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Abstract - Multi-user MIMO (MU-MIMO) realizes a high
channel capacity with a little limited number of antennas at
user terminals. On the other hand, MU-MIMO needs a channel
state information to obtain the transmit weight of beam
forming. The distributed antenna system (DAS), which switches
the high density arranged antennas according to user
distribution in indoor environment, has been proposed. In this
paper, we obtain the channel state information in an actual
indoor environment. The paper shows that the SNR,
eigenvalues and channel capacity can be improved compared to
centralized antenna system by selecting antenna with highest
SNR from limited area. We verify that the proposed antenna
selection is effective from points of view on both the
simplification of antenna selection and improvement on channel
capacity.

Index Terms — Multi-user MIMO, distributed antenna
system, antenna selection, channel capacity, zero forcing

1. Introduction

The growing popularity of smart phones and wireless
LANS has set the demand for achieving broadband wireless
transmission within a limited frequency band. Multiuser
MIMO (MU-MIMO) systems have recently attracted much
attention as a technology that enhances the total system
capacity by generating a large virtual MIMO channel
between a base station (BS) and multiple user terminals
(UTs) [1][2].

To further enhance the ability of MU-MIMO, MU-MIMO
in distributed antenna system (DAS) has been proposed in
many researchers (for example, in [3] [4]). It is widely
known that MU-MIMO in DAS achieves not only higher
received power at each user but also higher special diversity
than that in centralized antenna system (CAS).

In this paper, we evaluate the effectiveness of DAS in an
actual indoor propagation environment. To reduce the
overhead by using channel state information (CSI) in DAS
[5], we propose a new antenna selection where antenna is
selected by dividing several groups in DAS and selecting
antenna with highest signal to noise power ratio (SNR) from
each group. The SNR, eigenvalues, and channel capacity
enhancement with DAS with the proposed antenna selection
is verified by using the CSI in an actual indoor propagation
environment

Copyright ©2016 by IEICE

2. Measurement environment

Fig. 1(a) and (b) show measurement environment for CAS
and DAS. Carrier frequency and bandwidth are 2.6 GHz and
6 kHz, respectively. Modulation scheme is minimum shift
keying (MSK). Transmission power is 20 dBm. The
transmitters and receivers are connected with UT and AP
antennas, respectively and uplink CSI between UT and AP
antennas is measured. The heights of AP and UT antennas
are 2.3 and 0.7 m, respectively. Patch and sleeve antennas
are used for AP and UT antennas, respectively. As shown in
Fig. 1(a), the number of AP antennas is 4 and the number of
UTs is 32. As shown in Fig. 1(b), the number of AP
antennas is 32 and the number of UTs is 32.

One user is selected in turn from each group (1 to 4 for UT
in Fig. 1(a) and (b)) and four users are totally selected for
each trial. 4096 trial is totally employed for UTS’
combination. Moreover, single antenna is selected from each
group (1, 2, 3 and 4 at the AP in Fig. 1(b)): totally four AP
antennas are selected in Fig. 1(b). Therefore, uplink 4x4
MU-MIMO transmission is evaluated in Fig. 1(a) and (b).
The noise power is determined so that average received
power versus the noise power, i.e., SNR is 20 dB when
considering DAS.

When considering DAS in Fig. 1(b), two types of antenna
selection are evaluated. One is random antenna selection
from each group (DAS (R)). Another method is that the
antenna with the highest SNR is selected from each group
(DAS (H)).
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Fig.1 Measurement environment of CAS and DAS

3. Channel capacity comparison between CAS and
DAS

Fig. 2 shows the cumulative density function (CDF) of
SNR. As can be seen in Fig. 2, the SNR by DAS (R) cannot
be improved. On the other hand, 7 to 8 dB SNR
improvement is obtained by selecting antenna with highest
SNR for each region compared to CAS.

Fig. 3 shows the CDF of first and fourth eigenvalues (A,
and A4) by CAS and DAS (H). When we compare the
eigenvalues at CDF = 50 %, A; by DAS (H) increases about
7 dB in comparison with A; by CAS. Surprisingly, A4+ by
DAS (H) increases about 20 dB in comparison with A4 by
CAS. Because each antenna is spatially located at a distance
in DAS (H), not only SNR but also spatial correlation can be
improved by this method.
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Fig. 2 CDF of SNR (CAS, DAS (R) and DAS (H)).
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Fig. 3 CDF of 1% and 4" eigenvalues (CAS and DAS (H)).
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Fig. 4 Shannon capacity and achievable bit rate (CAS and
DAS (H)).

Fig. 4 shows the CDF by Shannon capacity and achievable
bit rate by CAS and DAS (H). When considering a realistic
signal processing, a linear decoding such as zero forcing
(ZF) is essential for MU-MIMO transmission. In this paper,
the ZF is adopted as an actual decoding algorithm at the AP.

As can be seen in Fig. 4, both Shannon capacity and
achievable bit rate by ZF by DAS (H) can be greatly
improved compared to those by CAS. Because both SNR and
spatial correlation characteristics can be improved by DAS
(H), improvement of the achievable bit rate by ZF is much
larger than that of Shannon capacity when considering DAS
(H). It is shown that DAS with the antenna selection with
highest SNR for a certain separated area has great advantage
which realizes a simple decoding algorithm such as ZF.

4. Conclusion

In this paper, a new antenna selection has been proposed
where antenna is selected by dividing several groups and
selecting antenna with the highest SNR from each group in
DAS. The CSI is measured when considering CAS and DAS
in an actual propagation environment. It is shown that DAS
with the antenna selection with highest SNR for a certain
separated area has great advantage. In particular, we verified
that the achievable bit rate of ZF by DAS with the proposed
method is improved compared to that by CAS.
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