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Performance Evaluation of a Multi-User MIMO
System with Prediction of Time-Varying Indoor

Channels
Huu Phu Bui, Yasutaka Ogawa, Fellow, IEEE, Toshihiko Nishimura, Member, IEEE,

and Takeo Ohgane, Member, IEEE,

Abstract—In this paper, the performance of a multi-user
multiple-input multiple-output (MIMO) system in time-varying
channels is evaluated using measurement data. We consider the
multi-user MIMO system using a block diagonalization (BD)
scheme and an eigenbeam-space division multiplexing (E-SDM)
technique. In an ideal case, the BD scheme eliminates inter-user
interference, and the E-SDM technique suppresses inter-stream
interference. In actual radio environments, however, channels
change over time. This causes interference in the multi-user
MIMO system even though the BD scheme and the E-SDM
technique are used. To overcome this problem, the authors have
developed a simple channel prediction scheme on the basis of
a linear extrapolation and have demonstrated its effectiveness
by computer simulations assuming the Jakes’ model. To verify
the performance of the channel prediction scheme in actual
environments, we conducted a measurement campaign in indoor
environments and measured a large amount of channel data.
Using these data, we examined the channel transition and channel
tracking with the prediction method. Then we obtained the bit-
error rate (BER) performance. The prediction technique was
shown to track the channel and improve the BER performance
almost to that in the ideal time invariant case.

Index Terms—Multi-user MIMO system, Block diagonaliza-
tion, Eigenbeam-space division multiplexing, Time-varying envi-
ronment, Channel prediction, Doppler frequency

I. INTRODUCTION

MULTIPLE-input multiple-output (MIMO) systems have
been extensively studied over the last decade because

they provide high data rate transmission without increasing the
frequency bandwidth [1], [2]. Attention is currently focused
not only on single-user MIMO systems but also on multi-
user ones that accommodate multiple mobile stations (MSs) si-
multaneously [3]. Furthermore, capacity of multi-user MIMO
channels has been investigated on the basis of measurements
[4]–[6]. In MIMO systems, we may have multiple-stream
transmission between a base station (BS) and a MS. Thus, we
may have inter-stream interference (IStI). In multi-user MIMO
systems, we may encounter inter-user interference (IUI) in
addition to the IStI. These interferences severely degrade
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MIMO system, especially in a downlink transmission scenario,
because each MS usually has fewer antennas than a BS and
does not have enough degrees of freedom to suppress the inter-
ferences. A block diagonalization (BD) scheme can eliminate
the IUI [7]–[9]. This scheme decomposes a multi-user MIMO
channel into multiple independent single-user MIMO channels
by forcing the interference to a user from the remaining users
to be zero. In addition, to suppress IStI in each single-user
MIMO channel, an eigenbeam-space division multiplexing (E-
SDM) technique can be applied [10], which is also called a
singular value decomposition (SVD) system [11] or MIMO
eigenmode transmission system [12]. Therefore, combining
the BD scheme and the E-SDM technique is expected to
realize efficient transmission in a multi-user MIMO system.

In the downlink multi-user MIMO systems, we need down-
link channel state information (CSI) at the BS (transmitter).
In a frequency division duplex (FDD) system, the CSI must
be fed back from MSs. In this case, the CSI at an actual
transmission instant may be outdated because of the feedback
delay. In a time division duplex (TDD) system, we can obtain
the downlink CSI from the uplink signal because channel
reciprocity holds. Even in the TDD system, we encounter
the outdated CSI when the time interval between the uplink
channel and the downlink transmission cannot be neglected.
The effect of CSI delay is a critical issue and has been reported
in the literature [13] and the references therein. Also, single-
user MIMO systems [14]–[16] and multi-user ones [17], [18]
have been investigated on the basis of measurements. We
conducted measurement campaigns for a single-user MIMO
system [19] and a multi-user one [20] in time-varying indoor
environments. On the basis of the measured channel data, we
evaluated bit-error rate (BER) performance of MIMO systems.
These data show that the outdated CSI much more significantly
affects multi-user MIMO cases than single-user ones because
MSs have fewer antennas than a BS.

To mitigate the effect of outdated CSI, channel prediction
techniques have been developed [16], [21]–[23]. One typical
scheme is a linear predictor based on an AR model, and
another uses sinusoids composed of the scattered signals.

We proposed linear and second-order channel prediction
schemes for a single-user MIMO E-SDM system that use
only two and three channel data, respectively [24]. The
computational complexity of the method is smaller than the
other schemes. Also, we applied the linear channel prediction
scheme to a multi-user MIMO E-SDM system, and examined



2

the BER performance using computer-generated data. The
simulations were done assuming the Jakes’ model, and it
was shown that the channel prediction method significantly
improves the BER performance [25]. In actual propagation
environments, however, we may have line-of-sight (LOS)
components, and scatterers are not distributed uniformly. In
the simulations, it was assumed that the antenna arrays at
the BS and MSs consist of omnidirectional antenna elements.
However, even though a single isolated antenna has an omni-
directional pattern, the antenna element in an array has a dif-
ferent one. This is due to the effect of mutual coupling among
antennas, and affects the BER performance [19], [20]. They
were ignored in the simulations. Thus, the channel prediction
method must be evaluated on the basis of measurements. We
conducted measurement campaigns at a 5.2 GHz frequency
band in indoor environments and obtained a large amount of
statistically stationary time-varying channels. Using the data,
we investigated the effect of the channel prediction scheme
and the BER performance for the multi-user MIMO E-SDM
system. The authors have reported a portion of the results in
the reference [26]. In this paper, we present in detail the effect
of the MIMO channel prediction.

The paper is organized as follows. The next section de-
scribes the multi-user MIMO system and the linear channel
prediction. Section III then presents a detailed measurement
setup for our experiment. After that, Section IV details the
behavior of channel transitions and predictions. Next, Section
V evaluates the BER of the MIMO system in time-varying
indoor channels. Finally, Section VI provides the conclusions.

II. MULTI-USER MIMO SYSTEM AND CHANNEL
PREDICTION

We briefly explain a downlink multi-user MIMO system
based on a combination of the BD scheme and the E-SDM
technique. For the sake of simplicity of explanation, we
assume a two-MS case as shown in Fig.1. We also assume
that the BS and each MS have four and two antennas,
respectively. This is the same configuration as that we used
in our measurements that will be stated later. General and
detail description of the multi-user MIMO system is given in
reference [25]. We express transmit (TX) symbols for the MS1
and MS2 as s1(t) and s2(t), respectively. Also, WTX,1 and
WTX,2 denote the TX weight matrices for the MS1 and MS2,
respectively. The received signals at the MS1 and MS2 are
given by

r1(t) = H1WTX,1s1(t) +H1WTX,2s2(t) + n1(t), (1)

r2(t) = H2WTX,2s2(t) +H2WTX,1s1(t) + n2(t), (2)

where H1 and H2 denote 2 × 4 matrices for the channels
between the BS and MS1 and those between BS and MS2,
respectively. n1(t) and n2(t) denote thermal noise at MS1
and MS2, respectively. The first terms in the equations are
the desired signals for the MSs. The second terms are the
interferences from the other user, namely IUI.

In the BD scheme, the TX weights are determined in such
a way that the MSs do not receive any IUI. The second terms

WTX,1
s1(t)

MIMO
ChannelsΣ

s2(t)

BS

WTX,2

#1

MS1

WRX,1

#2

r1(t)

#1

#1

MS2

WRX,2

#2

r2(t)

#2

#3

#4

Fig. 1. Multi-user MIMO system (Two-MS case).

in Eqs. (1) and (2) are 0. Thus, we have

H1WTX,2 = 0, H2WTX,1 = 0. (3)

The TX matrices satisfying the above equations are given by
the SVD of the channel matrices of H1 and H2. We introduce
matrices V 0

1 and V 0
2 . The columns in V 0

1 form a basis set in
the null space of H2. Similarly, the columns in V 0

2 form a
basis set in the null space of H1. V 0

1 and V 0
2 are obtained

from right-singular vectors with the singular value of 0 for
H2 and H1, respectively. In multipath-rich environments, V 0

1

and V 0
2 are 4×2 matrices. Using V 0

1 and V 0
2 , the TX weight

matrices are given by

WTX,1 = V 0
1 T1, WTX,2 = V 0

2 T2, (4)

where T1 and T2 denote 2×2 or 2×1 matrices. When T1 is
a 2×2 matrix, 2-stream transmission is done from the BS to
MS1, whereas when T1 is a 2×1 matrix (vector), a single-
stream transmission is done. This is also the case with T2. T1

and T2 can be arbitrary in the BD scheme. That is, we can
eliminate the IUI using arbitrary matrices T1 and T2. Thus,
Eqs. (1) and (2) can be rewritten as

r1(t) = H1V
0
1 T1s1(t) + n1(t) (5)

r2(t) = H2V
0
2 T2s2(t) + n2(t). (6)

The optimum T1 and T2 can be determined by the E-SDM
technique as stated in the following. We introduce the equiva-
lent single-user MIMO channel matrices Heq,1 = H1V

0
1 and

Heq,2 = H2V
0
2 . They are 2×2 matrices in multipath-rich

environments. Substituting these matrices for Eqs. (5) and (6),
we have

r1(t) = Heq,1T1s1(t) + n1(t) (7)

r2(t) = Heq,2T2s2(t) + n2(t). (8)

From the above equations, we can consider T1 and T2 as the
equivalent TX matrices for the MS1 and MS2, respectively.
Here, we introduce Veq,1 and Veq,2, which are given by the
SVD of Heq,1 and Heq,2 as follows:

Heq,1 = Ueq,1Σeq,1V
H
eq,1, Heq,2 = Ueq,2Σeq,2V

H
eq,2

(9)
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Here, Σeq,1 and Σeq,2 denote the diagonal singular value
matrices, and (·)H denotes the Hermitian matrix transpose.

Applying the E-SDM technique, the equivalent transmit
weight matrices T1 and T2 can be determined as

T1 = Veq,1

√
P1, T2 = Veq,2

√
P2, (10)

where P1 and P2 are the diagonal transmit power matrices
for the MS1 and MS2, respectively. The diagonal element is
the transmit power corresponding to the stream.

From Eqs. (4) and (10), the TX weight matrices are given
by

WTX,1 = V 0
1 Veq,1

√
P1, WTX,2 = V 0

2 Veq,2

√
P2. (11)

The optimum number of the streams, modulation schemes,
and power allocation are determined in such a way that the
Chernoff upper bound of BER has the lowest value [10].

At the MSs, to demultiplex the received signals, we use
weight matrices WRX,1 and WRX,2, which realize the max-
imal ratio combining (MRC) or spatial filtering on the basis
of the minimum mean square error (MMSE) criterion. This is
the concept of the multi-user MIMO E-SDM scheme.

The TX weight matrices given by Eq. (11) do not interfere
with the other MS, and we do not have interference between
streams. That is, we have neither IUI nor IStI. Also, the
resources can be allocated optimally. However, in time-varying
environments, the channel matrices are a function of time. The
channels at the actual transmission time differ from those used
to determine the TX weight and allocate the resources. The
outdated CSI does not guarantee Eq. (3) and causes IUI. Also,
we have interference between streams, and the resources may
not be optimally allocated any more. In the remainder of this
paper, we assume that the MSs have perfect CSI, and that the
RX weight matrices WRX,1 and WRX,2 are determined by
the MMSE criterion. Thus, when the BS uses single-stream
transmission for each MS, the MS receivers can cancel the
IUI for the two-MS case shown in Fig.1. However, when
multi-stream transmission is used, the interference cannot be
suppressed at the MS sides and system performance can be
seriously degraded.

Now, we describe the channel prediction scheme [25]. In
this paper, we assume a TDD system such as HIPERLAN/2
[27]. Also in 3GPP LTE and mobile WiMAX, TDD systems
are standardized in addition to FDD ones [28], [29]. The
channel is predicted by linear extrapolation as shown in Fig.2.
Uplink and downlink signals are transmitted with a period of
Tf , which is the frame duration in the TDD system. The BS
estimates the channels for the MSs using uplink ACK packets,
and sends downlink (DL) packets using the multi-user MIMO
E-SDM scheme. We assume that the ACK and DL packets
are so short that we can neglect the channel change in the
packet duration.In the prediction method, we first estimate the
channel using the last two successive uplink ACK packets. The
channel is linearly extrapolated to the actual DL transmission
time as shown in Fig.2, and the predicted value is given by

ĥij,k(t2 + τ) = hij,k(t2) + τ(hij,k(t2)− hij,k(t1))/Tf , (12)

where τ is the time interval between the transmit weight matrix
determination and the actual downlink packet transmission,

)( 1thij,k

fT τ

Linear extrapolation

ACK DL
Packet

DL
Packet

ACK
. . . . . . . . . . . . . . . . . . . . . . . . . .

)( 2thij,k

)( 2 τ+thij,k

Channel transition

(ˆ
2+thij,k τ )

Non-extrapolation

Fig. 2. Linear channel extrapolation scheme.

hij,k(t1) and hij,k(t2) are the observed channel values from
the j-th TX antenna of the BS to the i-th RX antenna of the
k-th MS at times t1 and t2, respectively.

Note that the simplest way to obtain the channel for the
downlink packet is not to extrapolate the channel but to use
hij,k(t2). We consider this to be the conventional method and
call it the “non-extrapolation” method. According to Fig.2, the
liner extrapolation method can provide more accurate channels
than the non-extrapolation one.

III. CHANNEL MEASUREMENT SETUP

The measurement campaign for the multi-user MIMO sys-
tem was carried out in a meeting room in a building of
the Graduate School of Information Science and Technology,
Hokkaido University, as shown in Fig.3. The measurement
is the same as that stated in reference [20]. A similar mea-
surement was conducted for a single-user MIMO system
at the same site [19]. The walls of the room were mostly
plasterboard. We also had reinforced concrete pillars, metal
doors, and metal whiteboard. In the room, a 4-element TX
and two 2-element RX linear arrays were placed on three
tables. The TX and RX correspond to the BS and MS stated
in the previous sections, respectively. The arrays consisted
of omnidirectional collinear antennas. The nominal gain of
these antennas on the horizontal plane was about 4 dBi. The
distances from the TX to RX1 and RX2 were 4 m, while
the spacing between RX1 and RX2 was 3 m. Channels were
measured for all the TX and the RX antenna pairs through
a vector network analyzer (VNA), as shown in Fig.4. RF
switches at both the TX and the RX sides were controlled
by a personal computer (PC) and selected a TX antenna and
an RX antenna, respectively. Measured data were then saved
on the computer. The unselected antennas were automatically
connected to 50 Ω dummy loads. The measurement band was
from 5.15 GHz to 5.40 GHz (bandwidth = 250 MHz), and
we obtained 1,601 frequency domain data with 156.25 kHz
interval. The antenna spacing (AS) was 3 cm (half-wavelength
at 5 GHz), and two array orientations along the x- and the y-
axes, called TX-x/RX-x and TX-y/RX-y, were examined as
shown in Fig.5. When there were no metal partitions between
the TX and RXs, we had a LOS environment, as shown
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Fig. 3. Measurement site (top view).
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Fig. 4. Channel measurement system.

in Fig.6(a). When there were partitions, we had a non-LOS
(NLOS) one, as shown in Fig.6(b).

On the RX side, two stepping motors were used to move the
two RX arrays along the x- or y-axis during the experiments.
These motors were controlled by a personal computer. Each
step of the motors corresponds to 0.0088 cm, and the RX
arrays were stopped at every 10 steps (equal to 0.088 cm).
The channels were measured at intervals of 0.088 cm, and
we had a total of 500 spatial measurement points. As a
result, 1,601×500 = 800,500 channel response matrices were
obtained for each case of the direction of the RX motion,
the array orientation, and the LOS/NLOS condition. The large
amount of channel data was measured to examine reliable

TX RX

#1 #2 #3 #4 #1 #2

x

y

x

y

(a) TX-x/RX-x

TX

#3
#4

RX

#1

#2

#2
#1

x

y

x

y

(b) TX-y/RX-y

Fig. 5. Array orientations.

(a) LOS environment

(b) NLOS environment

Fig. 6. Measurement environments.

BER performance. Note that the measurement campaign was
conducted while no one was in the room to ensure statistical
stationarity of propagation.

IV. TRANSITIONS AND PREDICTIONS OF CHANNEL

In this section, using the measured channel data, we in-
vestigate the behavior of channel transitions and predictions.
As stated in the previous section, the channels were measured
at intervals of 0.088 cm. That is, we obtained channels as a
function of location. We can transform them into channel data
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as a function of time with a parameter of a maximum Doppler
frequency. We assume that a mobile terminal is moving at a
constant velocity v. With a time interval ∆t, the distance ∆z
that the mobile terminal has moved is given by

∆z = v∆t. (13)

The maximum Doppler frequency fD occurring during the
mobile terminal’s motion is as follows:

fD = vfc/c = ∆z/λ∆t, (14)

where fc, c, and λ denote the carrier frequency, the speed of
light, and the wavelength, respectively.

Assuming that the time interval between the adjacent mea-
surement points ( ∆z = 0.088 cm) was 0.5 ms ( ∆t = 0.5 ms),
then from (14), we had fD = 31Hz, where the carrier frequency
was assumed to be the center of the measurement band (fc =
5.275 GHz). That is, the channel data at the measurement
points can be considered to be the data as a function of time
at intervals of 0.5 ms with fD = 31Hz.

Figs. 7 and 8 show examples of channel transitions for
conditions described in the figure captions. They are the
channel between the TX antenna #1 and RX antenna #1 for the
RX2. The amplitudes in the figurers were normalized to the
amplitude for the single-user single-input single output (SISO)
LOS measurement in an anechoic chamber, with the distance
of 4 m between the TX and RX sides. The channels are seen to
change significantly during the interval of only 1 ms or 2 ms
for fD = 31Hz. The time interval of 1 ms corresponds to the
location interval of only 0.176 cm or 0.03 wavelengths for fD
= 31Hz. That is, channels vary very rapidly in multipath-rich
environments.

Next, we consider the liner channel prediction stated in
Section II. In the remainder of this paper, we assume the frame
duration Tf of 2 ms, as in the HIPERLAN/2 standard. The
linearly extrapolated channels are also drawn in the figures.
In this case, t1 = −Tf = −2 ms and t2 = 0 ms hold. We
can see that the predicted channels track the actual ones well.
The prediction scheme improves the multi-user MIMO system
performance as will be described in the next section.

V. BER PERFORMANCE OF MULTI-USER MIMO
SYSTEMS

Using the measured channel data, we conducted simulations
of multi-user MIMO E-SDM transmission and obtained the
BER performance. In this section, we describe the effect
of the channel prediction scheme in the indoor time-varying
environments. We assumed frequency-flat fading channels.
Table I lists simulation parameters. The data rate for each MS
was fixed constantly at 4 bps/Hz (bits per symbol duration).
Because the TX had four antennas and each RX had two an-
tennas, we had either single-stream or two-stream transmission
for each RX. The modulation scheme was either 16QAM for
the single-stream transmission or QPSK for the two-stream
one. The resource control, namely determining the number of
streams, modulation scheme, and transmit power, was done in
such a way that the Chernoff upper bound of BER of each MS
had the lowest value [10]. The total transmit power per MS was
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Fig. 7. Channel transition and linear prediction (1). TX-x/RX-x, NLOS,
RX2, h11,2(t), RX motion along x-axis, fD = 31 Hz.

assumed to be equal. In this study, we focused on the effect of
the compensation for time-varying MIMO channels using the
linear extrapolation scheme. Thus, the uplink channels were
assumed to be estimated perfectly at the TX using the ACK
packets, and the effective downlink channels for the E-SDM
transmission were also assumed to be estimated perfectly at
both RXs. In addition to the above, we assumed that there is
neither an analogue circuit impairment nor a signal processing
one such as a quantization error.

Fig.9 shows the average BER performance of RX2 versus
normalized TX power for NLOS cases. The normalized TX
power is the TX power per MS normalized to the power
yielding average Es/N0 of 0 dB in the case of the single-
user SISO-LOS measurement in an anechoic chamber stated
in the previous section. Here, Es is received signal energy per
symbol, and N0 is noise power density. The BER performance
was examined for different maximum Doppler frequencies.
The ideal case in the figures shows the behavior for the
maximum Doppler frequency of 0 Hz. We do not have channel
changes in the ideal case. As indicated in Table I, all the
curves are for the delay τ of 1 ms from the ACK packet.
That is, we had a 1 ms interval between the determination
of TX parameters including the weights and the actual data
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TABLE I
SIMULATION PARAMETERS.

No. of MSs 2

No. of TX & RX antennas 4×2

Data rate for each MS 4 bits/symbol

Modulation schemes QPSK, 16QAM

Resorce control
Minimum BER criterion

based on Chernoff upper bound [10]

Data burst length 128 symbols

Frame duration (Tf ) 2 ms

Delay from ACK (τ ) 1 ms

Max. Doppler frequency (fD) 15.5, 31, 46.5 Hz

Channels
Estimated perfectly

at TX, RX1 and RX2

Thermal noise Additive white Gaussian noise

RX signal processing MMSE weight

transmission. The figures show that when we do not use the
channel prediction scheme, we have error floors the curves of
which are denoted by “Non-extrapolation”. This means that
if we use the outdated channels when the ACK packet is
received, we have poor BER performance. The travel distances
during 1 ms for fD = 15.5, 31, and 45.6 Hz correspond to
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Fig. 9. BER performance of multi-user MIMO systems for RX2 in NLOS
environments. RX motion along x-axis.

about 0.015, 0.03, and 0.045 wavelengths, respectively. Only
a fraction of channel transition significantly affects the BER
performance even though the RX weights are determined by
the MMSE criterion using the CSI without delay. On the other
hand, when we use the channel prediction scheme denoted by
“Linear-extrapolation” in the figures, the error floor disappears,
and the BER performance is improved almost to that in the
ideal case.

As stated in Section II, when the TX uses two-stream
transmission to at least one RX, the interference cannot be
suppressed because the RX has only two antennas. Table II
shows the percentage of streams for the maximum Doppler
frequency of 31 Hz and the normalized TX power of 30 dB.
Two-stream transmission to at least one RX ranges from 23
% to 31 %. This was considered to seriously degrade BER
performance when the channel prediction method was not
used.

Fig.10 shows the BER performance for LOS cases. Com-
pared to the NLOS cases shown in Fig.9, the BER without the
channel prediction largely depends on the array orientation.
The BER performance for the TX-y/RX-y is much better than
that for the TX-x/RX-x. As discussed in detail in reference
[20], this is because higher received power was obtained with
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TABLE II
PERCENTAGE OF STREAMS IN NLOS ENVIRONMENTS. RX MOTION
ALONG x-AXIS, fD = 31 HZ, NORMALIZED TX POWER OF 30 dB.

(a) TX-x/RX-x
Non-extrapolation Linear extrapolation

RX1 – 1 stream
76.4 % 76.6 %

RX2 – 1 stream

RX1 – 1 stream
12.5 % 12.3 %

RX2 – 2 streams

RX1 – 2 streams
8.4 % 8.5 %

RX2 – 1 stream

RX1 – 2 streams
2.7 % 2.6 %

RX2 – 2 streams

(b) TX-y/RX-y
Non-extrapolation Linear extrapolation

RX1 – 1 stream
69.0 % 69.5 %

RX2 – 1 stream

RX1 – 1 stream
10.9 % 10.8 %

RX2 – 2 streams

RX1 – 2 streams
14.8 % 14.7 %

RX2 – 1 stream

RX1 – 2 streams
5.3 % 5.0 %

RX2 – 2 streams

TABLE III
PERCENTAGE OF STREAMS IN LOS ENVIRONMENTS. RX MOTION ALONG

y-AXIS, fD = 31 HZ, NORMALIZED TX POWER OF 30 dB.

(a) TX-x/RX-x
Non-extrapolation Linear extrapolation

RX1 – 1 stream
76.0 % 75.8 %

RX2 – 1 stream

RX1 – 1 stream
10.6 % 10.5 %

RX2 – 2 streams

RX1 – 2 streams
10.2 % 10.5 %

RX2 – 1 stream

RX1 – 2 streams
3.2 % 3.2 %

RX2 – 2 streams

(b) TX-y/RX-y
Non-extrapolation Linear extrapolation

RX1 – 1 stream
87.1 % 86.8 %

RX2 – 1 stream

RX1 – 1 stream
8.3 % 8.6 %

RX2 – 2 streams

RX1 – 2 streams
4.3 % 4.3 %

RX2 – 1 stream

RX1 – 2 streams
0.3 % 0.3 %

RX2 – 2 streams

the TX-y/RX-y orientation due to the mutual coupling between
antennas. It is seen that when the channel prediction scheme
is used, the BER performance is improved almost to that in
the ideal case for both array orientations.

Table III shows the percentage of streams for the LOS cases.
We can see that the single-stream transmission to each RX
accounts for nearly 90 % of the MIMO communicatons in the
LOS TX-y/RX-y case. That is, the single-stream transmission
was dominant in this condition. Also, the percentage of the
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Fig. 10. BER performance of multi-user MIMO systems for RX2 in LOS
environments. RX motion along y-axis.

two-stream transmission to both RXs is 0.3 % in this case,
which is a much lower value than those in the other cases.
It is conjectured that these resource allocations reduced the
degradation due to the interference and improved the BER
performance.

The maximum Doppler frequencies of 15.5 Hz, 31 Hz, and
46.5 Hz correspond to the velocities of 0.88 m/s, 1.76 m/s,
and 2.64 m/s for the center of the measurement band of 5.275
GHz, respectively. These values are walking velocities, which
are reasonable in indoor environments. As stated previously,
we assumed that τ is 1 ms, which is also reasonable for a
TDD system such as HIPERLAN/2 standard. Thus, we can
say that the linear channel prediction scheme is effective for
the TDD system in indoor environments. For faster fading
in outdoor environments, we will need more sophisticated
channel prediction schemes.

VI. CONCLUSIONS

We have investigated the channel prediction scheme for
the multi-user MIMO system using the measured channel
data. The measurement campaign was carried out at the 5.2
GHz frequency band in indoor environments. The channel
changes significantly with only a fraction of transitions such as
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0.03 wavelengths, and the small channel transition seriously
degrades BER performance. In the LOS case, the behavior
depends on the array orientation due to the effect of mutual
coupling. We have shown that the channel prediction based
on the simple linear extrapolation can track the actual channel
and that the BER performance is improved in all scenarios
almost to that in the ideal time invariant case.

In this paper, we assumed perfect channel estimation at both
of the TX and RX sides. Erroneous channel prediction due
to the channel estimation error at the TX will increase IUI
and IStI, and will degrade the resource control. The channel
estimation error at the RX causes erroneous RX weight
determination. Considerations on the performance degradation
due to the channel estimation error are our future work.
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