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ABSTRACT This paper proposes a performance enhancement scheme using a coordinated multi-point
(CoMP) with spatial phase coding (SPC) based on multiple-input-multiple-output orthogonal
frequency-division multiplexing (MIMO-OFDM) in a heterogeneous network (HetNet) system. In the
conventional system, the performance of the mobile terminal (MT) is degraded due to the inter-cell
interference (ICI). When the MT is located on the cell edge, the performance and quality of service (QoS)
of the MT are attenuated due to the interference caused by the signal transmitted from the adjacent
base station (BS) or the signal broadcasted by other MTs. In order to increase the reliability of the MT,
the proposed scheme uses a pre-coding and the CoMP scheme in HetNet. The proposed scheme can
increase the signal-to-noise ratio (SNR) of the MT through the SPC scheme in the transmitter. Therefore,
the proposed scheme can mitigate the performance degradation caused by the ICI and can enhance the
reliability of the MT. The simulation results show that the proposed scheme has better bit error rate (BER)
performance and has higher throughput than the conventional scheme. Therefore, the proposed scheme
enhances the performance of the MT by using SPC with CoMP.

INDEX TERMS HetNet, cell edge, ICI, pre-coding, SPC, CoMP, MIMO-OFDM, performance enhance-
ment.

I. INTRODUCTION
Recently, wireless communication technology has been
evolved rapidly in order to satisfy the needs of users and
to handle the increasing data traffic [1]. In this environ-
ment, a rapidly changing wireless communication system
requires high frequency efficiency and high reliability. To
satisfy such demands of the next generation mobile com-
munication, current mobile communication system adopts an
orthogonal frequency divisionmultiplexing (OFDM) [2]. The
OFDM scheme has many advantages such as high-speed data
transmission capability based on high bandwidth efficiency
and robustness against the frequency selective fading due to
the multi-path fading [3]. OFDM is also easy to simulate
digital signal processing in the transmitter and receiver using
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an inverse fast Fourier transform & fast Fourier transform
(IFFT & FFT) algorithm [4]. For these reasons, OFDM is
widely regarded as a powerful transmission method for wire-
less communication system. However, if the orthogonality
between orthogonal signals is not achieved due to the various
factors such asmulti-path fading and delay spreading, an arbi-
trary frequency offset occurs between the signals and the
frequency offset causes an inter symbol interference, so the
performance of the mobile terminal (MT) is degraded [5].
Furthermore, when the MT is located on the cell edge,
the performance of the MT is attenuated due to the inter cell
interference (ICI) caused by the signal transmitted from the
adjacent base station (BS) or the signal broadcasted by other
MTs.

To enhance the performance of the MT and satisfy the
needs of users, a small cell technology has emerged as a new
technology for mitigating the interference and handling the
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explosive data traffic demands. By increasing the number
of cells, the traffic per unit area can be increased without
increasing the amount of traffic that must be supported per
cell. However, as the number of the small cells increases,
the ICI is increased due to the decrease of distance between
adjacent small cells in user equipment of the cell bound-
ary [6]. So, it is important to reduce the ICI in small cell
technology.

Small cell technology is divided into the homogeneous
and heterogeneous network (HetNet). Small cells in homo-
geneous network have a cell densification effect serving the
service area divided into the multiple cells [7]. However,
in the populated area, very large traffic is generated par-
tially. Therefore, it is hard to limit and reduce the size of
the macro cell to cope with the hot spot area. To overcome
the disadvantages of the homogeneous network, HetNet has
emerged. Small cells in HetNet are placed in the macro cell
to increase the network capacity economically. However, it is
important to synchronize the multi-cell system in practice
since it is difficult to achieve a synchronization in HetNet.
If the synchronization is not matched in multi-cell system,
the performance of the MT is seriously degraded. Therefore,
the offset of the received signals from BSs should be cor-
rectly estimated and corrected. So, the offset estimation of the
transmitted signal is important. To solve the synchronization
problem, many offset estimation schemes for MIMO-OFDM
based multi-cell system exist [8]–[11].

A variety of small cell deployment scenarios were pro-
posed in the HetNet and the small cell deployment scenarios
considered at the 3rd generation partnership project (3GPP)
can be roughly divided into four types [12]. Among four
types, this paper considers the first scenario. In the first
scenario, the small cells are placed so as to overlap the macro
cell network. At this time, it is assumed that the macro cell
and the small cells use the same frequency band, so the
interference that the small cell experiences from the macro
cell in downlink is very large. Such interference can cause
the communication problems for the cell edge user. When the
MT is located on the cell center which does not sensitive to
the interference, highly reliable communication is possible.
However, when the MT is located on the cell edge, a signal
transmitted from the adjacent BS or other MTs acts as an
interference signal to theMT. So, the communication reliabil-
ity is reduced [13], [14]. Therefore, it is important to satisfy
the quality of service (QoS) of users. In order to increase
the communication quality, 3GPP standardized coordinated
multi-point (CoMP) in release 11.

CoMP is one of the technologies that enable inter cell
communication between different BSs in HetNet so that other
cells can communicate with the same MT [15]–[17]. The
CoMP scheme can increase the signal-to-noise ratio (SNR) of
the MT, reduce the interference and enhance the throughput.
In CoMP scheme, the MT can transmit the feedback infor-
mation (including the position of MT, channel state infor-
mation (CSI) and etc.) to all BSs in adjacent cells. Then,
the BSs can apply the pre-coding scheme to the signals to

be transmitted by using the feedback information. As a result,
the proposed scheme can enhance the performance of theMT.

The pre-coding scheme used in this paper is spatial phase
coding (SPC). The SPC scheme changes the channel rela-
tionship between the BS and MT by using the CSI. Then,
the channel coefficient is increased by constructive superposi-
tion. In addition, the SPC scheme can change the relationship
of the channel to destructive superposition. In other words,
SPC scheme can increase the reliability of the desired signal
by increasing the channel coefficient of the desired signal
constructively and reduce the influence of the interference
signal by decreasing the channel coefficient of the interfer-
ence signal destructively. So, the performance of the MT is
enhanced.

Actually, it is difficult to obtain the CSI in a practical
system. Therefore, many papers have been proposed in the
assumption that the CSI can be perfectly known [18]–[21].
However, in simulation results, this paper additionally simu-
lates in a practical environment that the CSI is not perfectly
known.

In multi-cell environment, when the MT is located on
the cell edge in each adjacent cells connected with the
backhaul network, it can be regarded as a virtual MIMO
system [22]. MIMO system uses multiple antennas in both
transmitter and receiver and offers tremendous performance
gains without additional bandwidth or transmit power. The
MIMO system has two important MIMO gains. First one
is a diversity gain which increases the transmission reli-
ability and the other one is a multiplexing gain which
increases the data rate. It is important to achieve these
gains in the design of the transmitter and receiver. In
MIMO-OFDM system, the desired signal can be detected
by using the MIMO technique in HetNet system. Detection
algorithms for MIMO-OFDM are such as zero-forcing (ZF),
minimum mean square error (MMSE), successive interfer-
ence cancelation (SIC), maximum likelihood (ML), deci-
sion feedback equalizer (DFE), depth-first sphere decoding
(DFSD), QR-decomposition with M-algorithm (QRDM) and
etc. [23]–[26]. Among these detection algorithms, this paper
uses MMSE detection scheme.

This paper uses SPC with CoMP based on MIMO-OFDM
in HetNet and has novelty in three major aspects. First,
multi-cell communication system in HetNet for performance
enhancement of the MT is proposed. Conventional SPC
scheme is usually based on the cooperative communication.
Typically, Seung-Jun’s method used the SPC scheme with the
space-time block code (STBC) in the cooperative wireless
relaying system [27]. Also, many other papers are used in
cooperative communication [28], [29]. However, the SPC
scheme based on this cooperative communication has a great
disadvantage. In the case of the interference mitigation tech-
nique using a relay, an error propagation phenomenon is
occurred. Errors occurring in the signal processing process
of the relay are transmitted to the MT. The error propa-
gation degrades the reliability and throughput of the wire-
less communication system. Furthermore, there is a problem
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FIGURE 1. Nt × Nr MIMO-OFDM block diagram of the proposed scheme.

of reliability reduction which occurs when an appropriate
relay is not selected. That is, a very complex relay selec-
tion technique is indispensable for selecting suitable relay.
Second, this paper proposes SPC scheme for MIMO-OFDM
that conventional papers did not deal with. Conventional
papers apply SPC scheme based on multiple-input single-
output OFDM (MISO-OFDM) [13], [30]. In these schemes,
the influence of the interference is increased by the signal
transmitted from the other BS and the performance of the MT
is degraded. That is, a large capacity and high data rate can be
achieved without increasing frequency bandwidth and trans-
mission power by obtaining a multiplexing gain that cannot
be obtained by MISO-OFDM. Finally, this paper considers
not only the signal that the MT wishes to receive but also the
interference signal sent from the adjacent BS. Shin proposed
a constructive SPC scheme to improve the desired signal
only [31]. However, this paper also considers the signals sent
from adjacent BS using the destructive SPC to mitigate the
interference. Therefore, this paper is more innovative than the
conventional paper.

As a result, the proposed scheme uses the SPC and CoMP
scheme to enhance the performance of the MT based on
MIMO-OFDM in HetNet System.

This paper is organized as follows. Section 2 explains the
MIMO-OFDM system model. Section 3 shows the system
model of the conventional scheme. Section 4 describes the
system model of the proposed scheme. Section 5 shows the
simulation results. Finally, section 6 concludes this paper.

II. SYSTEM MODEL
Fig. 1 shows the Nt × Nr MIMO-OFDM block diagram
of the proposed scheme. This figure shows how the signal
of the proposed scheme is transmitted. In the transmitter,
the input data is first switched from serial to parallel con-
version and is converted to a symbol through a modulation.
Then, the symbol is pre-coded with the pre-coding vector
which is a feedback information obtained by the CSI in the
receiver to modify the channel coefficient of the signal. In
other words, the feedback information is calculated by the
CSI and transmitted into the transmitter. After this process,
the revised symbols are inserted into the each sub-carriers of

the OFDM symbols through IFFT and the OFDM symbols
are transmitted with added CP. The transmitted OFDM sym-
bols are passed through a multi-path fading channel. In the
receiver, the noise is added in the OFDM symbols. After the
interleaved OFDM (IOFDM) process, the signal is detected.
In the IOFDM process, the feedback information obtained
by the CSI is transmitted to the transmitter. Finally, after the
demodulation process, output data can be obtained.

The received signal of Nt × Nr MIMO-OFDM system is
as follows,

Y = HX+ N, (1)

H =


H11 H12 · · · H1Nt
H21 H22 · · · H2Nt
...

...
. . .

...

HNr1 HNr2 · · · HNrNt

 , (2)

where the Y =
[
Y1 Y2 · · · YNr

]T denotes Nr × 1 received
symbols vector. X =

[
X1 X2 · · · XNt

]T denotes Nt × 1
transmit symbols vector which is normalized the power
to 1. N =

[
N1 N2 · · · NNr

]T denotes Nr × 1 zero-mean
complex additive white Gaussian noise (AWGN) vector. H
denotes Nt × Nr complex channel matrix. The element Hij(i
= 1, 2, . . . ,Nr , j= 1, 2, . . . ,Nt ) denotes channel coefficient
from the j-th transmit antenna to the i-th receive antenna.
The channel coefficient Hij is independent and identically
distributed (i.i.d) random variables.

When the ZF scheme is used to detect the desired signal,
the received symbol vector Y is multiplied with the filter
matrix GZF . GZF is a Moore-Penrose pseudo-inverse of the
channel matrix H . The filter matrix GZF and estimated trans-
mit symbol vector X̂ZF are as follows,

GZF = H+ =
(
HHH

)−1
HH , (3)

X̂ZF = GZFY = (HHH)−1HH (HX+ N)

= (HHH)−1(HHH)X+ GZFN
= X+ GZFN, (4)

where the (·)+ denotes a complex conjugate transpose and
H denotes a Hermitian operator. ZF scheme is a technique
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FIGURE 2. Conventional system model.

for estimating the transmitted symbol by multiplying the
received symbol with the pseudo-inverse of the channel
matrix [23]. In other words, ZF means that the mutual inter-
ference between the signals would be perfectly removed.
However, ZF scheme amplifies the noise in the process of
multiplying the filter matrix GZF . To solve this problem,
MMSE scheme is used in this paper. In order to prevent the
noise amplification, which is a disadvantage of ZF scheme,
the MMSE scheme considering the deviation of the noise in
the filter matrix GMMSE is as follows,

H̄ =
[

H
σnINt

]
, (5)

Ȳ =
[

Y
0Nt1

]
, (6)

GMMSE =
(
H̄H H̄

)−1
H̄H , (7)

X̂MMSE = GMMSE Ȳ =(H̄H H̄)
−1

H̄H (H̄X+ N)

= (H̄H H̄)
−1

(H̄H H̄)X+ GMMSEN

= X+ GMMSEN, (8)

where the σn denotes a deviation of the AWGN, INt denotes
an identity matrix and 0 denotes the Nt × 1 zero vector.
The process of calculating the channel matrix and estimating
the transmitted signal is similar to ZF. However, MMSE
scheme prevents the amplification of the noise and has better
performance than ZF. So, this paper uses theMMSE detection
scheme.

III. CONVENTIONAL SCHEME
In this section, the conventional system model is described.
Fig. 2 shows the system model of the conventional scheme.
This system consists of two femto cells. The M denotes a
MT which has two receiving antennas. H11,H12,H21 and
H22 denote the channel coefficients of desired signal X1
on the first and second transmit antennas of femto cell 1.
H13,H14,H23 and H24 denote the channel coefficients of
interference signal X2 on the first and second transmit anten-
nas of femto cell 2 and the signal X2 is regarded as an inter-
ference to the MT. In Fig. 2, when the MT is located on the

cell edge of the serving cell (femto cell 1), the performance of
the MT is significantly degraded due to the path loss and the
interference of the signal broadcasted by another BS in the
adjacent cell (femto cell 2). A signal transmitted on the BS in
femto cell 1 indicates a signal that the MT wants to receive.
But, the signal transmitted on the femto cell 2 indicates
an interference signal. In conventional system, the received
signal Y 1 is as follows,

Y1 = H1X1 + N1, (9)

H1 =

[
H11 + H12 H13 + H14
H21 + H22 H23 + H24

]
, (10)

where the Y1 = [ Y1 Y2 ]T denotes a received symbols vec-
tor, X1 = [X1 X2 ]T denotes a transmit symbols vector and
the noise N1 = [N1 N2 ]T denotes an AWGN. H1 denotes a
channel matrix of superimposed channel coefficient. When
the MMSE detection scheme is used, the desired signal is
detected by using the filter matrix GMMSE of the channel
matrix H1 and received signal Y1. The estimated transmit
symbol vector is as follows,

X̂1 = GMMSE Ȳ1=(H̄H
1 H̄1)

−1
H̄H
1 (H̄1X1 + N1)

= (H̄H
1 H̄1)

−1
(H̄H

1 H̄1)X1 + GMMSEN1

= X1 + GMMSEN1. (11)

IV. PROPOSED SCHEME
This section describes the proposed system model.
Fig. 3 shows the system model of the proposed scheme. In
the proposed systemmodel, the CoMP scheme is additionally
applied in the conventional system model to enhance the
performance of the desired signal. So, the cooperative signal
in the BS of the macro cell can be transmitted to the MT.
H11,H12,H21 and H22 denote channel coefficients of the
desired signal X1. H13,H14,H23 and H24 denote channel
coefficients of the cooperative signal X1. H15,H16,H25 and
H26 denote channel coefficients of the interference signal X2.
In proposed system model, the proposed scheme can fur-

ther enhance the performance of the MT by using SPC
scheme.

A. SPATIAL PHASE CODING
The SPC scheme improves the SNR of the desired signal
by modifying the channel coefficient using the pre-coding
vector. A fundamental principle of the SPC is to obtain a
constructive superposition of the same transmit signal from
the different transmit antennas in the receiver, and it uses
only one superimposed channel [30]. SPC can be divided into
two types generally, depending on the relative angle of the
channel. One is 1-bit SPC which adjusts the relative angle of
two channels based on the 180 degrees, and the other one is 2-
bit SPC which adjusts the relative angle based on 90 degrees.
The pre-coding vectors of 1-bit constructive and destructive
SPC are as follows,

Pc1 =
{

1,
∣∣αk ∣∣ ≤ π/2 (State 1)

e−jπ , π/2 <
∣∣αk ∣∣ ≤ π (State 2)

}
(12)
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FIGURE 3. Proposed system model.

Pd1 =
{
e−jπ ,

∣∣αk ∣∣ ≤ π/2 (State 1)
1, π/2 <

∣∣αk ∣∣ ≤ π (State 2)

}
(13)

where the c and d denote the constructive and destructive
SPC and the (·)1 denotes an 1-bit SPC. The α denotes a
relative angle between two different signals and the k denotes
a sub-carrier index and the P denotes a pre-coding vector.
In 1-bit SPC, the states are divided into two parts according
to the relative angle and the phase of the channel is flipped
depending on the state. 1-bit constructive SPC can increase
the SNR of the desired signal by increasing the magnitude of
the superimposed channel coefficient through the pre-coding
vector Pc1. However, 1-bit destructive SPC can reduce the
magnitude of the interference signal by decreasing the size of
the superimposed channel coefficient through the pre-coding
vector Pd1 [32]. The pre-coding vectors of 2-bit constructive
and destructive SPC are as follows,

Pc2 =


1,

∣∣αk ∣∣ ≤ π/4 (State 1)
e−jπ , 3π/4 <

∣∣αk ∣∣ ≤ 5π/4 (State 2)
e−j

π
2 , π/4 <

∣∣αk ∣∣ ≤ 3π/4 (State 3)
ej
π
2 , 5π/4 <

∣∣αk ∣∣ ≤ 7π/4 (State 4)

 (14)

Pd2 =


e−jπ ,

∣∣αk ∣∣ ≤ π/4 (State 1)
1, 3π/4 <

∣∣αk ∣∣ ≤ 5π/4 (State 2)
ej
π
2 , π/4 <

∣∣αk ∣∣ ≤ 3π/4 (State 3)
e−j

π
2 , 5π/4 <

∣∣αk ∣∣ ≤ 7π/4 (State 4)

 (15)

where the (·)2 denotes a 2-bit SPC and α, k and P are equal
to 1-bit SPC. However, in 2-bit SPC, the states are divided
into four parts according to the relative angle. Since the

FIGURE 4. CSI feedback mechanism.

pre-coding vector can be obtained by subdividing the state
more specifically, the performance of 2-bit SPC is better than
1-bit SPC.

Fig. 4. describes the CSI feedback mechanism. When the
first signal is transmitted from the BS to the MT, the MT
does not know what signal is transmitted. Also, since there
is no information on the signal, pre-coding can not be per-
formed in the serving cell BS. Therefore, the BS of the
serving cell first transmits a pilot signal to the MT and the
receiver receives the pilot signal to perform channel esti-
mation. After the channel estimation, the CSI is feedbacked
to the BS and the pre-coding vector is multiplied with the
transmission signal. Therefore, the CSI can be transmitted
to the BS and pre-coding can be accurately performed in the
transmitter.

Fig. 5 shows the process of the SPC. First, theMT transmits
the CSI to the BSs which are transmitted the signal. Then,
adjacent BSs share the CSI. And then, the phase relationship
between two signals is observed and divided into several
parts by comparing the relative angle αk and the threshold
degrees Td . The Td is determined by the number of the bits.
Thereafter, the pre-coding vector is determined according to
whether it is the desired signal or the interference signal.
If the interference signal is an acute angle, the phase is
flipped to reduce the magnitude of the superimposed channel
coefficient of interference signal. Also, if the desired signal is
an obtuse angle, the phase is flipped to increase themagnitude
of the superimposed channel coefficient of desired signal.
Finally, the transmit signal multiplied by the pre-coding vec-
tor is transmitted to the receiver.

Fig. 6 describes constructive and destructive SPC. H k
1

and H k
2 denote the channel coefficient of the desired and

cooperative signal. (·)1 and (·)2 are the index of the channel
coefficient. (·)T denotes the superimposed channel coeffi-
cient of two channels. In Fig. 6-(a), the superimposed channel
coefficient H k

T is obtained by the desired signal H k
1 and the

cooperative signal H k
2 . As a result, H k

T is larger than the
original channel coefficientH k

1 . On the other hand, the super-
imposed channel coefficient H k

T is smaller than the original
channel coefficient H k

1 in Fig. 6-(b).
Fig. 7 and 8 describe phase flipped 1-bit and 2-bit construc-

tive and destructive SPC. If relative angle of the two channels
are obtuse angle, the 1-bit constructive SPC modifies the
angle by flipping the phase 180 degrees to increase the super-
imposed channel coefficient. However, if the relative angle
is acute angle, the 1-bit destructive SPC modifies the angle
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FIGURE 5. The flow chart of SPC.

FIGURE 6. Constructive and destructive SPC. (a) Constructive SPC.
(b) Destructive SPC.

FIGURE 7. 1-bit constructive and destructive SPC (Phase flipping).
(a) 1-bit constructive SPC. (b) 1-bit destructive SPC.

to make a small superimposed channel coefficient. Similarly,
the 2-bit SPC adjusts the phase based on 90 degrees.

SPC scheme increases the reliability of the desired signal
by increasing the channel coefficient of the desired signal
and reduces the influence of the interference by reducing
the channel coefficient of the interference signal. Therefore,
the performance and throughput of the MT are enhanced.

In case of constructive 2-bit SPC, if the phase of desired
and interference signal is different but the magnitude is
same, the magnitude of the superimposed channel coefficient
increases when the two signals are acute angle. However,
when desired and interference signal are destructive, in order

FIGURE 8. 2-bit constructive and destructive spc (Phase flipping). (a) 2-bit
constructive SPC. (b) 2-bit destructive SPC.

FIGURE 9. Increase of superimposed channel coefficient for 2-bit
destructive SPC.

words, relative angle of the two signals is obtuse angle,
the magnitude of the superimposed channel coefficient is
decreased. However, as shown in Fig. 9, the relative angle
from 90 degrees to 120 degrees increases the magnitude of
the superimposed channel coefficient even if it is an obtuse
angle. The α1 denotes a relative angle of two different signals
and the degrees is beyond 120. α2 also denotes a relative
angle and the degrees is higher than 90 and lower than 120.
When all signals have the same magnitude, if the relative
angle is 120 degrees, the superimposed channel coefficient
is equal to original signal. In case of α1, since the relative
angle is larger than 120 degrees, the superimposed chan-
nel coefficient decreases. However, in case of α2, since the
relative angle exists between 90 and 120 degrees, superim-
posed channel coefficient is increased. This is because all
signals are normalized to 1. To prevent this unwanted result
and to increase the magnitude of the superimposed channel
coefficient, the states can be divided specifically. As the
number of bits and states increases, the relative angle αk

gradually decreases. Therefore, the magnitude of the super-
imposed channel coefficient is increased and the performance
is enhanced.When the relative angle of two different channels
are zero, the performance is maximized. It is called maximum
ratio transmission (MRT) [33]. Since it uses all the number
of bits, MRT is also called full-bit SPC. The pre-coding
coefficient of MRT is as follows,

CMRT = [H1
(k)∗ H2

(k)∗
· · · HNt×Nr

(k)∗ ]T , (16)

where the k and * denote the sub-carriers index and conju-
gate operator and Nt × Nr denotes the channel index. The
full channel information about HNt×Nr

(k)∗ must be estimated
at the receiver. Thus, the MRT requires the most complex
estimation with highest overhead of all pre-coding schemes.
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FIGURE 10. Superimposed channel coefficient of MRT.

Moreover, the MRT requires full feedback of amplitude and
phase of each channel. Therefore, the MRT requires a large
amount of feedback information.

Fig. 10 shows the process of modifying the channel coeffi-
cient of the MRT. The black and red line denote a channel
coefficient of desired and cooperative signal respectively.
All the black and red lines have the same magnitude. The
dotted red lines denote the phase-flipped channel coefficient
of cooperative signals and the blue line denotes a superim-
posed channel coefficient of desired signal. By using MRT,
eventually, all the signals exist in the same direction as the
desired signal and the channel coefficient of the desired signal
is maximized. Therefore the SNR of the MT is increased.
However, it is very difficult to adjust all the channels with the
same direction and so the complexity of the implementation
is increased accordingly. Furthermore, the performance of
MRT is slightly improved compared to the 2-bit SPC, but the
complexity increases greatly. Therefore, this paper uses 2-bit
SPC with similar performance and low complexity to MRT.

B. PERFORMANCE ENHANCEMENT OF PROPOSED
SYSTEM MODEL
In the proposed system model, in order to evaluate the per-
formance of the proposed scheme, the following cases are
proposed.

1) CONVENTIONAL & COMP SCHEME
Since the proposed system model is connected to the back-
haul network, BS of the macro cell knows the signal that the
serving cell sends. So, the macro cell signal can cooperate
with the signal X1 of the serving cell. The BS of the macro
cell can transmit the same signal as serving cell to perform
a cooperative communication. Then, the received signal is as
follows,

Y2 = H2X2 + N2, (17)

H2 =

[
H11 + H12 + H13 + H14 H15 + H16
H21 + H22 + H23 + H24 H25 + H26

]
, (18)

where the Y2 = [ Y1 Y2 ]T denotes the received symbols vec-
tor, X2 = [X1 X2 ]T denotes the transmit symbols vector
and the noise N2 = [N1 N2 ]T . H2 denotes a channel matrix
of superimposed channel coefficient. The desired signal is
detected by using the filter matrix GMMSE of the channel

matrix H2 and received signal Y2. The estimated transmit
symbol vector is as follows,

X̂2 = GMMSE Ȳ2=(H̄H
2 H̄2)

−1
H̄H
2 (H̄2X2 + N2)

= (H̄H
2 H̄2)

−1
(H̄H

2 H̄2)X2 + GMMSEN2

= X2 + GMMSEN2, (19)

2) CONVENTIONAL & PRE-CODING SCHEME
In this case, the desired signal is pre-coded constructively
and the interference signal is pre-coded destructively. In other
words, the constructive SPC is used to increase the SNR of
the received signal by increasing the superimposed channel
coefficient of the desired signal. It also reduces the SNRof the
interference signal by reducing the magnitude of the channel
coefficient of the interference signal using the destructive
SPC. As a result, the performance of the MT is improved.
Then, the received signal is as follows,[

Y1
Y2

]
︸ ︷︷ ︸
Y3

=

[
A1 B1
C1 D1

]
︸ ︷︷ ︸

H3

[
X1
X2

]
︸ ︷︷ ︸

X3

+

[
N1
N2

]
︸ ︷︷ ︸

N3

(20)

A1 = P1H11 + P2H12, B1 = P3H13 + P4H14,

C1 = P5H21 + P6H22, D1 = P7H23 + P8H24, (21)

where the P1,P2,P5 and P6 are the constructive 2-bit SPC
pre-coding vectors and P3,P4,P7 and P8 are the destructive
2-bit SPC pre-coding vectors. The Y3 = [ Y1 Y2 ]T denotes
the received symbols vector, X3 = [X1 X2 ]T denotes the
transmit symbols vector and the noise N3 = [N1 N2 ]T . H3
denotes a channel matrix of superimposed channel coeffi-
cient. The desired signal is detected by using the filter matrix
GMMSE of the channel matrix H3 and received signal Y3. The
estimated transmit symbol vector is as follows,

X̂3 = GMMSE Ȳ3=(H̄H
3 H̄3)

−1
H̄H
3 (H̄3X3 + N3)

= (H̄H
3 H̄3)

−1
(H̄H

3 H̄3)X3 + GMMSEN3

= X3 + GMMSEN3, (22)

3) CONVENTIONAL & COMP WITH PRE-CODING SCHEME
In case 3, CoMP and pre-coding scheme are used together.
Case 3 provides the constructive pre-coding to the desired
signal with cooperative signal and destructive pre-coding to
the interference signal. In addition, the CoMP scheme is
applied, it can increase the SNR of theMT. Then, the received
signal is as follows,[
Y1
Y2

]
︸ ︷︷ ︸
Y4

=

[
A2 B2
C2 D2

]
︸ ︷︷ ︸

H4

[
X1
X2

]
︸ ︷︷ ︸

X4

+

[
N1
N2

]
︸ ︷︷ ︸

N4

, (23)

A2 = P5(P3(P1H11 + P2H12)+ P4H13)+ P6H14,

B2 = P7H15 + P8H16,

C2 = P13(P11(P9H21 + P10H22)+ P12H23)+ P14H24,

D2 = P15H25 + P16H26 (24)

where the A2 and C2 are the superimposed pre-coding vector
of constructive SPC. The B2 and D2 are the superimposed
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FIGURE 11. BER performance of conventional scheme and proposed
scheme.

pre-coding vector of destructive SPC. The Y4 = [ Y1 Y2 ]T

denotes the received symbols vector, X4 = [X1 X2 ]T denotes
the transmit symbols vector and the noise N4 = [N1 N2 ]T .
H4 denotes a channel matrix of superimposed channel coeffi-
cient. The desired signal is detected by using the filter matrix
GMMSE of the channel matrix H4 and received signal Y4. The
estimated transmit symbol vector is as follows,

X̂4 = GMMSE Ȳ4=(H̄H
4 H̄4)

−1
H̄H
4 (H̄4X4 + N4)

= (H̄H
4 H̄4)

−1
(H̄H

4 H̄4)X4 + GMMSEN4

= X4 + GMMSEN4, (25)

V. SIMULATION RESULTS
In this section, the simulation results are shown. All sim-
ulation results are based on the MIMO-OFDM system and
the simulation parameters are as follows: the number of the
sub-carriers is 256 and the length of the CP is 64 to prevent the
influence of the inter symbol interference. The modulation
is a quadrature phase shift keying (QPSK). All channels
are Rayleigh fading channels of 7-multi paths and the ideal
backhaul network is used. The proposed scheme uses the
2-bit constructive and destructive SPC and CoMP scheme.

Fig. 11 shows that the BER performance of the conven-
tional and the proposed scheme. It is shown that the BER
performance of the MT is improved gradually. Since the
effect of the interference is remained, conventional scheme
has lowest performance at all SNR. In case 1, the CoMP
scheme is applied and the performance improvement at the
BER of 10−2 is 2dB gain compared to the conventional
scheme. The SPC scheme is applied in case 2, 8dB gain is
achieved at the same BER. Finally, in case 3, SPC and CoMP
scheme are applied together and have highest performance

FIGURE 12. Throughput of conventional and proposed scheme.

at all SNR. Therefore, the proposed scheme can effectively
enhance the performance.

Fig. 12 shows the throughput of the conventional and the
proposed scheme. The throughput T is calculated as

T = (1− Pe)Nb , (26)

where the Pe and Nb denote the BER and the number of the
transmitted information bits. The conventional scheme has
0.28bps at the SNR of 25dB and has lowest throughput. In
case 1, the throughput is improved approximately 0.14bps
compare to the conventional scheme but still difficult to
satisfy the QoS of the user. The throughput is increased more
than twice in case 2 compared to the conventional scheme.
Finally, in case 3, the throughput converges almost 1 and
when the throughput is closer to 1, the QoS of the user can be
satisfied. Since the SPC and CoMP scheme are used together,
the case 3 outperforms other cases.

Fig. 13 shows the BER performance of non pre-coding,
1-bit, 2-bit and full-bit SPC. It is simulated in 2 × 2 MIMO-
OFDM system for the performance comparison of the
pre-coding scheme. The simulations are pre-coded as a con-
structive SPC. The BER performance of non pre-coded signal
has lowest performance at all SNR. However, since the SPC
scheme is used in 1-bit, 2-bit and MRT, the performance
improvement is 5.5, 8 and 9.5dB at 10−2 BER, respectively,
compared to the non pre-coded signal. MRT has the highest
performance at all SNR and 2-bit SPC is next. In other words,
the 2-bit SPC scheme can achieve the BER performance sim-
ilar to theMRT scheme with only 2-bit feedback information.
Therefore, the proposed pre-coding scheme can enhance the
performance of the MT and reduce the complexity by using
the 2-bit SPC.
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FIGURE 13. BER performance of non pre-coding, 1, 2 and full-bit
SPC (MRT) in 2 × 2 MIMO-OFDM.

FIGURE 14. BER performance of ZF and MMSE in conventional scheme
and proposed scheme.

Fig. 14 shows the BER performance of ZF and MMSE
scheme. The simulation results compare the performance
of ZF and MMSE scheme in conventional and proposed
scheme. The MMSE scheme has better performance than
the ZF scheme by preventing the amplification of the noise.
In general, the performance gain between ZF and MMSE
scheme is about 2dB at the same BER. However, since the
pre-coding scheme is applied together, the proposed case
2 and 3 have 5 and 6dB gain. Therefore, the proposed scheme
enhances the performance effectively.

FIGURE 15. BER performance of LS-MMSE and perfect estimation.

FIGURE 16. BER performance of non-synchronization and perfect
synchronization.

In general, a perfect CSI is an ideal assumption that rarely
occurs in practical system. So, this paper simulates in a
practical environment that the CSI is not perfectly known.
This paper uses the least square-minimum mean square error
(LS-MMSE) channel estimation scheme in the environment
that the CSI is imperfect [34], [35]. Fig. 15 shows the BER
performance of LS-MMSE and perfect estimation in conven-
tional and proposed scheme case 3. The BER performance
of practical system using the LS-MMSE estimator in an
environment that the CSI is not perfectly known is degraded
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about 2dB compared with the ideal system that the CSI can
be perfectly known. Therefore, it is important to use the
channel estimation in order to obtain the CSI in a practical
system. Actually, interference from the adjacent BSs deteri-
orates the performance of the channel estimation when the
channel estimation is performed in a practical environment,
which causes degradation of BER performance. However,
this paper reduces the magnitude of the interference by using
the destructive SPC to cancel the interference at the adjacent
BSs in channel estimation. Therefore, it is not correct to
assume that there is no interference in channel estimation in
a real system.

Fig. 16 shows the BER performance of
non-synchronization and perfect synchronization in conven-
tional and proposed scheme case 3 in case the offsets exist.
According to the offset, the BER performance in multi-cell
system is degraded due to the signal distortion. Finally,
the offset increases significantly, the BER performance of
the proposed scheme converges to the conventional scheme.
Therefore, synchronization in multi-cell system might be a
big issue in practice.

VI. CONCLUSION
This paper proposes the SPC with CoMP scheme in order to
enhance the performance based on MIMO-OFDM in HetNet
system. It is shown that the proposed schemes have better
BER performance and higher throughput than the conven-
tional scheme. The proposed scheme uses pre-coding and
CoMP scheme and it can maximize the SNR of the MT by
using a constructive SPC. It also minimizes the interference
by using a destructive SPC. In conclusion, the SPC andCoMP
scheme enhance the performance and reliability of the MT.

As a related works, the proposed scheme applied to the
joint transmission (JT) technique and coordinated scheduling
(CS). These are the CoMP schemes achieving a high through-
put to satisfy the user’s reliability and using a beam-forming
for energy efficiency. Such a various studies are underway
and better simulation result can be predicted.

REFERENCES
[1] M. Shafi et al., ‘‘5G: A tutorial overview of standards, trials, challenges,

deployment, and practice,’’ IEEE J. Sel. Areas Commun., vol. 35, no. 6,
pp. 1201–1220, Jun. 2017.

[2] Y. G. Li, J. H. Winters, and N. R. Sollenberger, ‘‘MIMO-OFDM for wire-
less communications: Signal detection with enhanced channel estimation,’’
IEEE Trans. Commun., vol. 50, no. 9, pp. 1471–1477, Sep. 2002.

[3] H. Yin and S. Alamouti, ‘‘OFDMA: A broadband wireless access technol-
ogy,’’ in Proc. IEEE Sarnoff Symp., Mar. 2006, pp. 1–4.

[4] H. Jiang, H. Luo, J. Tian, and W. Song, ‘‘Design of an efficient FFT
processor for OFDM systems,’’ IEEE Trans. Consum. Electron., vol. 51,
no. 4, pp. 1099–1103, Nov. 2005.

[5] A. M. Hamza and J. W. Mark, ‘‘Closed-form expressions for the BER/SER
of OFDM systems with an integer time offset,’’ IEEE Trans. Commun.,
vol. 63, no. 11, pp. 4461–4473, Nov. 2015.

[6] T. Nakamura et al., ‘‘Trends in small cell enhancements in LTE advanced,’’
IEEE Commun. Mag., vol. 51, no. 2, pp. 98–105, Feb. 2013.

[7] X. Ge, S. Tu, G. Mao, C. Wang, and T. Han, ‘‘5G ultra-dense cellular
networks,’’ IEEE Wireless Commun., vol. 23, no. 1, pp. 72–79, Dec. 2015.

[8] T. M. Schmidl and D. C. Cox, ‘‘Robust frequency and timing synchroniza-
tion for OFDM,’’ IEEE Trans. Commun., vol. 45, no. 12, pp. 1613–1621,
Dec. 1997.

[9] H. Minn, M. Zeng, and V. K. Bhargava, ‘‘On timing offset estimation
for OFDM systems,’’ IEEE Commun. Lett., vol. 4, no. 7, pp. 242–244,
Jul. 2000.

[10] G. Ren, Y. Chang, H. Zhang, and H. Zhang, ‘‘Synchronization method
based on a new constant envelop preamble for OFDM systems,’’ IEEE
Trans. Broadcast., vol. 51, no. 1, pp. 139–143, Mar. 2005.

[11] A. B. Awoseyila, C. Kasparis, and B. G. Evans, ‘‘Robust time-domain
timing and frequency synchronization for OFDM systems,’’ IEEE Trans.
Consum. Electron., vol. 55, no. 2, pp. 391–399, May 2009.

[12] Small Cell Enhancements for E-UTRA and E-UTRAN Physical Layer
Aspects, document TR 36.872, 3GPP, Dec. 2013.

[13] W.-C. Kim et al., ‘‘Adaptive CoMP with spatial phase coding for interfer-
ence mitigation in the heterogeneous network,’’ Appl. Sci., vol. 8, no. 4,
p. 631, Apr. 2016.

[14] S.-Y. Kim et al., ‘‘Adaptive cooperative transmission with spatial phase
coding for interferencemitigation in the wireless cellular communication,’’
IEICE Trans. Fundam. Electron. Commun. Comput. Sci., vols. E100–A,
no. 1, pp. 317–321, Jan. 2017.

[15] Coordinated Multi-Point Operation for LTE Physical Layer Aspects,
document TR 36.819, 3GPP, Sep. 2013.

[16] Y.-J. Kim and H.-K. Song, ‘‘Enhanced performance using precoding
scheme with limited feedback information in the heterogeneous network,’’
IEICE Trans. Fundam. Electron., Commun. Comput. Sci., vol. E100, no. 3,
pp. 916–919, Mar. 2017.

[17] D. Ginting, A. Fahmi, and A. Kurniawan, ‘‘Performance evaluation of
inter-cell interference of LTE-A system using carrier aggregation and
CoMP techniques,’’ in Proc. 9th Int. Conf. Telecommun. Syst. Services
Appl. (TSSA), Nov. 2016, pp. 1–5.

[18] H. Sampath, P. Stoica, and A. Paulraj, ‘‘Generalized linear precoder and
decoder design for MIMO channels using the weighted MMSE criterion,’’
IEEE Trans. Commun., vol. 49, no. 12, pp. 2198–2206, Dec. 2001.

[19] A. Scaglione, P. Stoica, S. Barbarossa, G. B. Giannakis, and H. Sampath,
‘‘Optimal designs for space-time linear precoders and decoders,’’ IEEE
Trans. Signal Process., vol. 50, no. 5, pp. 1051–1064, May 2002.

[20] D. P. Palomar, J. M. Cioffi, andM. A. Lagunas, ‘‘Joint Tx-Rx beamforming
design for multicarrier MIMO channels: A unified framework for convex
optimization,’’ IEEE Trans. Signal Process., vol. 51, no. 9, pp. 2381–2401,
Sep. 2003.

[21] F. Sohrabi and W. Yu, ‘‘Hybrid digital and analog beamforming design for
large-scale antenna arrays,’’ IEEE J. Sel. Topics Signal Process., vol. 10,
no. 3, pp. 501–513, Apr. 2016.

[22] D. C. Chen, T. Q. S. Quek, and M. Kountouris, ‘‘Backhauling in heteroge-
neous cellular networks: Modeling and tradeoffs,’’ IEEE Trans. Wireless
Commun., vol. 14, no. 6, pp. 3194–3206, Jun. 2015.

[23] R. Bohnke, D. Wubben, V. Kuhn, and K.-D. Kammeyer, ‘‘Reduced com-
plexity MMSE detection for BLAST architectures,’’ in Proc. IEEE Global
Telecommun. Conf., Dec. 2003, pp. 2258–2262.

[24] D. Wubben, R. Bohnke, V. Kuhn, and K.-D. Kammeyer, ‘‘MMSE-based
lattice-reduction for near-ML detection of MIMO systems,’’ in Proc. ITG
Workshop Smart Antennas, Mar. 2004, pp. 106–113.

[25] W. Bei and Q. Zhu, ‘‘A low complex V-BLAST detection algorithm for
MIMO-OFDM system,’’ in Proc. 4th Int. Conf. Wireless Commun., Netw.
Mobile Comput., Oct. 2008, pp. 1–4.

[26] T. P. Ren, Y. L. Guan, C. Yuen, and E. Y. Zhang, ‘‘Block-orthogonal space–
time code structure and its impact on QRDM decoding complexity reduc-
tion,’’ IEEE J. Sel. Topics Signal Process., vol. 5, no. 8, pp. 1438–1450,
Dec. 2011.

[27] S.-J. Yu, K.-R. Kim, and H.-K. Song, ‘‘A multi-relay cooperative commu-
nication using space time spatial phase coding based on OFDM,’’Wireless
Pers. Commun., vol. 96, no. 2, pp. 3127–3137, Sep. 2017.

[28] D.-H. Ha and H.-K. Song, ‘‘Cooperative diversity scheme using SPC in
MIMO-OFDMA system,’’ Electron. Lett., vol. 51, no. 4, pp. 364–366,
2015.

[29] K.-R. Kim, S.-J. Yu, and H.-K. Song, ‘‘Cooperative diversity technique
using spatial phase coding based on OFDMA system,’’ IEICE Trans. Inf.
Syst., vol. E97, no. 7, pp. 1897–1900, Jul. 2014.

[30] S. Kaiser, ‘‘Performance of spatial phase coding (SPC) in broad-
band OFDM systems,’’ in Proc. IEEE Int. Conf. Commun., Jun. 2007,
pp. 4405–4410.

[31] J. C. Shin, J.-H. Kim, and H.-K. Song, ‘‘Efficient feedback design for
spatial phase coding in MISO-OFDM systems,’’ IEICE Trnas. Commun.,
vol. E94, no. 7, pp. 2149–2152, Jul. 2001.

VOLUME 7, 2019 62249



M.-J. Paek et al.: SPC With CoMP for Performance Enhancement Based on MIMO-OFDM in HetNet System

[32] D.-H. Ha, Y.-J. Kim, and H.-K. Song, ‘‘Cooperative transmission scheme
for cell interference mitigation in wireless communication system,’’Wire-
less Pers. Commun., vol. 97, no. 1, pp. 723–732, May 2017.

[33] T. K. Y. Lo, ‘‘Maximum ratio transmission,’’ IEEE Trans. Commun.,
vol. 47, no. 10, pp. 1458–1461, Oct. 1999.

[34] M. Morelli and U. Mengali, ‘‘A comparison of pilot-aided channel estima-
tion methods for OFDM systems,’’ IEEE Trans. Signal Process., vol. 49,
no. 12, pp. 3065–3073, Dec. 2001.

[35] J.-J. van de Beek, O. Edfors, M. Sandell, S. K.Wilson, and P. O. Borjesson,
‘‘On channel estimation in OFDM systems,’’ in Proc. IEEE 45th Veh.
Technol. Conf., Jul. 1995, pp. 815–819.

MIN-JAE PAEK received the B.S. degree in opti-
cal engineering from Sejong University, Seoul,
South Korea, in 2018, where he is currently pur-
suing the M.S. degree with the Department of
information and communications engineering. His
research interests include wireless communication
system design, cooperative communication, and
MIMO signal processing.

WON-CHANG KIM received the B.S. degree in
information and communication engineering from
Sejong University, Seoul, South Korea, in 2017,
where he is currently pursuing the M.S. degree
with the Department of Information and Com-
munication Engineering. His research interests
include wireless communication systems design
and cooperative communication.

MOO-YOUNG KIM received the M.Sc. degree
in electrical engineering from Yonsei University,
Seoul, South Korea, in 1995, and the Ph.D. degree
in electrical engineering from the KTH Royal
Institute of Technology, Stockholm, Sweden,
in 2004. From 1995 to 2000, he was with the
Human Computer Interaction Laboratory, Sam-
sung Advanced Institute of Technology. He was
also with the Department ofMultimedia Technolo-
gies, Ericsson Research, and the Spatial Audio

Team, Qualcomm Technologies. He is currently with the Department of
Electronics and Information Engineering, Sejong University. His research
interests include spatial audio signal processing, speech/audio coding, infor-
mation theory and communications, speech enhancement, and music infor-
mation retrieval.

HYOUNG-KYU SONG received the B.S., M.S.,
and Ph.D. degrees in electronic engineering from
Yonsei University, Seoul, South Korea, in 1990,
1992, and 1996, respectively. From 1996 to 2000,
hewas aManagerial Engineer with theKorea Elec-
tronics Technology Institute (KETI), South Korea.
Since 2000, he has been an Associate Professor
with the Department of Information and Commu-
nications Engineering, Sejong University, Seoul.
His research interests include digital and data com-

munications, information theory, and their applications with an emphasis on
mobile communications.

62250 VOLUME 7, 2019


	INTRODUCTION
	SYSTEM MODEL
	CONVENTIONAL SCHEME
	PROPOSED SCHEME
	SPATIAL PHASE CODING
	PERFORMANCE ENHANCEMENT OF PROPOSED SYSTEM MODEL
	CONVENTIONAL & COMP SCHEME
	CONVENTIONAL & PRE-CODING SCHEME
	CONVENTIONAL & COMP WITH PRE-CODING SCHEME


	SIMULATION RESULTS
	CONCLUSION
	REFERENCES
	Biographies
	MIN-JAE PAEK
	WON-CHANG KIM
	MOO-YOUNG KIM
	HYOUNG-KYU SONG


