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ABSTRACT

A downlink of small-cell network is studied in this paper studies in term of outage
performance. We benefit by design of multiple antennas at the base station and full-
duplex transmission mode. The scenario of multiple surrounded small-cell networks
is considered to look the impact of interference. We derive the closed-form expression
of outage probability to show performance of mobile user. We investigate target rate
is main factor affecting to outage performance. According to the considered system,
simulation results indicate reasonable value of outage probability and throughput as
well. Finally, Monte-Carlo simulation method is deployed to determine exactness of
main results found in this article. Finally, the considered system can exhibit improved
performance if controlling interference term.
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1. INTRODUCTION
To satisfy increasing data transmission, we need to develop effective techniques. In particular, the

deployment of wireless networks, internet-of-things (IoT) paradigm has been implemented with massive nodes
in nature of highly dense and heterogeneous [1]. Backhaul links between small-cells, and macro-cells are
needed to support massive connections. The heterogeneous networks (HetNets) is concept of dense users
in wireless systems, high data rates, and broadband communications [2]. It is high cost as deploying the
traditional wired backhaul network and huge investment to sustain the large-scale wired links requirements
[3]-[5]. In past decade, small cells are suitable to design the next generation wireless systems. Compared
with the conventional macro-centric networks, small cells exhibits coverage improvements, and an easy and
cost-efficient implementation For high capacity demand [5], [6].

Recent research on system model and analysis of HetNet are performed based on stochastic geometry
tool [7]-[10]. Using these tools, HetNet has been carried out to exhibit its performance with comprehensive
modeling and analysis [11]-[15]. To minimize transmission errors under limited backhaul, the authors Zhou et
al. in [16] have presented an edge caching approach with optimal cache placement

Sobhi-Givi et al. in [17], the authors studied HetNet with a machine-to-machine (M2M) scheme
together with mm Wave-NOMA transmission. In such, the same resource block (RB) is shared with machine
type communication (MTC) devices, and small cell users (SCUs) to improve the network capacity. In other
work, a small-cell network was studied in the context of HetNet for both downlink (DL), and uplink (UL). The
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practical scenarios are expected to address multiple connections. To facilitate such demand, non-orthogonal
multiple access (NOMA), full-duplex transmission, and energy harvesting could be implemented [18], [19].

It is possible to implement IoT system along with low-powered sensors, small cells is known as effec-
tive model. Such small cell shows superiority compared to the conventional macro cell relying on high-power.
The missing issues should be addressed and these concerns motivate us to explore the system performance
of HetNet under impacts of interference sources [20]-[23]. Motivated by these recent papers, we expect to
examine outage probability and throughput of the small-cell system in this article.

2. SYSTEM MODEL
This paper considers performance of a downlink in small-cell network which has interference im-

pact from N surrounded small-cell networks. We denote wireless channels among these nodes as Figure 1.
To be specific, we adopt two groups of antennas for the considered base station TSBS (K receive anten-
nas and M transmit antennas). In this circumstance, the antenna selection paradigm is also applied. The
corresponding channel gains γu = |hu|2 are independently exponentially distributed with mean of λu, u ∈
{MSk,MU,BjSk, BjU, SiU} respectively [24]. It is noted that hSiSk is self-interference of full-duplex (FD)
adopted at small-cell base station TSBS.
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Figure 1. Small-cell with backhaul link and FD

Assuming a couple of antennas is decided (k-th receive and i-th transmit antennas), the received signal
is formulated by:

yBk =
√
PMhMskxM +

N∑
j=1

√
PShBjSkxBj +

√
PShSiSkxS + nSk , (1)

where nSk is denoted as additive white Gaussian noise with mean power N0, while PM and PS stand for the
the normalized transmission powers at the MBS and TSBS, respectively.

yUi =
√
PShSiUxS +

N∑
j=1

√
PShBjUxBj +

√
PMhMUxM + nU . (2)

Then, we compute signal to interference plus noise (SINR) at TSBS and TU respectively as:

γ̄Bk =
γ̄MSk∑N

j=1 γ̄BjSk + γ̄SjSk
, (3)

γ̄Ui =
γ̄SiU∑N

j=1 γ̄BjU + γ̄MU

. (4)
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To look on end-to-end transmission, the system is considered as a relay scheme and SINR for the whole system
is formulated by:

γ̄H = min(γ̄Bk , γ̄Ui). (5)

It is worth noting that antenna selection criteria depends on the ability of maximal SINR, the selected transmit-
ted antenna (St) and received antenna (Sr) are described respectively as.

S∗t = arg max︸︷︷︸
i∈(1...M)

γ̄SiU∑N
j=1 γ̄BiU + γ̄MU

, (6)

S∗r = arg max︸︷︷︸
k∈(1...K)

γ̄MSk∑N
j=1 γ̄BjSk + γ̄StSk

. (7)

3. OUTAGE PROBABILITY ANALYSIS
The outage probability (OP) is often used to determine performance of user TU, it is formulated by

[20]-[26].

PFDout (εth) = Pr(γ̄H < εth), (8)

where εth = 2R − 1 with R being the target rate. We have the following result of OP in case of less impact of
interference from surrounded small-cell network [24].

Proposition: At FD mode, the considered small-cell network in downlink transmission has OP as [24].

PFDout = 1−

[
1−
(

γthλSiSk
γthλSiSk + λMS

)K]
.

1−
M∑
l=0

ClM (−1)
l λSiUe

− γthl

λSiU

γthlλMU + λSiU

 , (9)

where ClM−1 =

(
M − 1
l

)
.

Proof: Similarly, we have OP performance in HD mode is being as:

PHDout (γth) = 1−
[
1−

(
1− e

γth
λMS

)K] [
1−

(
1− e

γth
λSiU

)M]
. (10)

3.1. Throughput
Based on obtained OP, we consider further metric, i.e. throughput in FD and HD mode are respectively

computed by [20]-[23].

TFD = R(1− PFDout (γth)), (11)

THD =
1

2
R
(
1− PHDout (γth)

)
. (12)

3.2. Proof of proposition
Our computations rely on the probability density function (PDF) of

∑N
j=1 γ̄BjSk and

∑N
j=1 γ̄SiU . It is

noted that f∑N
j=1 γ̄BjSk

(y) = e
− y
λBjSk yN−1

λNBjSk
Γ(N)

and f∑N
j=1 γ̄SiU

(z) = e
− z
λBjU zN−1

λNBjU
Γ(N)

, respectively, in which Γ(x)

denotes the gamma function. Also, it is important to compute the cumulative distribution function (CDF) of ȳ2

and ȳ3 which can be obtained as.

FY2(y2) =
γ
(

y2
λBjSk

, N
)

Γ(N)
− yN2 e

−y2
λBjSk

yNBjSkΓ(N)N
. (13)

and
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FY3(y3) =
γ
(

y3
λBjU

, N
)

Γ(N)
− yN3 e

−y3
λBjU

yNBjUΓ(N)N
. (14)

where the lower incomplete gamma function is denoted by γ(a, b).

Further, the PDF of x1 can be obtained as fX1
(x1) = M

λSiU

∑M−1
r=0

(
M − 1
r

)
(−1)

r
e
− (r+1)x1

λSiU . We

recall SINRs is being as:

γBk =
γMSk∑N

j=1 γBjSk + γSjSk
, (15)

and

γUi =
γSiU∑N

j=1 γBjU + γMU

. (16)

We set x̄ = γ̄MSk , ȳ =
∑N
j=1 γ̄BjSk , x̄1 = max

i∈[1,...,M ]
{γ̄SiU}, ȳ1 =

∑N
j=1 γ̄SiU , ȳ2 =∑N

j=1 γ̄BjSk + γ̄SiSk and ȳ3 =
∑N
j=1 γ̄BjU + γ̄MU . The CDF of γ̄MSk and max

i∈[1,...,M ]
{γ̄SiU} are given

by Fγ̄MSk (x) = 1 − e−
x

λMS and F max
i∈[1,...,M]

{γ̄SiU}(y) =
∑M
r=0

(
M
r

)
(−1)re

− ry
λSiU , respectively. Next, let

ω̄2 = max
k∈[1,...,K]

(x/ȳ2), the CDF of ω̄2 is given as [24].

Fw2(ω2) =[

∫ ∞
0

fX(x)FY2(ω2/x)dx]
K

=

[
1−

(
λMS

ω2λBjSkλMS

)N+1
]K

.

(17)

Then, we let ω̄3 = x1/ȳ3. In next step, the CDF of ω̄3 can be obtained as.

Fw3(ω3) =

∫ ∞
0

fX1(x1)FY3(ω3/x1)dx1

=
∑M

l=0
ClM (−1)

l

(
λSiU

ω1lλBjUλSiU

)N+1

.

(18)

Finally, let z1 = min(ω̄2, ω̄3), and use (17) and (17), the CDF of z1 can be obtained by FZ1(z1) = 1 − (1 −
FW2(ω̄2))(1− FW3(ω̄3)).

4. NUMERICAL RESULTS
In this section, we perform Matlab simulation to versify derived expressions. To confirm results in

computations, we conduct the simulations by averaging 106 independent runs. Further, we set λMS = λSiU =
30 (dB), λBjSk = λBjU = 15 (dB), λSiSk = 5 (dB), λMU = 10 (dB), and RT = 2 [b/s/Hz]. K = M = 3 and
N = 3 except for specific case mentioned later.

Figure 2 depicts the OP curves would be worse at high target rateR. It is worth noting that higher num-
ber of neighbor small-cell networks leads to worse OP performance. The reason is that high noise makes signif-
icant change on OP of downlink related to TSBS. We can conclude that FD contributes to improve throughput
at low level of self-interference, as illustration in Figure 3 and Figure 4. It is obvious, system with HD mode
exhibits straight lines while system with FD mode reduces its performance at high value of λSS .

Figure 5 depicts impact of target rate on throughput performance. It is intuitively seen that maximal
throughput can be achieved at specific value of rate. It can be seen throughput increases if we increase the
number of antennas equipped at the TSBS, as Figure 6. However, when the number of antennas is greater than
7, our system is limited by other parameters such as target rates, and hence performance remains stable.
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Figure 2. The impact of target rate on OP performance
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Figure 3. Comparison on throughput of small-cell with FD and HD modes versus λ−MU
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Figure 4. Comparison on throughput of small-cell with FD and HD modes versus λ− SS
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Figure 5. Throughput of small-cell versus target rate
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Figure 6. The impacts of number of antennas configured at TSBS

5. CONCLUSION
This paper has studied the combination of multiple antennas design and full-duplex to evaluate per-

formance of such a small-cell network in the context of many surrounded small-cell networks. The outage
probability of one user in the downlink has been derived to investigate which parameters make impacts on
system performance. As important result, our simulation results coincide with the theoretical derivations very
well. In addition, it has been shown that FD mode gives benefits to such small-cell network if we control
limitation of self-interference due to FD. We further examine the throughput under impact of target rate and
channel gains.
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