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Abstract

In this paper, we present a measurement campaign of in-
door massive MIMO channels by using a wideband chan-
nel sounder and a rectangular large-scale array with 256 el-
ements. The measurements are conducted at 11 GHz, with
a bandwidth of 200 MHz, and the light-of-sight (LOS) sce-
nario is considered. Some basic channel parameters, in-
cluding shadow fading, delay spread and coherence band-
width, are extracted. The non-stationarity of radio chan-
nels, which is reflected by the variations of delay spread
and coherence bandwidth over different array locations, is
discussed. The results would be useful for the channel mod-
eling of massive MIMO at the frequency bands beyond 6
GHz in the indoor environments.

1 Introduction

The researches on the fifth generation mobile communi-
cation system (5G) have been extensively carried out [1],
and massive MIMO, which is one of the most important
technique of 5G [2–4], has gained more and more attention
by researchers. However, in channel modeling of massive
MIMO, only few researches and channel measurements are
reported [5–7]. The management of spectrum use for 5G is
still a debatable issue, however it is reasonble to believe that
in order to achieve the best spectrum utilization, the mas-
sive MIMO systems working at the frequency bands below
6 GHz are expected to support a large coverage and provide
the basic user experience rate, whereas the systems work-
ing at the frequency bands beyond 6 GHz are expected to
serve for short range communication and carry out wide-
bandwidth and high-speed transmissions. Since the system
performance can be seriously affected by radio channels,
deep investigations on channel behaviors in different typi-
cal scenarios (e.g. office, library, railway station, and high-
speed railway [8,9], etc) at different frequency bands are re-
quired. In this paper, we perform a measurement campaign
in a theater environment at 11 GHz, and channel character-
ization is presented, which is used to give insights to chan-
nel modeling of massive MIMO at a the frequency beyond
6 GHz.

The rest of the paper is organized as follows. Section 2
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Figure 1. Measurement environment. The elements of the
vitual Tx array (4×64) are marked with yellow dots.

describes the measurement system and measurement envi-
ronment. Section 3 presents the measurement results and
statistical analysis results and Section 4 gives the conclu-
sions of the paper.

2 Measurement Campaign

2.1 Measurement System

The measurement is conducted with a wideband frequency
domain channel sounder at 11 GHz. A 256-element virtual
rectangular array (URA), which has 64 elements in each
rows and 4 elements in each column, is used. The omni-
directional vertical-polarization transmitter (Tx) antenna is
moved along the guide rail of the turntable to constitute a
256-element virtual array during the measurements. The
3D turntable can guarantee a millimeter grade of accuracy.
Full automatic control of the 3D turntable is realized, which
means that the route of the Tx antenna has been preset
through programming. An omnidirectional vertical polar-
ization antenna is positioned at 2 points, which are spaced
by half a wavelength at each Rx location. The spacing of
adjacent antenna elements for Tx is also half a wavelength.
The measurement bandwidth 200 MHz, which guarantees
a high resolution capability of multipath in the delay do-
main. The calibration measurements were performed in a
anechoic chamber, in order to remove the influence of the
sounder equipments, cables and power amplifier. All clocks



Figure 2. CDF of Shadow Fading with Gaussian fitting.

and sampling circuits in both the Tx and the Rx equip-
ments were slaved to the calibrated rubidium clock at the Tx
side, which is disciplined by the Global Positioning System
(GPS) before the measurements.

2.2 Measurement Environment

The measurement campaign is conducted at a theater in Stu-
dent Activity Center, Beijing Jiaotong University, China, as
shown in Fig 1. The auditorium of the theater is 15.97 m
of length, 11.74 m of width, and 6.92 m of height. In the
measurements, the theater is closed and there is no move-
ment of people in order to keep the channel strictly static.
The 3D turntable is placed on the left, anterior side of the
platform, which is 1.23 m above the ground of theater. The
height of Tx antenna is 2.0 m, hence it is 3.23 m above the
ground of the theater. During our measurements, the loca-
tion of the Tx array is fixed, and 18 locations of the Rx are
predefined among the auditorium. The distance between Tx
and Rx ranges from 5.48 m to 14.27 m.

3 Analysis and Results

The IQ data, which can be used to determine the channel
transfer function H( f ), is recorded in the frequency domain
vector signal analyzer at Rx system during the measure-
ments. The channel impulse response (CIR), h(τ), can be
caculated from the transfer function as

h(τ) = IFFT(H( f ),N f ), (1)

where IFFT(·) is the inverse discrete Fourier transform, τ is
delay, and N f = 513 is the number of measured frequency
points. A Hann window is used to suppress side lobes.

3.1 Path loss and Shadow Fading

The local wideband path loss is determined from the mea-
sured transfer functions. The dB-scale path loss can be cac-
ulated as follow [10]

PL =−10log10

(
1

N f

N f

∑
l=1

|H( fl)|2
)
, (2)
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Figure 3. Example plot of PDPs along the 4-th row of the
URA. (a) Row NO.6, Seat NO.7. (b) Row NO.8, Seat NO.2.

where fl is the l-th frequency point in the measured transfer
function. In our measurements, since the range from Tx
to Rx is short, we focus on the shadow fading. The dB-
scale shadow fading can be conventionally modeled as a
real zero-mean Gaussian process with a standard deviation
of σS as [11–13]

XS ∼ N
(
0,σS

2) . (3)

Fig. 2 shows the esitmated cumulative distribution function
(CDF) of shadow fading with a Gaussian fit. The corre-
sponding σS is found to be 1.27 dB. In [14], a measure-
ment campaign of MIMO channels in conducted at 11 GHz
in the indoor environments. Our result is similar to the re-
sult therein, which is useful to channel modeling of massive
MIMO in indoor scenarios.

3.2 Power Delay Profile and RMS Delay
Spread

RMS Delay Spread is a typical parameter to depicts the
channel temporal dispersion, which can be caculated from
the average power delay profile (APDP). APDP can be ob-
tained from the CIR, as follow [11, 15]

APDP(τ) =
1

Ncyc

Ncyc

∑
i=1

PDP(τ, ti) =
1

Ncyc

Ncyc

∑
i=1

|h(τ, ti)|2, (4)

where Ncyc = 12 is the number of the PDP samples in each
sunchannels. ti is the i-th time instant. Fig. 3 shows exam-
ple plots of the measured APDPs for the 256-element URA.
In order to perform a quantitative analysis, we set a noise
threshold to eliminate the impact of noise, and calculate the
root-mean-square (RMS) delay spread. The noise thresh-
old is set to be 6 dB above the noise floor [16]. RMS delay
spread can be obtained by [11]

τrms =

√√√√√√∑
p

APDP(τp)τ2
p

∑
p

APDP(τp)
−

∑
p

APDP(τp)τp

∑
p

APDP(τp)

2

, (5)



Figure 4. Estimated RMS delay spread for the Rx location
of Row NO.8 & Seat NO.2.

where τp denotes the p-th delay bin of the corresponding
APDP. Fig. 4 illustrates an example plot of the estimated
RMS delay spread for the Rx location of Row NO.8 &
Seat NO.2. The RMS delay spreads for all the 18 Rx lo-
cations are estimated, the mean and standard deviation are
found to be 14.17 ns and 2.30 ns, respectively. These re-
sults are relatively smaller compared with [14], probably
due to the different propagation environment and data pro-
cessing method. Moreover, we compare these results with
the ones in [7], which performs a measurement campaign
of massive MIMO channels at the frequency bands below
6 GHz in an indoor lecture hall. The means of RMS delay
spread in [7] are generally larger than 25 ns, which is rela-
tively larger than the result in this paper. However, the stan-
dard deviations of RMS delay spread are 2.1∼2.8 ns over-
all, which is fairly close to the result of 11 GHz. It is found
that, in an indoor environment with a carrier frequency of
11 GHz, the channel characteristics of massive MIMO are
non-stationary in both spatial and delay domains.

3.3 Coherence Bandwidth

We use coherence bandwidth Bcoh to characterise the chan-
nel behavior in the frequency domain. It defines the small-
est bandwidth of which the correlation between fading at
two different frequencies is under a given threshold (e.g
1/e). The frequency correlation function (FCF), RH , can
be obtained as [11]

RH(∆ f ) = FFT(APDP(τ) ,Nτ) , (6)

where FFT(·) denotes the fourier transform and Nτ is the
numbers of delay bins. Once the correlation function is ob-
tained, the coherence bandwidth can be determined in terms
of a correlation level of 1/e. Fig. 5 illustrates the FCFs at
the Rx location of Row NO.8 & Seat NO.2. The corre-
sponding coherence bandwidth is shown in Fig. 6. The
coherence bandwidths of all 18 Rx locations are estimated,
the mean and standard deviation are found to be 66.94 MHz
and 8.62 MHz, respectively. It is noticed that the coherence
bandwidth varies along the Tx array.
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Figure 5. Example plots of correlation functions for the Rx
location of Row NO.8 & Seat NO.2. (a) Correlation func-
tions along the 3-th rows of URA. (b) Correlation function
corresponding to the 32-th subchannel along the 3-th rows
of URA, together with the threshold of 1/e.

Figure 6. Estimated coherence bandwidth for the Rx loca-
tion of Row NO.8 & Seat NO.2.

4 Conlusion

A measurement campaign of massive MIMO channels was
carried out in an indoor theater environment at 11 GHz with
a bandwidth of 200 MHz. A 256-element URA (4×64) was
used at the Tx side, and 18 different Rx locations among
the auditorium were used in the measurements. Some typ-
ical channel parameters are extracted and analysized, such
as shadow fading, RMS delay spread and coherence band-
width. The standard deviation of shadowing is 1.27 dB.
The means and the standard deviation of RMS delay spread
are 14.17 ns and 2.30 ns, and the means and the standard
deviation of coherence bandwiddth are found to be 66.94
MHz and 8.62 MHz, respectively. It is found that the non-
stationarity of the massive MIMO channel also exists at
11 GHz band, and this feature should be handled carefully
when modeling massive MIMO channels.
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