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Aircraft seems to be the last isolated island where the wireless access is still not available. In this paper, we consider the distributed
multiple-input multiple-output (D-MIMO) system application based on measurements in aircraft cabin. The channel response
matrices of in-cabin D-MIMO system are collected by using a wideband channel sounder. Channel capacities with optimum
transmit antenna selections (TASs) are calculated from the measured data at different receiver positions. Then the optimum
capacity results are compared to those without selection in different transmit SNR. It is shown that the TAS can lead obvious
capacity gain, especially in the front and back of cabin. The capacity gain represents a decreasing trend with the transmit SNR
increasing. The optimal transmit antenna subset is closely related to the transmit SNR. With the SNR increasing, more transmit
antennas will be chosen for higher performance. The subset of those transmit antennas near the receiver is a reasonable choice in
practical application of D-MIMO system.

1. Introduction

With the rapid development of wireless communications,
subscribers require more convenient access service at any
time. Aircraft seems to be the last remaining frontier where
the wireless access is still not available [1, 2]. Passengers want
to use mobile phones and laptops to meet their business
and entertainment requirements in flight. To realize the
in-cabin wireless access, one basic work is to investigate
the propagation model in the aircraft. Some measurements
have been carried out in cabin scenario to analyze the
coverage and capacity of wireless systems [2–6]. MIMO
(multi-input-multi-output) technology, which can improve
the capacity gain and frequency efficiency, has been widely
studied. However, only a little research work has been
conducted for the in-cabin application of MIMO technique.
In [5, 6], the capacity gain has been proved for the in-
cabin centralized MIMO system. In this presented paper,
we will focus on the distributed MIMO (D-MIMO) chan-
nel characteristics. Compared with traditional centralized
MIMO system, D-MIMO system can provide higher energy

efficiency and fairer coverage [7, 8]. Especially in cabin
scenario, the D-MIMO system could offer the passengers
equal wireless service with low power consumption. To our
best knowledge, there is still no measurement-based research
work on the in-cabin D-MIMO channel.

In practice, access point with more antennas has to
employ more radio frequency (RF) units. Then the cost of
RF equipments and the complexity of the signal processing
will increase too, which limit the MIMO system application.
To solve this problem, antenna selection technology is pro-
posed. In MIMO systems, antenna selection is to choose an
optimum subset of antennas for communication. It can be
classified as transmit (Tx) and receive (Rx) antenna selec-
tions. The latter one can reduce receive antenna number
and signal processing complexity. Meanwhile, some receive
energy will be lost, and the channel rank will not be im-
proved. Thus, the receive antenna selection is unable to lead
capacity gain of total MIMO system [9].

In this presented paper, we will emphasize the transmit
antenna selection (TAS) impacts on D-MIMO system’s ca-
pacity in cabin scenario. For D-MIMO channel, because the
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transmit antennas are placed with distances, different links
suffer diverse shades. Then the TAS can be useful with utiliza-
tion of the macrodiversity gain. In order to validate the TAS’s
effect based on measured results, measurement campaigns
are carried out in cabin to collect MIMO channel-impulse-
response (CIR) matrices. Based on the collected data, the
capacities under different antenna selection schemes with
fixed total transmit power are analyzed and compared. The
results show that, besides the reduction of the complexity
and cost, the TAS will lead capacity gain in cabin scenario.
The relationship between the signal-to-noise ratio (SNR) and
antenna selection scheme is also discussed. Then we present a
simple near-optimum selecting way for practical application.

The rest of this paper is organized as follows. In Section 2,
the channel sounder and measurement setup are introduced.
The D-MIMO channel capacity with TAS is characterized in
Section 3. In Section 4, the measurement results are shown
to evaluate the TAS performance. Finally, our conclusions are
presented in Section 5.

2. Experimental Setup

2.1. THU Channel Sounder. The Tsinghua University (THU)
MIMO channel sounder [10] was used to collect raw
measured data. It worked at the center frequency of 3.52 GHz
with 40 MHz bandwidth, supporting both centralized and
distributed MIMO channel measurements. During the in-
cabin measurements, the transmitter employed a signal gen-
erator to periodically output a linear frequency modulated
(LFM) sequence. A microwave switch was used to connect
the signal generator with seven transmit antenna ports. Tx
antennas were connected to the switch through cables and
were distributed in the cabin.

At the receiver side, seven antennas constituted a uni-
form linear array (ULA) with half-wavelength interelement
spacing. The received signal was input to one RF tunnel
via another 7-way switch. Then a 7-input 7-output system
was realized by adopting this fast time-division-multiplexed
switching (TDMS) scheme. The microwave switches were
controlled to scan all possible antenna combinations by a
synchronization unit.

The major configurations of the THU channel sounder
were shown in Table 1. The test signal length tp was 12.8μs.
A guard interval tp was also inserted between adjacent
transmission to protect the test signal from the delay spread
infection. Then one total snapshot interval was 7 × 7 ×
2tp = 1254.4μs. The real-time measured data was stored in a
server. To obtain the channel parameters of interest, the data
processing was finished off line.

2.2. Measurement Environment. Our measurement cam-
paigns are carried out in an MD-82 aircraft. The MD-82
[11] is a short-haul aircraft with 149 seats arranged in 33
rows. The first three rows are the business class and the other
rows are the economy class. The dimensions of the cabin are
30.5 m length, 3.34 m width, and 2.05 m height, respectively.
The aisle width is 0.5 m, and the distance between rows is
0.7 m. The seat height is 1.16 m above the floor.

Table 1: The configurations of THU MIMO channel sounder.

Parameter Range

Carrier frequency 3.52 GHz

Bandwidth 40 MHz

Tx signal length 12.8 μs

Snapshot interval 1.2544 ms

Antenna configuration 7 × 7

Antenna type Omnidirectional with 4 dBi gain

Polarization Vertical

As illustrated in Figure 1, seven transmit antennas (Tx1–
Tx7) were fixed at different positions. The Tx antenna
height was 1.68 m above the floor, and the distance between
adjacent Tx antennas was 2.9 m.

The cross-section of the measurement environment was
shown in Figure 2. The receiver with centralized antenna
array was placed on a dining car. The receiver height was
1.37 m. There are seven Rx antennas (Rx1–Rx7) at the
receiver, but in the following analysis only three of them were
used. Other elements were used as dummy elements, and
their responses were discarded.

During the measurements, the receive array’s position
was changed along the aisle from the 4th row to the 27th row
of the economic class, as the pentagrams shown in Figure 1.
At each position, receiver was moved in an 8λ interval back
and forth, in order to collect channel data with independent
small-scale fading.

3. D-MIMO Capacity with Transmit
Antenna Selection

3.1. Distributed MIMO Channel Model. In D-MIMO system,
each base station has N distributed antenna ports, each
port with V microdiversity antennas. The mobile station’s
antenna number is M, and then this D-MIMO system can
be noted by (N ,V ,M)[12].

This (N ,V ,M) D-MIMO channel can be described as

H = [H1(d1), H2(d2), . . . , HN (dN )]M×NV , (1)

where di (i = 1, . . . ,N) is the distance between the ith
antenna port to the mobile station. Hi(di) is the M × V CIR
matrix of ith antenna port. If N = 1, it becomes a traditional
centralized system, and if V = 1 a star-shaped D-MIMO. As
introduced in Section 2, our channel sounder is a (7, 1, 7)
star-shaped D-MIMO system.

3.2. D-MIMO Capacity with Transmit Antenna Selection.
Consider a channel is unknown at the transmitter. The ca-
pacity of a D-MIMO channel with equally allocated transmit
power can be calculated as [9]

C = log2 det
(

IM +
Pt
Nσ2

HHH
)
. (2)

Here, H is the M×N CIR matrix, whose elements include
the pathloss, shade fading, and small-scale fading effects.
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Figure 1: Interior arrangement of the measurement environment.
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Figure 2: Cross-section of the measurement environment.

Then it is not a normalized matrix. N and M are the transmit
and receive antenna numbers, respectively. IM is an M ×M
identity matrix. Pt is the total transmit power and σ2 is
the noise power. Then ρt = Pt/σ2 is the transmit SNR.
Superscript (·)H denotes the Hermitian transpose.

Two metrics including ergodic capacity and outage
capacity are usually used to evaluate MIMO system’s perfor-
mance. The ergodic capacity is corresponding to the average
capacity of random channel and will be considered in the
following analysis. The ergodic capacity can be computed by

Cergodic = EH

{
log2 det

(
IM +

Pt
Nσ2

HHH
)}

. (3)

EH(·) is the average operator. It means that independent
channel realizations are needed to obtain the ergodic capac-
ity. For each Rx position’s data processing, we consider both

the spatial realizations in 8λ and the frequency realizations in
40 MHz bandwidth.

The objective of TAS is to choose an optimum antenna
subset including L antennas to maximize capacity given by

Csel = max
H̃∈H

{C} = log2 det
(

IM +
Pt
Lσ2

H̃H̃H
)

, (4)

where H̃ is an M × L subblock matrix of H.
The capacity gain with antenna selection can be defined

as

G = Copt − Cno sel

Cno sel
. (5)

Here, Copt is the ergodic capacity with optimum selection
subset. Cno sel is the capacity without antenna selection; that
is, all transmit antennas are employed to send equal power.

4. Measurement Results

4.1. Antenna Selection Effect on Channel Capacity. As men-
tioned above, the channel sounder is a star-shaped D-MIMO
system with seven distributed transmit antennas. The
receiver also employs seven Rx antennas as a centralized
array. In future wireless systems, limited to the size and
cost requirements, three or fewer antennas are practicable
for most mobile terminals (e.g., mobile phones). So we
only select three receive antennas (Rx3, Rx4, and Rx5)
for following analysis. These three antennas are located at
the center of the array, and one-wavelength array size is
approximately a mobile phone’s length. Then we will focus
on a (3, 7, 1) D-MIMO system’s performance with TAS.

According to (3), firstly the ergodic capacities without
antenna selection are extracted from the measured data at
24 different positions. Then the max capacity with TAS
is computed by searching all possible antenna selection
schemes. To keep the comparison justice, the total transmit
power of all Tx antennas is set to be equal for a fair
comparison. If less antennas are used, each antenna will
radiate more power. As illustrated in Figure 3, TAS can lead
obvious capacity gain. Here the transmit SNR is 87 dB, which
is corresponding to about 20 dB average receive SNR. For all
receiver positions, the gains are between 3% and 14%.
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Figure 3: Ergodic capacities with different TAS schemes at 24 Rx
positions.

This capacity gain is related to the Rx locations. In this
cabin scenario, the distributed Tx antennas are arranged in
a line. When all transmit antennas work together with equal
power, some of them are far from the receiver and energy
from these antennas are small. Thus, the receive SNR is
lower than that with TAS. For example, at the front and
back of the cabin, antennas at the other side are far from
the receiver, so the capacity with TAS can be 10% more
than that without selection. In the middle of cabin, because
the distances between receiver and different Tx antennas are
similar, the capacity gain brought by TAS is relatively smaller.

Moreover, in the front or back of the cabin, the macro
diversity is smaller than that in the middle. In our previous
work [13], we have proved that when Rx is placed in the
cabin back (e.g., the 25th row), the signals sent from Tx1
and Tx2 would undergo similar reflection and scattering,
which leads to strong spatial correlation between Tx1 and
Tx2. Similar thing occurs when receiver is located in the front
of cabin. Then the microdiversity effects led by distributed
Tx antennas are not large in the front or back of cabin.
Comparatively, in the middle the Tx correlations are smaller.
Selecting more Tx antennas will increase the channel rank
obviously and make the eigenvalues more uniform.

Equation (2) can be rewritten as

C =
rank(H)∑
j=1

log2

(
1 +

Pt
Nσ2

λj

)
, (6)

where rank(H) is the rank of the CIR matrix H. λj is the jth
eigenvalue. According to (6), the improvement of channel
rank and min eigenvalue can partly counteract the receive
energy loss. Thus, the gap between the two curves is not large
when Rx is in the middle.

The capacities measured at the 26th and 27th rows are
lower than others. It may be led by the energy leakage because
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Figure 4: TAS capacity gains with different transmit SNRs using
Rx3, Rx4, and Rx5.

the Aft service door was always open during measurement
campaigns.

In Figure 4, the capacity gains with TAS at different SNRs
are illustrated. It can be seen that capacity gain falls with the
increase of transmit SNR. Similarly, selecting more transmit
antennas will improve the CIR matrix rank. According to
(6), with high transmit SNR, larger CIR matrix rank and
more uniform eigenvalues can increase the channel capacity
without TAS. For practical communication systems, the
receive SNR is usually from −5 dB to 20 dB, approximately
corresponding to the transmit SNR from 60 dB to 85 dB. In
this range, the capacity gain is visible. Also, it can be seen
that the capacity gain at the middle is smaller than those at
the edges of the cabin.

4.2. Optimum Transmit Antenna Selection Scheme. With
different transmit SNRs, the proportions of the optimal
antenna number at all 24 positions are shown in Figure 5. It
can be seen that with very low SNR, for example, lower than
50 dB, at most positions only one antenna is needed to reach
the largest capacity. With the increase of transmit SNR, the
smallest eigenvalue of CIR matrix becomes bigger, and then
more antennas can provide better performance by leading
larger multiplexing effect. In this situation, more antennas
can do that. Then the capacity will become larger. However,
even with very high SNR, the probability of selecting six
or more antennas is very small. In the application of the
D-MIMO system, it means that all transmit antennas are
not necessary for one passenger’s service. Considering the
practical receive SNR, the number of the transmitter RF
devices can be reduced. In most cases, receiver with three
antennas only needs from 2 to 4 transmit antennas.

Then another question is which antenna subset is the
optimum one. For seven transmit antennas, there are totally
127 selection schemes. Searching all combinations will
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Figure 5: The antenna number of optimal TAS subset.

lead high processing complexity. According to the former
analysis, we notice that the access distance is quite important
for D-MIMO system. Then one near-optimum scheme is to
select transmit antennas near the receiver. As an example,
in Figure 3 we give the results when using about four
transmit antennas. The black dot-dash with triangle marker
is corresponding to the ergodic capacity at this case. It can
be seen that this TAS scheme’s performance is quite close to
the optimum one. Then in practical application, we can just
select the nearest 2 to 4 antennas to serve the passengers in
different rows.

4.3. Results with Larger Receive Array. In the analysis above,
we choose Rx3, Rx4, and Rx5 to form a small-size (one-
wavelength) receive array. Small array means that there
exist high correlations among receive antennas in the long
and narrow cabin. The CIR matrix has low rank, and the
eigenvalues distribute nonuniformly, especially at the ends of
the cabin. In (6), it means that the SNR is the deterministic
factor to the channel.

If we consider a larger receive array, including Rx1, Rx4,
and Rx7. This array is 3-wavelength long, which is corre-
sponding to a laptop’s size. Then Rx correlations are smaller.
Choosing more transmit antennas will make the eigenvalues
distribute more uniform, which can partly eliminate the loss
of energy. Thus in this situation, the capacity gain with TAS
will be lower. The measured results also prove that, as shown
in Figure 6. Compared with Figure 4, the capacity gain is not
larger than 40%. The differences between the middle and
edges are not so large as that in Figure 4.

5. Conclusion

The TAS effects on channel capacity of in-cabin D-MIMO
system were analyzed by using measured data. The optimum
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Figure 6: TAS capacity gain with different transmit SNR using Rx1,
Rx4, and Rx7.

TAS subsets at different Rx positions were found out by
searching all possible schemes. Then the ergodic capacity
with optimum TAS was compared with that without selec-
tion. The results showed that the TAS could lead visible
capacity gain, especially in the front and back of the cabin.
With the increase of the transmit SNR, the capacity gain
decreased. The selected antenna number in the optimum
subset also depended on the transmit SNR. With low
SNR only few antennas were needed to provide better
performance, while in high SNR condition more antennas
would lead larger capacity. And in most cases, the optimum
selected number was smaller than 5. One practical selection
scheme was to choose the Tx antennas near the receiver.
For receiver with larger array size, the effects of TAS would
become smaller. These results provided practical references
to the future distributed MIMO system applications in cabin.
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