used in spatial locations where the channel
exhibits a high dissimilarity. This has an important implication
since reducing the number of channel measurements required
to evaluate the evolution of MPCs results in a measurement
time reduction. Although a similarity of the channel can be
evaluated by comparing the PADP from the antenna arrays, the
advantage of the proposed method is that it computationally
efficient hence can be performed on site during a measurement
campaign. Furthermore, the accuracy of proposed method is
not dependent on MPCs stationarity across the array elements
which is often assumed in channel parameter estimation algo-
rithms. In light of the deviations in the frequency correlation
signature caused e.g. by diffuse scattered paths, future work
will focus on the determination of the appropriate threshold to
determine when the spatial sampling rate should be increased
or decreased. In addition, the applicability of the proposed
method in dynamic scenarios will be studied using a real-time
channel sounder and real antenna arrays.
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