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Abstract —Per-user based SLNR-SINR interference alignment
(1A) algorithm for uplink CoMP is evaluated under different
channel models. Rayleigh, Rician, and Nakagami fading
channel is used in transmission with the Additive White
Gaussian Noise (AWGN) channel set as reference. Performance
evaluation is based on its achievable sum rate and convergence
rate by varying the channel, the number of serving cells, and
UE's transmit and receive antenna combination. Assuming
perfect CSlI, the result shows that the maximum achievable sum
rate is when the communication occurs in the AWGN channel.
There are 3 bps/Hz difference between communication over
Rayleigh and Nakagami channel, and 1.5 bps/Hz difference
between Rician and Nakagami channel. Among the three fading
channels, a smaller number of transmitting and receiving
antenna in UE resulted in a higher sum rate with 58.97 bps/Hz
for IA in the Nakagami channel with {3, 2, 4, 4, 2}
configuration. In the low SNR region, the lowest sum rate for
this configuration achieves 15.87 bps/Hz for 1A in the Rayleigh
channel.

Index Terms—Interference alignment, uplink CoMP, sum rate,
convergence

I. INTRODUCTION

The increasing number of mobile users pushes
telecommunication providers to provide sufficient
capacity to serve all its customers by implementing new
technologies, establishing new base stations, increasing
bandwidth, etc. Current technology deployed is the 4™
Generation of wireless communication, LTE/A, which is
designed to provide high transmission rates and low
latency along with secure communication features [1].
Although LTE-A was developed to achieve higher
network capacity than previous technology, users in cell
boundaries susceptible to interference, not only due to
their further distance from eNB serving the cell but also
affected by Inter-Cell interference (ICI) and Co-Channel
Interference (CCI) from users in the same cell and
neighbors' [2].

Coordinated Multi-Point (CoMP) transmission and
reception [3] has been proposed to improve system
performance for cell-edge users that suffer from inter-cell
interference. CoMP was first proposed by the Third
Generation Partnership Project (3GPP) for LTE-A [4] to
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meet the requirement of system performance such as
spectral efficiency and cell-edge user’s throughput by
giving resolution for supporting cell-edge completion
while keeping the coordination complexity at a minimum
level [2]. In CoMP operation, multiple points, in the
forms of cells/base stations/mobile stations, coordinate
with each other such that signals transmission among
them spared from serious interference [5].

CoMP in downlink is divided into three main
techniques, coordinated scheduling and coordinated
beamforming (CS/CB), joint transmission (JT), and
transmission point selection (TPS), while for uplink
consists of two techniques, Coordinated Scheduling (CS)
and Joint Reception and Processing (JR). CoMP-JR is
proven to accommodate cell edge users in overlapping
areas by increasing their spectral efficiency gain [6] (see
Fig. 1 and Fig. 2).
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Fig. 1. CoMP downlink scenario (a) CS/CB (b) JT (c) TPS [2]
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Fig. 2. CoMP uplink scenario (a) CS [2] (b) JR [7]

Interference alignment (1A), a method first proposed in
[8], is a transmission strategy for the interference channel
that results in sum capacities that scale linearly. It aligns
signals over one of the three-dimension; time, space, or
frequency such that multiplexing gain is reduced.
Precoders-decoders combination is constructed such that
the interference will align in one direction and resulting
in in the existence of interference-free subspaces for
information containing signals [9]. Due to the nature of
CoMP, 1A is needed to remove the interferences for cell-
edge users. Many works evaluate IA performance. The
earliest precoder and decoder design for 1A is proposed in
[10], [11]. Recent advantages are shown in [12]. The
authors propose a method to predict channel state
information (CSI) rather than gathering CSI through
feedback. On the other hand, [13] implements a
precoding-decoding algorithm to align the interference
coming from the same source. However, those design is
implemented for MIMO Interference channel, where
inter-cell interference is ignored.

In CoMP, 1A performance shows a significant result in
combating interference. In the downlink side, IA methods
of [14] used Signal to Leakage and Noise Ratio (SLNR)
based precoding to achieve a lower bit error rate (BER)
compared to block diagonalization and linear precoders.
In [15], the authors studied the asynchronous distributed
iterative method based on multipliers' alternation
distribution method to update the MMSE precoder's
weight.

On the other hand, [6] presents a comparative study of
several non-l1A uplink CoMP methods. At the same time,
[16] proposed a lower complexity 1A method that could
achieve the same performance as an exhaustive method
for uplink CoMP. However, using combined criteria of
SLNR and Signal to Interference and Noise Ratio (SINR)
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for each user, authors in [7] achieved higher sum rate for
uplink CoMP in Additive White Gaussian Noise (AWGN)
channel.

Although AWGN channel is mainly used as a
communication channel over simulation, in reality, flat
and multipath fading often occurs in radio
communications [17]. Multipath fading happened due to
the constructive and destructive combination of randomly
delayed, reflected, scattered, and diffracted signal
components [18]. There are several statistical models of
multipath  fading, includes Rayleigh, Rician, and
Nakagami Model.

This study evaluates the performance of methods used
in [7] under different channel models. Using AWGN as a
reference, we evaluate the performance of the proposed
methods in Rayleigh, Rician, and Nakagami channel
models with different cell sizes and antenna combination.

The rest of this paper is organized as follows. System
model is described in Chapter 11. Chapter Il evaluates the
simulation results, and the conclusion is given in Chapter
V.

Il. SYSTEM MODELS

Using the same simulation environment and scenario
as [7], we evaluate the proposed method's performance
under different channel models. Refer to Fig. 3, supposed
C is the number of cell-sites that cooperatively serve K

cell edge users per cell. x,(f) € C%** notes data streams d

that sent from each user k in cell index c. Transmit power

of each user is calculated as E{ x O x,(f)} = p\9.
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Fig. 3. Block diagram of interference alignment in uplink CoMP with
C cells, each having K users [7].

The received signal y, € CV*1 in cell site ¢ can be
expressed as

Ye = TRt HOVOXO + Bhcimec T HOO VX 40, (1)

where M and N is the number of transmit and receive
antenna, respectively, HSZ) is the matrix channel from

user k in cell m to cell c.
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Channel matrix H is differentiated for each fading
channel model. In Rayleigh channel, H is a random
complex matrix following Gaussian distribution with no
Line of Sight (LOS) component, while Rician fading is
Rayleigh with LOS component. Gamma distribution is
used for Nakagami fading channel, and AWGN is set as
the reference with its linear distribution [18].

Pdf of Rayleigh, Rician, and Nakagami channel is
shown in equation (2) [19], (3) [19], (4)[18] respectively.
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where 202 = E{X?},X? is a chi-square random variable
and o2 is the variance of Gaussian random variables with
zero mean. In Rician fading, r. represents the LOS
component, and [,(-) is the modified zeroth-order Bessel
function of the first kind. On the other hand, Nakagami
channel used gamma distribution based random variables
with m is Nakagami fading parameter, ranging from%to
oo, In this paper, the value of m is set to be random
number between 1 and co.

M x d precoding matrix of this user is denoted as v,
and the noise vector observed during transmission to cell
site ¢ is denoted as n.. From [7], precoding matrix is

designed as V. = V9 /||[V{|| with Vi stated in (5).

o~ -1
7 e (@) (WP ) ) (9
IEC) is a matrix derived from the SLNR equation,

which is the criterion used to align the interferences.
With CoMP model, all signals will be grouped and
processed as

y=HVx+n (6)

where y is the row vector consists of all received signals
in the propagation, H is the CN x CKM concatenated
channel matrix, V is block diagonal matrix, which its
diagonal value is the groups of precoding matrix used in
the system. The noise vector is merged as n matrix with
a2 as the variance.

In the receiver, CN X d decoding matrix U,(f) =
T/||TL|| is used to align the interferences in user k
from cell ¢, where ﬁ,(f) is stated in (7). Max SINR is the
decoder criterion, and thus matrix B,(f) is the derivation
from the SINR equation. Decoder matrices from all users
in all cells are grouped as CN x CKd matrix U.

~ -1
0 e (8) " WOV )

Utilizing the MMSE MIMO detection method, the
detected symbol is described by
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% = GMz = GMHx + GM'A, (8)

where Heq = UPHV and G* is the MMSE  matrix used to
detect received symbol.

Following [9], the total achievable sum rate is defined
as

CKd
R = z log,(1 + SINR)), ©
i=1
and SINR; of the stream i is given by,
G'H ., ;HE .G;

SINR; = i
DY G?Heq,nglq,lGi +02G{G;

(10)

I1l. RESULTS AND DISCUSSION

Perfect channel state information (CSI) availability
means that the receiver is aware of fading's realization.
The assumption of CSI is used in order to simplify the
simulation and obtain first insight into this problem. [20]
stated that perfect CSI facilitates the channel capacity
significantly using multiple transmitter and receiver
antennas. Implementing this assumption, we simulate per
user based combined SLNR SINR IA method in Rayleigh,
Rician, and Nakagami fading channel. Supposed we have
{C,K,M,N,d} denote the CoMP configuration. Fig. 4.
shows the achievable sum rate of (a) {2, 2, 4,4, 2}, and (b)
{3, 2,4, 4,2} over different fading channels.
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Fig. 4. Achievable sum rate of IA in uplink CoMP with
(@) {2,2,4,4,2} (b) {3, 2,4, 4, 2} configuration
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Methods in the AWGN channel achieves a higher sum

rate than others since channel distribution is simply linear.

Comparing Rayleigh and Rician, transmission over
Rayleigh channel has better performance than Rician,
since there is no LOS component in Rayleigh channel.
On the other hand, transmission through Nakagami
provides a higher sum rate in higher SNR than Rayleigh

and Rician with the average difference reaches 3 bps/s/Hz.

In the low SNR region, there is 3 bps/Hz difference
between the implementation of the IA method in
Nakagami and Rayleigh channel, while 1.5 bps/Hz with a
Rician channel. In SNR = 9 dB, transmission in the
Nakagami channel starts to precede Rayleigh and Rician.

A higher sum rate is achieved when the system has
higher serving cells. In a scenario with two serving cells,
the highest achievable sum rate is 65.93 bps/Hz, which is
happened in transmission via the AWGN channel.
However, with 3 serving cells, the highest achievable
sum rate increasing 50% to 99.79 bps/Hz. In cell edge
users case, when there are more serving cells available,
their throughput tends to be higher, since the available
communication channel that connects them to other users
is larger.
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Since it is an iterative method, convergence is analyzed.
Fig. 5 shows the convergence of (a) {2,2,4,4,2}
(b) {3,2,4, 4,2} configuration. At least 25 iterations are
needed for transmission in Nakagami while Rayleigh and
Rician only require less than 15 iterations from both
configurations. The complexity is the reason for this
phenomenon. PDF formula of Nakagami and its gamma
distribution requires more iterations to reach a stable
value. On the other hand, Rayleigh and Rician use less
simple distribution, which is Gaussian.

In light of the number of transmitting and receiving
antenna in mobile users, the sum rate of scenario with
fewer UE's antenna is higher, as shown in Fig. 6.
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Fig. 6. Achievable sum rate of IA in uplink CoMP with a different
number of UE's antenna.
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Fig. 7. The convergence of 3 Cells 2 users IA in CoMP with different
number of UE's antenna

When the number of UE's antenna is high, the number
of generated channels is also high; thus, the probability of
interference could happen is high. In 4 X 4 UE’s antenna
configuration, the generated channels are 4 x4 =16
channels, while in 8 x 8 are 64 channels. A large number
of channels could increase the possibilities of interference.
However, if the number of eNB's antenna is high, the sum
rate will most likely be higher because the serving
channel is also larger.

Fig. 7 depicts the 1A method's convergence with the
different numbers of UE's antenna under different
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channel models. The smaller number of UE’s antenna,
the faster it achieves convergence. Since larger
interference channels need to be aligned, the 1A method
needs more iteration to achieve convergence in a higher
number of UE's antenna.

Regardless of the number of cells, the number of UE's
antenna, and fading channel scenario, the 1A method in
uplink CoMP achieves a higher sum rate, especially for
cell-edge users compared to LTE-A standard in [21]. It
means that the implementation of IA could improve the
performance of CoMP.

IV. CONCLUSION

In this study, we evaluated per user based IA method
in uplink CoMP under different channel models. The best
scenario to achieve the highest sum rate uses {3,2,4,4,2}
configuration under the AWGN channel. 1A methods
transmitted in Rayleigh channel excels in the lower SNR
region than Rician and Nakagami. On the other hand, in
the higher SNR region, the 1A method transmitted in the
Nakagami channel is proven to have a better sum rate. A
lower number of UE's antenna achieves a higher sum rate,
but the effect of eNB's antenna combination needs to be
investigated further.
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