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Abstract—In this letter, the K-factor is estimated in a typical
office scenario based on wideband channel measurements carried
out at millimeter-wave (mmWave) frequencies, covering the 25–
40 GHz spectrum, in both line-of-sight (LOS) and obstructed-LOS
(OLOS) propagation conditions. The K-factor is estimated from the
method of moments, applied directly over the frequency samples
of the measured complex channel transfer function, and from
the power delay profile-based method. Although both methods
provide similar results, the method of moments is more appropriate
from a practical point of view, especially in OLOS and non-LOS
(NLOS) conditions, where the correct identification of dominant
components can be difficult. The results are particularized to the
potential 26, 28, 33, and 38 GHz frequency bands for the design and
deployment of the future wireless networks at mmWave frequen-
cies. The mean value of the K-factor ranges from −1.87 to 1.27 dB
for the LOS condition, and from −3.79 to −2.31 dB for the OLOS
condition.

Index Terms—Fading channels, millimeter-wave (mmWave),
Rice distribution, small-scale fading, K-factor.

I. INTRODUCTION

IN WIRELESS communications, the multipath contributions
(MPCs) can arrive at the receiver position through different

reflection, diffraction, and scattering processes [1]. The super-
position of all MPCs produces temporal dispersion, equivalent
to frequency selectivity [1], [2]. On the other hand, the time
variability of the propagation channel due to the Doppler effect
produces temporal and spatial selectivity. The Rician K-factor is
a parameter commonly used to describe the small-scale fading
in time, space, or frequency of the received signal envelope.

The Rician K-factor is defined as the power ratio of the
dominant component to the stochastic MPCs [1]. Thus, when
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the dominant component is attenuated compared to the rest of
MPCs, the K-factor decreases. In the limit, when the domi-
nant component disappears the K-factor reaches a value of 0
(−∞ dB), corresponding to the case of maximum selectivity
in the channel, and the received signal envelope fluctuations
can be described by the well-known Rayleigh distribution [1].
Therefore, the knowledge of the K-factor has an important im-
plication in the design of transmission and reception techniques
oriented to mitigate the small-scale fading, such as modulation
and adaptive coding techniques [3], diversity schemes [4], [5],
optimal configuration of orthogonal frequency division multiple
access techniques (OFDMA) [6], and system complexity in mas-
sive multiple-input–multiple-output (MIMO) systems [7], [8],
among others.

In literature, different estimators of the K-factor have been
proposed for time-varying narrowband channels, such as the
method of moments [9], [10], and the maximum-likelihood
(ML) method [11], which work with temporal samples of the
received signal envelope. However, modern wireless communi-
cations operate over large bandwidths, as it is the case of fifth-
and sixth-generation (5G and 6G) systems, where bandwidths
of several megahertz are considered. In narrowband systems,
it is relatively easy to carry out experimental measurements to
analyze the time-varying behavior of the propagation channel.
On the contrary, in wideband systems, and in particular at mil-
limeterwave (mmWave) frequencies, to perform channel mea-
surements oriented to analyze small-scale fading is very difficult
due to high cable losses and mobility effects. In [12], under
the assumption of wide-sense stationary uncorrelated scattering
(WSSUS), the authors demonstrated that it is possible to esti-
mate the K-factor in wideband channels from a single-snapshot
measurement. This facilitates the analysis of temporal variability
at mmWave frequencies based on experimental measurements
conducted with traditional channel sounders that require station-
ary conditions, such as those based on vector network analyzers
(VNAs).

In this letter, we estimate the K-factor from wideband channel
measurements at mmWave frequencies conducted in a typical
office environment using a frequency channel sounder, cover-
ing the 25–40 GHz spectrum, in both line-of-sight (LOS) and
obstructed-LOS (OLOS) propagation conditions. Two methods
have been applied: 1) the method of moments working directly
with the frequency samples of the measured channel transfer
function (CTF), and 2) a method based on the power delay profile
(PDP) derived from the channel impulse response (CIR). The
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results of both methods are compared and discussed. The results
have been particularized to the potential 26, 28, 33, and 38 GHz
frequency bands to deploy the future wireless networks [13].

The rest of this letter is organized as follows. Section II de-
scribes the channel measurements. Section III indicates how the
K-factor can be estimated from channel measurements. Results
are presented and discussed in Section IV. Finally, Section V
concludes this letter.

II. CHANNEL MEASUREMENTS

The channel measurements were conducted in a typical office
environment of a modern construction building, where there is
different furniture, such as chairs, work desks with computer
screens and cabinets, among others. The dimensions of the
propagation environment are 9.68 × 6.93 m2, and the ceiling
is at a height of 2.63 m.

The channel measurements were collected using a frequency
channel sounder implemented through the Keysight N5227 A
VNA. The s21(f) parameter, equivalent to the CTF, was mea-
sured directly from 25 to 40 GHz, with 8192 frequency samples,
resulting in a frequency resolution of about 1.83 MHz. This
frequency resolution corresponds to a maximum observable
distance equal to 164 m, higher than the dimensions of the prop-
agation environment. Ultrawideband omnidirectional antennas,
with linear polarization, were used at the transmitter (Tx) and
receiver (Rx) sides. In order to avoid the high losses introduced
by cables, a radio-over-fiber link was used to connect the Tx
subsystem to the output port of the VNA.

The Rx antenna was placed on a 2-D positioning system, im-
plementing a 12 × 12 virtual uniform rectangular array (URA),
with a separation between elements equal to 3.04 mm (≈λ/4 at
25 GHz). The Tx antenna was placed at different positions in
the room, and the Rx subsystem remained in the same position
near one of the walls, emulating the position of a base station
serving the user terminals (UTs) inside the room. The Rx antenna
was placed at a height of 1.62 m, and the Tx antenna was
positioned at a height of 0.90 m above the floor level and close
to the desks imitating a UT, e.g., a tablet or a laptop. The
channel measurements were conducted under both LOS and
OLOS propagation conditions. In OLOS condition, the direct
component was blocked by the computer screens. Fig. 1 shows
a schematic of the propagation environment, where the location
of the Rx antenna and the different positions of the Tx antenna
are depicted. The Tx–Rx distance ranged from 2.70 to 8.40 m.

The bandwidth of the intermediate frequency filter of the
VNA was set to 100 Hz, and a response calibration of all
channel sounder elements was performed, before and during
the measurements process. The channel measurements were
carried out at night and during weekend, without the presence of
people. More details about the channel sounder, measurement
procedure, and setup can be found in [14] and [15].

III. K-FACTOR ESTIMATION

For a nontime dispersive channel, equivalent to a non-
frequency selective channel, where there is a dominant

Fig. 1. Schematic of the propagation environment, with Tx and Rx positions.

contribution, the CIR can be written as [1]

h(t) = hD +
√

PRhS(t) (1)

where hD indicates the complex amplitude of the dominant con-
tribution, with a power equal toPD = |hD|2, and

√
PRhS(t) is a

zero mean complex Gaussian process representing the stochastic
MPCs (i.e., the reflected, diffracted, and scattered components)
with a power 2

√
PR. Under these conditions, the envelope of

h(t) can be described by a Rice distribution [2], where the Rician
K-factor is defined as

K � PD

2PR
. (2)

The value of the K-factor can be estimated using different
estimators, such as the classical method of moments from the
envelope of h(t) [10].

In a wideband receiver, the MPCs can be distinguished
by their propagation delay and the CIR can be expressed
as [2]

h(t, τ) = hDδ(τ − τ0) +

M∑
m=1

√
PR,mhS,m(t)δ(τ − τm)

(3)
where

√
PR,mhS,m(t) represents the sum of the M MPCs

reaching the Rx antenna with a delay τm, hD is the amplitude of
the dominant contribution reaching the receiver with a delay τ0,
and δ(·) is the Dirac function. Under the WSSUS assumption,
the CIR can be written as

h(t, τ) = hDδ(τ − τ0)

+

M∑
m=1

amej2πfmax cos(ϑm)t+θmδ(τ − τm) (4)

being am the amplitude, fmax the maximum Doppler frequency,
ϑm the angle of arrival, and θm the phase associated to the mth
stochastic MPC. Fromh(t, τ), the CTF of the wideband channel,
denoted by H(t, f), is [1]

H(t, f) =

∫
τ

h(t, τ) exp(−j2πfτ)dτ (5)
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and therefore

H(t, f) = hDe−j2πfτ0

+

M∑
m=1

amej2πfmax cos(ϑm)t+θm−2πfτm . (6)

If H(t0, f) represents the CTF at the instant t0, the Rician K-
factor can be calculated as

K =
|hDe−j2πfτ0 |2

|∑M
m=1 amej2πfmax cos(ϑm)t0+θm−2πfτm |2 . (7)

Now, under the assumption of US in the delay variable [1], and
taking into account the random nature of the complex amplitude
and phase associated to the stochastic MPCs, and invoking the
central limit theorem (CLT), (7) is reduced to [12]

K =
|hD|2∑M

m=1 |am|2 . (8)

In (8), the numerator indicates the power associated to the
dominant contribution, and the denominator takes into account
the power of the stochastic MPCs. In this way, as proposed
in [12], the K-factor can be estimated from wideband channel
measurements in the frequency domain. Thus, ifH(t0, fn) is the
CTF for the nth frequency sample, the K-factor can be estimated
using the method of moments as [10], [12]

K̂ =

√
G2

a −Gv

Ga −
√

G2
a −Gv

(9)

where

Ga =
1

N

N∑
n=1

|Hn|2 (10)

Gv =
1

N − 1

(
N∑

n=1

|Hn|4 −NG2
a

)
(11)

being N the frequency samples of the CTF.
On the other hand, the power associated with the dominant

contribution can be extracted from the PDP, denoted by P (τ).
If H(t0, f) is the measured CTF at the instant t0, the CIR of the
wideband channel is given by [1]

h(t0, τ) =

∫
f

H(t0, f) exp(j2πfτ)df (12)

and under the WSSUS assumption, the PDP at the instant t0 can
be obtained as [1]

P (τ) ≡ P (t0, τ) = E{|h(t0, τ)|2}. (13)

From the knowledge of P (τ), the K-factor can be estimated
through the following expression:

K̂ =

∑L

l=1

∫ τl+Δτ

τl−Δτ

P (τ)dτ∫ ∞

0

P (τ)dτ −
∑L

l=1

∫ τl+Δτ

τl−Δτ

P (τ)dτ

(14)

where the numerator is an estimate of the power associated to
the L dominant contributions, with τl the propagation delay

Fig. 2. PDP measured at 26 and 38 GHz at the Tx2 position in LOS.

Fig. 3. PDP measured at 26 and 38 GHz at the Tx13 position in OLOS.

of the lth dominant contribution, over an integration interval
equal to 2Δτ . The denominator provides an estimate of the
power associated with the remaining MPCs. The integration
interval takes into account the windowing effect that occurs in the
frequency domain when the CTF is measured by the VNA [16].
We have considered Δτ = 1/BW , being BW the bandwidth of
the CTF, which corresponds to the delay resolution in P (τ).

As an example, Figs. 2 and 3 show the measured PDP at 26
and 38 GHz in LOS and OLOS condition, respectively. There is
a dominant contribution in LOS, which is the direct component,
whereas in the OLOS, the absence of the LOS component causes
other reflected MPCs to become dominant (two contributions in
the PDP of Fig. 3).

IV. RESULTS AND DISCUSSION

For each Tx antenna location, the value of the K-factor is
estimated at each of the 144 (12 × 12) URA positions. The
estimation is performed in frequency from the measured CTF
using (9), and through the PDP using (14). A bandwidth of 2 GHz
is considered in both methods. Thus,Δτ = 1/(2 GHz) = 0.5 ns
in (14), and a power threshold level (TH) equal to 30 dB is
considered in the PDP estimation. This value of TH corresponds
to the case of minimum signal-to-noise ratio, which occurs at
the maximum Tx–Rx distance and a the highest frequency band
(38 GHz). Fig. 4 shows the cumulative distribution function
(CDF) of the estimated K values, in logarithmic units, in the 26,
28, 33, and 38 GHz bands under LOS condition. Both estimation
methods provide a very similar median value, particularly in the
26 and 28 GHz frequency bands. Fig. 5 shows the CDF of the
K-factor in OLOS condition. In this case, dominant MPCs with
an amplitude higher than 2 dB below the maximum of the PDP
have been considered. The differences exhibited in the K-factor
for low CDF values, in both LOS and OLOS, are mainly due
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Fig. 4. CDF of the K-factor, in logarithmic units, for the 26, 28, 33 and 38 GHz
frequency bands in LOS condition.

Fig. 5. CDF of the K-factor, in logarithmic units, for the 26, 28, 33 and 38 GHz
frequency bands in OLOS condition.

TABLE I
K-FACTOR VALUES, IN LOGARITHMIC UNITS (DB): MEAN VALUE

(STANDARD DEVIATION)

to: 1) the power TH set in the PDP derivation, since when it
increases the total power associated with the PDP is reduced,
and as a result the value of K is overestimated; and 2) the value
of Δτ involved in (14), since when it increases the value of K
is also overestimated. The effect of these factors on the value
of K requires further investigation, although their effect on the
median value is minimal.

Table I summarizes the mean value (first-order sample
moment) and the standard deviation (second-order sample
moment), in logarithmic units, of the estimated K-factor. The

differences in the mean value range from 0.38 to 1.53 dB under
LOS, with a mean value of about 0.83 dB, while under OLOS
the differences range from 0.06 to 0.59 dB, with a mean value
close to 0.35 dB. The standard deviation values are higher when
the K-factor is estimated from the CTF, although the differences
are significantly less than 1 dB in most situations.

Since both methods provide very similar results, it is prefer-
able to use the estimator based on the moment method given
in (9), working directly with the measured CTF, especially in
OLOS, where the identification of the dominant MPCs is more
complicated. It should also be noted that when estimating the
PDP it is necessary to properly set the value of the TH, which
directly affects the estimation of the power associated with the
stochastic contributions.

The values of the K-factor derived in this study are lower
than those published in other works at mmWave frequencies for
indoor environments [17], [18], [19], [20], [21]. In particular,
a mean value of 9.04 dB was obtained in [17] at 26 GHz in a
large office, and a mean value of 6.15 dB was derived in [18] at
28 GHz in an open office environment, both in LOS conditions.
Our propagation scenario can be considered as a closed office
environment, where the dimensions are smaller, resulting in a
higher number of reflected contributions. As a result, the power
associated with the stochastic MPCs increases, resulting in lower
values of the K-factor. This behavior can be very well observed
in Figs. 2 and 3, where the maximum propagation delay is high,
with delay-spread values of the order of 15 and 20 ns in LOS
and OLOS conditions, respectively. The results suggest that the
K-factor is correlated with the dimensions of the propagation
environment, decreasing as the dimensions are reduced.

Since the performance of MIMO systems improves as the
stochastic MPCs increase [17], [22], corresponding to lower K-
factor values, the results obtained here indicate that it is possible
to employ massive MIMO techniques in order to increase the
capacity of wireless systems in this type of scenario, even under
LOS propagation condition.

V. CONCLUSION

In this letter, the K-factor has been estimated in a typical office
scenario from wideband channel measurements. The method
of moments and the PDP-based method have been used. The
K-factor values have been particularized to the potential 26, 28,
33, and 38 GHz frequency bands for the deployment of the future
wireless networks. The results show that both methods provide
similar average values, making them suitable for evaluating the
channel selectivity from experimental measurements. However,
it is more appropriate to estimate the K-factor directly from the
samples of the measured CTF using the method of moments.
The effect of Δτ and the power TH parameters on the K-factor
estimation when the PDP-based method is used requires further
investigation in order to establish a direct comparison between
the two methods, and will be addressed as a future research.

The results derived from this work are interesting for the
design, performance evaluation, and deployment of wireless
systems in indoor office scenarios operating at mmWave fre-
quencies.
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