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Abstract—Massive multiple-input multiple-output (MIMO)
ultra-wideband channel plays an important role in studying
the fifth generation (5G) mobile communication system. The
measurement is carried out in outdoorto-indoor (O2I) scene non-
line of sight (NLoS). The frequency is 3.5 GHz and bandwidth
is 100 MHz and 200 MHz respectively. Through the analysis of
measurement data, two problems are explored in this parper.
One is the method used to evaluate delay spread in such a
large number of sub-channel system. Another is the effect of
the transmission bandwidth and antenna number. The results
reflect that array positions and measurement environments have
various influences on delay spread. In addition, contrasting the
results of different bandwidth, it clearly indicates that the delay
spread of 100 MHz is greater.

I. INTRODUCTION

With the development of smart phones and mobile appli-
cations, mobile communications have experienced explosive
growth. The mobile traffic is predicted to grow more than
1000 times in the next 10 years [1]. Many theoretical studies
combining with the measurement or simulation data report
very promising system performance, see [2], [3]. In [2], the
author analyze the propagation characteristics in an outdoor
scenario with a physically large array, and concludes that large
scale fading and a varying angular power spectrum will be
observed over the array. The performance of transmit antenna
selection in the measured massive multiple-input multiple-
output (MIMO) channels was studied in [3], showing that the
compact cylindrical array achieves better performance than the
physically large linear array.

Most of studies of delay spread stay in MIMO system
[4]-[6]. [4], [5] summarized the delay spread characteristics
and capacity performance of a 2 TX and 2 RX wideband
MIMO channel system. [6] present the root mean square
(RMS) delay spreads and their probability distribution, roughly
follows Gaussian distribution, based on the wideband MIMO
measurement data. [7] analyzed the effects of different linear
precoding schemes based on measured data from a massive
MIMO channel system with 128 antennas at the base station
and 36 users. The results show that the compact cylindrical
array achieves better performance than the physically large
linear array. Our study on delay spread in wideband massive
MIMO system, comparing two bandwidth of 100 MHz and
200 MHz, can be the first time. The rationality of the virtual
measurement was proved in [8], the power delay profile (PDP)
calculated from combined channel impulse response (CIR) and
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CIR collected from the measurement campaigns can fit well.
In this paper, the delay spread characteristics of the wide-
band massive MIMO channel are presented.

II. MEASUREMENT DESCRIPTION

The measurement of massive MIMO channel was performed
on the campus of Beijing University of Posts and Telecommu-
nications (BUPT), China, utilizing the Elektrobit Propsound
sounder at a carrier frequency of 3.5 GHz and the signal band-
width of 100 MHz and 200 MHz respectively. A 32-element
uniform patch array (UPA) and a 16-element omnidirectional
array (ODA) are selected to conduct the measurement. Fig.
1 shows the dual-polarized UPA with 32 antenna elements at
the transmitting terminal. We shift the position of transmitting
antenna (including the horizontal and vertical positions) and
a virtual massive MIMO antenna array is obtained after the
measured data processing. Fig. 2 illustrates the schematic
diagram of shifting the position of a single 32-element UPA
to form a larger antenna array in a short time, and the distance
of each single element is half-wavelength.
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Fig. 2.

Virtual antenna array positions.

During the measurement, TX is located on the top of a lower
building, while RX is at 4th floor in a higher building. Layout
of the 4th floor is illustrated in Fig. 3.

I11. DATA PROCESSING METHODS
A. Power Delay Profile

The measured CIR collected by the sliding correlation
detector at time ¢,, can be modeled as h (7;,t,),l=1,---, N,
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Fig. 3. Layout of the 4th floor.

where 7; indicates the delay of the /th sample in the delay
domain. N is the sampling length of a CIR snapshot at time %,,.
The PDP corresponding to the CIR at time ¢,, can be calculated
by

P(m,ta) = [|h(n,ta)|* 1 =1, N (1)
where ||-|| indicates 2-norm operation.

A typical PDP result of a certain sub-channel at a certain
measurement spot is shown in Fig. 4. The threshold is set to
(X,) 10 dB larger than the noise level. The sub-path set of
the CIR can be further defined by

A, ={h(m,tn) | P(m,tn) > Xl =1,
where X, is the threshold at time ¢,,.

’7N}7 (2)
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Fig. 4. Power Delay Profile.

B. Delay

The RMS delay is defined as the root mean square of second
central moment of the PDP [9]. So the RMS delay sample of
a certain CIR can be simply calculated by

O (ta) = 72 (l) = 7 (t0) 3)
where 72 (t,,) and T (tn)2 can be calculated by
Zner P (Tlv tn) 7—12

T2 (t,) = 4)
( ) ZT[EU" P (le tn)
and
P 7tn
T (tn) = ZTzGUn (Tl ) Tl : )
ZT{GU” P(Tlatn)
where
U,={n|h(m,t,) € Ap,l=1,--- N}. (6)

These delays of 7; are measured relative to the first detectable
signal arriving at the receiver at 79 = 0.

TABLE I
THE FITTING PARAMETERS OF 8 TX ANTENNA ELEMENTS COMPARISON

TX position  u(logio(s)) w(ns)  o(logio(s))
1 7.01 98 0.1297
2 7.02 95 0.1355
3 7.00 100 0.1293
4 6.92 120 0.1078
5 6.96 110 0.0955
6 6.92 120 0.1127
7 6.92 120 0.1135
8 6.94 115 0.0861

IV. RESULTS AND ANALYSIS

In our measurement, there are 256 x 16 = 4096 multipaths
intensity profiles in a snapshot. As there are so many multi-
paths, several antenna elements are picked from TX. The TX
antenna is the left bottom antenna element 25# —26# on UPA,
and the RX is the whole 16 antenna elements on ODA. There
are 2 x 16 = 32 subchannels considered on one position, and
there are 8 positions as shown in Fig. 2.

Fig. 5 shows the histogram of RMS delay spread(logio(s))
distribution at TX position number 1 with bandwidth of 200
MHz. It is fitted well by the Gaussian distribution.
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Fig. 5. PDF of RMS delay spread at TX position number 1.

The situation of other TX positions are close to the number
1 position, fitting well by Normal distribution. The fitting
parameters ((logip(s)) and o(logio(s)) of the RMS delay
spread are all listed in Table I. On comparing the statistics
parameters, it obviously shows that the TX array positions
have impact on the RMS delay spread in our measurement.
The maximum of p(ns) is about 120, however the minimum
is 95. The dispersion can be measured by (fmaz — fmin)/ B
which is 0.2278.

Fig. 6 shows the cumulative distribution functions (CDF)
of the RMS delay spread at measurement spot 1 with the
bandwidth of 100 MHz. With the increasing of the number
of antenna elements, the discrepancy of RMS delay between
each case is tending to reduce. As we can see in the figure of
amplification, the four smoothing curves can fitting log-normal
well, and the curve of case 3 is very close to the curve of case
4, while both have some of interval to the curves of case 2
and case 1. That means the RMS delay spread obey log-normal
distribution ,and the distribution tends to be stable when the
number of antenna elements is bigger enough. 128 antenna
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Fig. 6. CDF of RMS delay spread with different number of antenna elements.

TABLE 11
THE FITTING PARAMETERS OF 100 MHz AND 200 MHz.

spot 100 MHz 200 MHz
p(logio(s))  o(logio(s))  p(logio(s)) o(logio(s))
ah -6.79 0.1463 -6.93 0.1165
floor 2 -6.80 0.1549 -6.99 0.1215
3 -6.72 0.1478 -6.92 0.0963

elements can be a rational choice, maybe less. But we can’t
come to conclusion that more antenna elements cause smaller
RMS delay spread, as the result of the effect of TX positions
in the big size antenna discussed above.

Ignoring differences among the sub-channels, the RMS
delay spread (log10(s)) of the whole sub-channels results can
fit the Normal distribution well. Table II shows the fitting pa-
rameters 11(log1o(s)) and o(logio(s)) of the RMS delay spread
at all measurement spots. Measurement results from bandwidth
of 100 MHz are greater at all measurement spots, both mean
value and variance of Normal-fit. The RMS delay spread is
158 ~ 191ns with the dispersion of 0.1937 in 100 MHz.
The result of 200 MHz is 102 ~ 120ns and the dispersion
is 0.1592. The dispersion reflects the different degree among
antenna positions, and thus it can be an important parameter
for describing delay spread measurement environment. The
smaller dispersion is, the more stable delay spread distribution
is.

Fig. 7 shows the difference of PDP in one snapshot between
100 MHz and 200 MHz at position number 1. It can easily
find a finer resolution appeared at 200 MHz in the figure of
amplification. Therefore, the RMS delay spread is smaller at
200 MHz in this snapshot, as the result of more delay paths
and weaker power.

V. CONCLUSION

This paper analyzed the RMS delay spread (DS) and their
probability distribution on the basis of the wideband massive
MIMO channel measurement in O2I scenario at 3.5 GHz with
100 MHz and 200 MHz bandwidth respectively. The results
indicate that the empirical distribution of the RMS DS are
fitted well by Gaussian distribution. This method can be easily
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Fig. 7. Comparison of PDP between 100 MHz and 200 MHz.

applied to large scale antenna, considering all sub-channels
directly. Futhermore, the mean and variance of RMS delay
spreads depend on the antenna array, practical environment
and transmission bandwidth. There is a not weak impact on
RMS delay spread among the antenna elements and antenna
array positions, and thus the author introduces the parameter
of dispersion. Besides, the larger bandwidth has smaller delay
spread obviously. As the bandwidth and the size of antenna
increasing, the traditional method will be inefficient.
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