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SUMMARY In multi user multiple input multiple output systems, spa-
tial precoding is typically employed as an interference cancellation tech-
nique. This technique, however, requires accurate channel state informa-
tion at the transmitter and limits the mobility of the mobile station (MS). In-
stead of spatial precoding, this letter implements collaborative interference
cancellation (CIC) for interference suppression. In CIC, neighboring MSs
share their received signals without decoding and equivalently increase the
number of received antennas. The performance is evaluated through a field
experiment using a vehicle that is equipped with seven MSs and moves
around an urban area.
key words: collaborative interference cancellation, field experiments, MU-
MIMO, spatial multiplexing

1. Introduction

Considering its potential to improve the spectral effi-
ciency, multi-user multiple-input multiple-output (MU-
MIMO) systems have been attracted many researchers in
wireless communication areas [1], [2]. Through MU-
MIMO, the advantages of MIMO systems can be preserved
even when the number of received antennas in the mobile
station (MS) is limited. Owing to the distance between the
MSs, MU-MIMO ensures that the channel correlation is rel-
atively low and preserves the spatial multiplexing gain [3].

To mitigate inter-user interference, MU-MIMO typi-
cally employs spatial precoding techniques such as those in
[4] and [5]. These techniques, however, require accurate
downlink channel state information (CSI) at the transmit-
ter. Unfortunately, accurate CSI is hard to obtain, especially
when the MSs have a relatively high velocity [6]. There-
fore, MU-MIMO with spatial precoding techniques primar-
ily considers low-mobility scenarios [7]–[10].

Instead of spatial precoding, the interference cancella-
tion capability of the MS can be improved by sharing re-
ceived signals to virtually increase the number of received
antennas. In this letter, we label this technique collaborative
interference cancellation (CIC) [11]. This technique does
not require accurate CSI at the transmitter and is suitable for
high user density and high mobility environments such as
when the users are on trains and busses.

The performance of CIC in an actual environment,
however, depends on several factors. Unlike the theoreti-
cal scenario which mostly consider i.i.d. Rayleigh fading,
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actual environments experiencing channel shadowing and
channel correlation between MSs. In the signal processing
at the MSs, the differences at the MS sampling time, fre-
quency offset, and signal to noise ratio might also effect the
CIC performance. In addition, the reliability of the interuser
links in a mobile environment, also need to be confirmed.

Therefore, we conduct this field experiment to confirm
the effectiveness of MU-MIMO with CIC in an actual envi-
ronment. In our field experiment, a BS with multiple trans-
mit antennas is employed to serve several active MSs. These
active MSs are located in a car that moves at a certain speed.
In addition to the four active MSs, other MSs are also avail-
able in the car and can be used in CIC. Therefore, the num-
ber of collaborating MSs is larger than or equal to that of the
active MSs. These collaborating MSs then conduct CIC by
sharing their received signals through short range wireless
communication links. Afterward, the maximum likelihood
detection (MLD) and minimum mean square error (MMSE)
are used as the detection algorithms for obtaining the trans-
mitted data.

At the cost of higher computational complexity, MLD
will outperform MMSE in terms of bit error rate (BER) per-
formance. It should be noted, however, the number of avail-
able MSs in trains or busses will most likely be higher than
that of active MSs. In that sense, we can increase the number
of collaborating MSs to be greater than the number of active
MSs and employ a simple linear detection algorithm such
as MMSE. The large number of collaborating users can also
be exploited to combat non ideal condition which occurs in
the actual environment, e.g. the channel correlation among
MSs.

Part of this work had been presented in [12]–[14]. In
this letter, more complete results and analysis are given.
The performance comparison of MLD and MMSE for MU-
MIMO with CIC in actual environments is presented for the
case of equal theoretical diversity order. Another result on
the reliability of the interuser links is also plotted. The re-
ceived power and the BER vs. packet index for all MSs are
shown. In addition, a more complete cumulative distribu-
tion function (CDF) of the BER is given. Furthermore, the
effect of the moving speed is also described.

2. MU-MIMO with CIC

Figure 1 shows the system model considered in the field
experiment. A BS with M transmit antennas serves L ac-
tive MSs out of N collaborating MSs. The transmission be-
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Fig. 1 MU-MIMO with collaborative interference cancellation.

tween BS and MSs occupies the same frequency and time
resources to create an MU-MIMO scenario. In this letter,
we consider the case where L = M and each MS is equipped
with one receive antenna.

First, M transmit antennas in the BS transmit M in-
dependent streams. In this experiment, the raw BER perfor-
mance, that is, the BER performance for the case of no chan-
nel code is employed, is investigated. On the receiver side,
N MSs conduct CIC by sharing their received signals and
equivalently increase the number of their received antennas.
Let y = [y1y2 . . . yN]T where yn is the received signal for nth
MS. The received signals for N collaborating MSs can be
written as

y = Hx + n (1)

where H ∈ CN×M is an N × M matrix of a wireless channel,
x is an M×1 vector of transmitted symbols, and n is an N×1
vector of noise.

In this field experiment, the performance of MU-
MIMO with CIC is observed for both MLD and MMSE al-
gorithms. By using MLD, the vector of transmitted symbols
can be obtained by

x̂ = argmin
x∈X

∥y − Hx∥2 (2)

whereX is the set of all possible vectors of transmitted sym-
bols. For the case of MMSE, x̂ are obtained by exploiting
the correlation of the received signals as

x̂ = HHR−1
yy y (3)

where (.)H is the Hermitian transpose of (.) and Ryy is the
correlation matrix of the received signal vector including the
data and the cyclic redundancy check (CRC).

3. Experiment Setup

Table 1 shows the parameters used in this experiment. Fig-
ure 2(a) shows signal generators that generate four quadra-
ture phase shift keying (QPSK) signals at a symbol rate of
312.5 k symbols/s. These QPSK signals are then sent to
four antennas in the BS. The height of the BS is 25.5 m.
In the BS, the antennas are installed in perpendicular posi-
tions, as shown in Fig. 2(b). From the BS, packet signals

Table 1 Experiment parameters.

System Parameters Values
Number of antennas of BS 4
Number of antennas of MS 1
Number of active MSs 4
Number of collaborating MSs 4, 7
Frame length 50 ms
Carrier frequency 5.11 GHz
Symbol rate 312.5 k symbols/s
Modulation QPSK
BS Parameters Values
Transmit filter Square Root Nyquist

(roll-off factor=0.4)
Antenna hight 25.5 m
Antenna gain 5 dBi
MS Parameters Values
Antenna gain 3 dBi
ADC resolution 14 bits
Packet Configuration Values
Synchronization word 15 BPSK symbols
Training sequence 16 BPSK symbols
Control 15 QPSK symbols
Data + CRC 80 QPSK symbols

Fig. 2 Transmitter setup.

are broadcasted to the MSs. Each of these packets contains
15 binary phase shift keying (BPSK) symbols of synchro-
nization word, 16 BPSK symbols of training sequence, 15
QPSK symbols for control, and 80 QPSK symbols of data,
including the CRC.

The BS in this experiment is located at a building in
Kyoto University. The MSs are installed inside a car that
moves along the route shown in Fig. 3. The route can be
divided into two parts. In part A, the speed of the car is
about 15 km/hour, and in part B, the speed of the car is
about 45 km/hour. Inside the car, seven universal software
radio peripherals (USRPs) are used to represent the MSs.
Each USRP in Fig. 4(a) uses 3 dBi antenna gains. Inside the
USRP, an analog to digital converter (ADC) with 14 bit res-
olution is used. The position of each MS can be seen in
Fig. 4(b). To conduct a signal exchange, WiFi connections
with IEEE 802.11n in the 5 GHz band are used as inter-
MS communications. Each MS broadcasts its quantized-
received-signal to the other MSs in a dedicated time slot by
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Fig. 3 Experiment route.

Fig. 4 MS setup.

using User Datagram Protocol (UDP). For each I and Q part,
8 bits quantization is used.

4. Experiment Results

The results obtained through our field experiment can be
seen in Figs. 5–8. In Figs. 5–7, packet index from 1 to 1700
corresponds to the part A of the route, while packet index
from 1701 to 2800 corresponds to the part B of the route.
Figure 5 shows the number of signals successfully shared to
MS1 for each packet of transmitted data. The average num-
bers of signals successfully shared to MS2, MS3, and MS4
are also shown. From this figure, we can observe that the
interuser links for signal information exchange are mostly
successful and very reliable.

In Fig. 6, the received power of the transmitted signals
of the BS at MS1 is shown. The average power at MS1
is −95 dBm. The median of the received power at all active
MSs is also shown. From the figure, it can be seen that all of
the MSs have similar received powers. This similar received
power, together with an equal number of received signals
from the other MSs, results in a similar BER performance
of all MSs for all packets, as shown in Fig. 7. In this figure,
the black-dashed line is the BER for the case of 4× 4 MLD,
while the red line is the BER for the case of 4 × 7 MMSE.

Fig. 5 Number of shared signals at MS1.

Fig. 6 Received power measured at MS1.

Next, the CDF of the BER of MU-MIMO with CIC
is shown in Fig. 8 for the case of N = 4 using MLD and
for the case of N = 7 using both MLD and MMSE. In the
CDF graph, the instantaneous BER is calculated for every
10 packets of data. As shown in the figure, the BER perfor-
mance at the part A is better than the BER performance at
the part B. This circumstance occurs as the received power
in the part A is larger than that of part B due to the difference
on the geographical topology. In addition, the average speed
in the part B is higher, causing the channel response fluctu-
ates faster. In addition, it can be seen from the figure that
at the cost of higher complexity, MLD obtains better per-
formance compared to that of MMSE when an equal value
of N is used. However, it can also be seen that by having
more array gain, 4 × 7 MMSE performs better than 4 × 4
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Fig. 7 BER in each packet transmission.

Fig. 8 CDF of BER of MU-MIMO with CIC.

MLD although these scenarios have a similar theoretical di-
versity. This better performance is obtained for both cases
of average speed.

5. Conclusion

This letter presented field experiment results of MU-MIMO
communications which employ CIC as the interference can-
cellation method. In CIC, collaborating MSs share their re-
ceived signals and increase the number of their received an-
tennas. Our field experiments show that in the actual envi-
ronment, MU-MIMO with CIC is applicable, despite of the
moving nature of the group mobility. As accurate CSI at the
transmitter is not required, CIC could become a potential
approach for MU-MIMO communications in group mobil-
ity scenarios. In addition, it is also shown that in this field
experiment, a higher number of collaborating users with
MMSE has better performance compared to that of smaller
number of collaborating users with MLD even when the the-
oretical diversity order is equal.
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