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The capacity of multiple input and single out (MISO) system is investigated in intercell interference environment of a visible light
communication (VLC) system. The interference is dominating in cell edges and the center of the room due to overlapping of light
signals from neighbor cell. The footprint of one cell extends at high SNR, and consequently, this increases the intercell interference
regions. Therefore, the channel capacity is greatly deteriorated due to interference power. In this paper, the channel capacity can
be improved using diversity gain of MISO-based VLC system. The light-emitting diode (LEDs) of MISO system in a cell can use
the same data to improve the diversity gain of the system. The MISO array is derived as per SNR requirements in interference
region of the room. The capacity of the MISO system is examined and compared with that of the single input and single
output (SISO). A trade-off of the MISO array is obtained at different SNRs to achieve the interference free capacity system.
Theoretical and simulation capacity response show that the interference is considerably minimized by using diversity gain of
MISO system. The interference free capacity is achieved at 44 dB, 49.5dB, and 51.7dB SNR using 4X1, 9X1 and 16X MISO

system, respectively.

1. Introduction

The VLC MIMO system emerge as the promising technol-
ogy used to support high performance in communication
systems [1]. MISO-VLC system is generalized into two
types, i.e., the imaging and nonimaging MISO system. The
most usage in MISO equipment system is imaging in which
the channel matrix is guaranteed to be with full-rank, and
the multiplexing gain is extremely high [2]. There are lot
of challenges in VLC system. The cell interference is one of
the important issues need to be investigated and solved.
The cell interference is initiated when the different neighbor
cells attempt to use the identical resource at the same time.
The cell interference deteriorates the system performance
especially channel capacity, bit error rate, and data rate.
The MISO system can increase the channel capacity without
consuming extra bandwidth and SNR. The high-order MISO

is commonly applied in VLC system and for further exploit-
ing of the multipath channel capacity [3-5]. However,
increasing the number of light-emitting diode (LED) and
other hardware of the transmitter in a limited space is also
a challenge. Therefore, it is important to find an optimized
topology for the high-order MISO array system in mobile
receivers which can maximize the system performance of
MISO-VLC.

Several interference mitigation methods have been stud-
ied in the literature under various conditions and network
infrastructures. The distribution of multicolor, time division,
frequency reuse, and cell coordination is commonly used to
eliminate the interference. The utilization of bandwidth,
power, and blanking resources are utilized to overcome the
cell interference effects. In [6], the dynamic and static alloca-
tion of frequency resources, time slots, and the power distri-
bution is controlled at the receiver to ensure that the cell
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interference remains within acceptable limits. The signal-to-
noise ratio (SNR), signal-to-interference-noise ratio (SINR),
and optical channel constraints relation is investigated in [7]
to provide fair comparison across optical wireless communi-
cation. A phase predistorted joint detection technique is
investigated in [8] to improve the system performance of
uplink nonorthogonal multiple access (NOMA). This
scheme outperforms the previously proposed successive
interference cancellation-based NOMA with or without pre-
distortion. The fix power allocation to successive interfer-
ence cancellation algorithms is examined. These schemes
increase the complexity at transmitter side. The proposed
scheme in [9] is comprised of a two-level algorithm—one
at the base station level, and the other at a central controller
to which a group of neighboring base stations are connected.
The frequency share and reuse combined method is investi-
gated in [10], in which the two resource allocation algo-
rithms are used to minimize interference and maximize the
system throughput. This technique utilizes more resources
by increasing the number of cells. A static scheduler tech-
nique is offered to achieve high signal-to-interference-noise
ratio (SINR) in [11]. Two approaches are proposed, one
for the centralized part, and the other is based on the greedy
color allocation. Both approaches improve the performance
of cell-edge users but they increase the complexity of the sys-
tem. A polynomial time distributed algorithm is proposed in
[12] to minimize the cell interference, while the resource
allocations has been tackled with blanking. However, the
excessive use of blanking may deteriorate the performance.
The pilot-based interference estimation scheme proposed
in [13] is a crucial step to control power and band resources
for cell-edges users. However, the pilot-based schemes are
not accurate, and it utilizes extraband resources. An orthog-
onal frequency division multiplexing (OFDM), based load
balancing algorithm is proposed in [14] for managing the
resources of the resulting hybrid VLC/RF network and
determining the user association to each system. The com-
plexity of this optimization problem is excessively high for
practical VLC/RF networks. The coverage analysis of multi-
user VLC networks is presented in [15]. This work employed
a dynamic cell formation method for grouping the optical
access points in multiple optical cells that cover a footprint
to minimize the intercell interference. Then, the transmis-
sion based on blind interference alignment in each optical
cell is utilized to minimize the interference.

This paper investigates the channel capacity in cell inter-
ference area by using the MISO system. The interference
power is different in different areas of the room due to inter-
ference and distance. The channel capacity is deteriorated
due to signal-to-interference-noise ratio (SNIR). Therefore,
the formulation to find the number of MISO array is utilized
which minimize the intercell interference effect. The cell
interference free channel capacity is derived by using a
high-order MISO array at different levels of SNR. This tech-
nique secures the power, bandwidth, transmitter, and
receiver complexity and many other complex algorithm used
in transmitter and receivers. The high SNR produces high
SNIR and decrease the channel capacity especially in the
intercell interference regions. The deterioration of channel
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capacity is compensated by the high order of MISO array.
The MISO system is optimized for high interference area
of the room which is more depending upon the placement
of LEDs and distance between them and transmitted power.

This paper is structured as follows. Section 2 describes
the proposed schemes. The analyses are shown in Section
3. Section 4 represents the simulation results. Section 5 con-
cludes this paper.

2. System Model

The higher-order MISO array is used to improve the capac-
ity at high SNR of the system in cell interference environ-
ment. The LED array for brightness and data transmission
are used for multiple receivers simultaneously. In this paper,
four cells of N number of LEDs are installed at the same
distances. We consider same number of LEDs in each cell.

The signal x;(t) is transmitted at time t from LEDs i=
1,2,3, Ny, and y,(t) is received at time t.

yr(t) = ZRhij(t)xi(t) +n,(t), (1)

where £,(t) is the complex channel gain with E[h,(¢)]* = 1
and R represents the responsiveness of the photo-detector (in
A/W) and x(t) = [x;(¢)x, (£)x5 () -+ ..xNT(t)]T and y,(f) =
AGIAGIAGRE ..yNT(t)]T. The VLC channel matrix H,
with 1XN dimension as shown in Figure 1.

The direct signal or line of sight (LOS) is considered;
however, signals from non-LOS (NLOS) are negligible. The
distance between the transmitter and receiver is d, Ap is
the receiving area, p is the refractive index, y is the angle
of incidence, ¢ is the irradiance angle, y is the reflectance
factor, [ is the order of Lambertian emission, v, is the field
of view (FOV), and T(y)_; is the signal transmission coeffi-
cient of an optical filter. The g(v) is the gain of the optical
concentrator which is expressed in [16]

2

P

sin?y,

L0y <y,

g(y) = (2)

0, 0>y,

where A is effecting area of photodiode and A, is the
surface area of the photodiode, which can be write mathe-
matically as

s
N,A cosy, 0<y < 5

Aeff(W) = T
0, y> 5 (3)
N,A, cos yTy(y)g(y), 0sy <y,

A (y) = {0 vy
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FiGure 1: Top view of VLC MISO system. (a) MISO system. (b) Footprint of four cells.

The transmitted and received power can be expressed as

Ny

P, = ) PyyHy(t). (4)

i=1

However, the transmitted power is divided equally
between all number of LEDs and received power in the room
is shown in Figure 2, where transmitted power is

P=——=, (5)

where R(QJ) is radiant Lambertian.

Received power is a product of received intensity I,(J)
and the effective area A (). Therefore, the received power
can be defined as [17]

— " At (¥)s (6)

(I+ 1)N,A,ycos!(9)g(¥) T(y) oy cos ()
2nd®

0<y<y,

0, elsewhere.

>

Hy(0) 05 =

(7)

Equation (7) represents the DC gain H,(0) in LOS in
frequency domain. The average transmitted optical power
is given in

T
P =limp_ %J Tx(t)dt. (8)

The different MISO cells are transmitting different bit
streams data. Therefore, the mis nearby receiver to the k™
cell as shown in Figure 1(a). Thus, the maximum SNR is
received from the k™ cell. The powers from neighbor cells

which are using the same signal shape but different bit
. . A . .
streams are considered interference )7 _; P, as given in

a¥k
Ncell
Pr(m) = Pr(k>m) + z Pr(a,m) (9)
a=1
atk

The footprint of four cells are shown in Figure 1(b), and
the illumination of every cells is overlapping the neighbor
cell which cause the interference. However, the interference
area and cell edges are clearly mentioned in Figure 1(b).
The highest interference area is located at the center of the
room.

3. Analysis

In this paper, the channel information of the VLC system is
known at both the side receiver and transmitter. The [18, 19]
multiple independent data streams are simultaneously trans-
mitted from different cells to achieve higher transmission
data rate. The diversity gain of MISO transmission tech-
nique is transmitting same bit streams within a cell. The
diversity gain increases the SNR within the cell and
improves the channel capacity of the system. In this paper,
the diversity gain is analyzed within the cells of a VLC sys-
tem. The cell interference of the neighbor is analyzed
between cells which dominant at the boundaries of the cell
as shown in Figure 1(b). The cell interference is compen-
sated through number of LEDs N at transmitter. The inter-
ference signals are dominant in cell edges and center of the
room; therefore, the channel capacity performance are
affected in interference regions. The cell interference effect
is mitigated by increasing the number of LEDs at the trans-
mitter. The higher-order MISO transmitter can be utilized
only in high interference areas if receivers are static.
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The capacity of MISO AWGN channel:

NT
Cuso < . log(1 + SNR),
=1 (10)
P2
p=
nw

with cell interference SNIR =SNR;q < (Pf(k)/ (n+

Zi‘;“l Pyam)) W)N 7, the ZI\;‘;‘II P, (4my is cell interference

a#k a#k
power from neighbor cells as shown in Figure 3.
The channel capacity per band for single input and single
output (SISO) in interference environments is given below:

@)

| 2ol

a+k

2

Pr(

a,m)

(11)

The approximation of noise at high interference is negligi-
ble. The MISO capacity is compared with capacity of SISO sys-

tem without interference (SISOWI) as shown in Figure 4 to
estimate the number of N,

1 Pl 1 Pl
2 <nv(v>>2§1°g . Ne 1>
NCE
n+ Zail Pr(a,m) w
atk
P2y P2y
() 2
NC
n+) ail Pram | W
a+k
Nce].l Pz(k)
Z Prlam 2 P nNtW —n,
a=1 r(k)
atk
Nce]]
Y Pl 20N W —n,
a=1
a+k
NC
Z Clil Pr(u,m) +n
N atk
T Wn ’

(12)
Equation (12) defines the required number of N to com-

pensate the cell interference power in MISO systems. How-
ever, the SNR can be define as in

NCQ
(Pr(k,m) + Za_lllpr(a,m)) SN-W-—1
= T — 1,

n
N (13)

P P
( r(k,m)) > [(NTW— 1) _ Za—l r(a,m)‘| .
n

n
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F1GUREe 5: Channel capacity of four cells and each cell contain N, =4 MISO system.

The MISO system is optimized at highest interference area
which is the center of the room. The center of the room is at
P(x —axis =2.5,y —axis = 2.5) as shown in Figure 1(b), the
light from all cell received equally. Therefore, the interference
power is three time greater then principle cell as shown in

Pr(k,m)

&

The condition for optimization is the difference between
(NyW —1) and (3 # (P,(,,)/n) ) should be high enough to
achieve the high SNR. Therefore, analytically the high SNR
requires high MISO array system in interference areas of the
room. Hence, the MISO system is optimized as per high inter-
ference to achieve the required SNR.

The overall capacity of whole indoor cellular system is
equal to the combination of all cell’s capacity. However,
every cell is transmitting different bit stream which creates
the cell interference in neighboring cells. Every cell utilizes
the MISO system with diversity gain and get an improved
capacity in that particular cell. The overall capacity

Pr(k )
> [(NpW=1)=3% EW| (g
(2.5,2.5) n

Y

Z Cce]l(i)’

cell (i)=1

C

(15)

where Y represents the number of cells and every cell (i)
utilizes diversity gain with N, order of MISO system to
minimize the cell interference from neighbor cell. The dis-

tance between cells decreases the SNIR at the boundaries
of every cell. However, the less distance between cell
increases the cell interference which requires the higher
order of MISO system. Therefore, we have trade-off between
cell interference, distance between LEDs within cell, SNR
and order of MISO system within one cell. The cell interfer-
ence varies due to two factors one is distance between cells
and SNR. However, distance between LEDs and SNR
increase the interference at boundaries of the cell. The dis-
tance between LEDs improves the illumination distribution

in the room, and interference power is compensated via
MISO system.

4. Simulation Result and Discussion

The simulation of this indoor VLC MISO system is per-
formed by using four cells installed in a 270sq. ft. room.
MISO LEDs are placed at same distances inside every cell,
and the room is covered by four cells. Every cell has fixed
number of N, or LEDs. The receiving surface is 2 meter
away from ceiling. This paper examined the simulation
and analytical channel capacity which is deteriorated due
to cell interference. The VLC is a high SNR communication;
however, the high SNR is a big challenge to be achieved in
intercell interference environments, because the intercell
interference increases in high SNR.

Figure 5 is simulated at N =4 MISO system for every
cell. Figures 5-7 show that the higher-order MISO systems
increase the channel capacity specially at high SNR in cell
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FiGure 8: Channel capacity comparison of SISOWI and MISO
N, =4 at 44dB SNR.

interference regions. The center of the room is more affected
with interference because the all four cells signals are com-
bined at the center (signal overlapping). The minmum and
maximum channel capacity is observed as 3.5 bit/s/Hz and
0.75 bit/s/Hz respectively which is much higher than channel
capacity of SISO system as shown in Figure 5.

Similarly, Figures 6 and 7 is, respectively, simulated for
N;=9 and N; =16 MISO system, and it is observed that
the capacity is improved at high interference and low inter-
ference regions of the room. The SNR used in SISO are N
=4, Ny =9, while N =16 is used in the MISO system.
The high capacity is noted as N, increases. Hence, the
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FIGURE 9: Channel capacity comparison of SISOWI and MISO
N;=4at49.5dB SNR.

higher N, MISO system reduces the effects of cell interfer-
ence, particularly in high interference areas.

Moreover, this paper achieves the high SNR in cell inter-
ference environments. The MISO system is utilized to com-
pensate the channel capacity in high-interference regions.

Figures 8-10 are simulated at the diagonal of the room
by comparing the channel capacity of the MISO and
SISOWT systems. Figures 8-10 depicted that the optimum
capacity is achieved by using the MISO system. Higher-
order MISO systems are simulated by including interference
of neighbor cells. The MISO capacity is compared with
SISOWL
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Figure 8 shows that the in high-interference regions
the SISOWTI is achieved by N =4 MISO system at 44 dB
SNR. As the SNR increases the interference power
increases, therefore, Figure 9 shows N; =9 MISO system
is used at 49.5dB SNR for high-interference area to
achieve the SISOWI. Similarly, Figure 10 shows that the
51.7dB SNR required N, =16 MISO system to achieve
similar capacity response to that of SISOWI at the high-
interference area.

Figure 11 shows the channel capacity at (1.75,1.75)
location and the simulation at different SNRs using the
SISOWI and MISO systems with interference. The results
show that the highest channel capacity is achieved at N =
16 MISO system. The cell interference power increases with
increasing of SNR, however, the SNR of N; =4, N =9, and
N, =16 MISO system become constant after getting certain
level due to interference. The SISOWT increases with the
increasing of SNR.

5. Conclusion

The proposed method in this paper attained the required
capacity at high SNR by using the MISO system. The effect
of intercell interference is high at high SNR especially at
the overlapping regions. Therefore, a trade-off of the order
of MISO array is investigated at different SNRs to achieve
the interference free capacity system. The interference free
capacity is achieved at 44 dB, 49.5dB, and 51.7dB SNR in
cell interference environment at Ny =4, Ny =9, and Ny =
16, MISO system, respectively. Theoretical and simulation
capacity show that the interference is eliminated and high
SNR is achieved by using the high order of the MISO system.
The mitigation of intercell interference at high SNR by using
the MISO system outperforms the existing technique due to
the less complexity of transmitter and receiver and cell
planning.
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