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Abstract—Self-healing mechanism is one of the three func-
tionalities for self-organizing networks, and it has three major
components to be studied by the academic society: fault detection,
fault diagnosis and cell outage compensation. In this paper,
we study the cell outage compensation function of the self-
healing mechanism. In a heterogeneous network environment
with densely deployed Femto Base Stations (FBSs), we form a
resource allocation problem for FBSs and Femto User Equip-
ments (FUEs) operations using Coordinated Multi-Point (CoMP)
transmission and reception with joint processing technique. Since
the formulated problem is considered as NP hard problem,
we propose a heuristic operation scheme to solve the problem.
Simulation results show that our proposed operation scheme can
improve FUE throughput by up to 30% compared to other
solutions, and it can also prevent the system total rate loss
from having the same speed of radio resource loss when failures
happen.

Index Terms—Self-healing mechanism, heterogeneous network,
coordinated multi-point.

I. INTRODUCTION

In modern cellular networks, subscribers peak data rates
have been significantly improved with the introduction of
mobile communication Long Term Evolution (LTE) standard
and its further LTE-Advanced (LTE-A) evolution [1]. Mean-
while, mobile traffic is exponentially growing because of the
broad use of smartphones, tablets together with the ‘data
hungry’ applications. In order to meet the users requirements
and increase spectrum efficiency and network capacity per
area, mobile operators are deploying small cells overlaid with
traditional macro cells to creat a Heterogeneous Network
(HetNet) environment.

Small cells are low-powered radio access nodes that op-
erate on operator-licensed band with a transmission range of
10 meters to 1-2 kilometers. There are different small cell
categories such as micro cell, pico cell, femto cell. which
are characterized by the transmission power, antenna gain and
antenna height, etc. To successfully operate a large number of
small cell BSs and reduce mobile service providers’ network
Operational Expenses (OPEX), enabling small cell BSs with
self-organization capabilities is one promising solution.
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Self-organizing network functionalities are commonly di-
vided into three main sub-functional groups [2]: self-
configuration, self-optimization, and self-healing. In this paper,
we study self-healing solutions in HetNets. When some nodes
in the network become inoperative, self-healing mechanisms
will automatically perform fault detection, fault compensation
and recovery algorithms, aiming to reduce the impacts from
the failure. Generally, self-healing solutions can be classified
into three main categories: 1) fault detection, 2) fault diagnosis
and 3) cell outage compensation. Cell outage compensation is
performed by the system during the time period starting when
the network failure happens to the point when the network
back to normal operation, and it is supposed to compensate the
network performance degradation by using other underutilized
network resources. In most of the published research work,
the commonly used cell outage compensation approaches are
network element power management, antenna tilt, etc [3]-[7].

The main contributions of our paper can be summarized as
follows: (i) Studying the cell outage compensation function
of the self-healing solution. (ii) Proposing a cell outage
compensation scheme use Coordinated Multi-Point (CoMP)
transmission and reception [8], [9] wth joint processing tech-
nique (CoMP-JP) in networks with densely deployed small cell
BSs, such as residential areas with densely deployed FBSs.
The goal of the proposed cell outage compensation scheme
is to mitigate failure impact without manual operation and
simplify the auto-operation computation complexity.

The rest of the paper is organized as follows. Section II
introduces the system model. The formulation of the resource
allocation problem is given in Section III. Section IV explains
the proposed solution to solve the resource allocation prob-
lem. The cell outage compensation solution is provided in
Section V. The numerical results are discussed in Section VI.
Finally, the paper is concluded in Section VII.

II. SYSTEM MODEL

We consider a HetNet where Macro BS (MBS), Pico BSs
(PBSs) and FBSs overlay with each other. FBSs are deployed
within one dual strip apartment (apt) block [10]. The dual
strip apartment block model is shown in Fig. 1, where each
stripe has 2 rows of apartment building and each row has 10
apartment units. There is a 10 meters wide street separates the
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Fig. 1: Dual stripe apartment block model.
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Fig. 2: A sample plot of system model.

two strip apartments. Fig. 2 plots a system model example with
one MBS and one PBS. Users Equipment (UEs) (represented
in blue +) are uniformly scattered over the field and a small
amount of them are uniformly dropped within the coverage of
PBS to simulate a hotspot. It is assumed that one dual strip apt
block located within the field, and FBSs are randomly located
within the apt units. There are also some UEs randomly
deployed within each apt unit.

We define UEs located within apt units where a FBS is
installed as FUEs and the FUE subscribes to the FBS within
the same apt unit. Other UEs are called non-Femto UEs (non-
FUEs). In this paper, we assume that FBSs operate in hybrid
mode where they can be associated by FUEs that subscribe to
other different FBSs, but not by UEs that do not subscribe to
femto cellular service at all. We assume a perfect knowledge
of the channel gains between the BSs and their served UEs
are known to the BSs, and that each PBS, FBS, and UE has
only one single radio antenna.

III. PROBLEM FORMULATION

In this section, we formulate the CoMP-JP operation prob-
lem of all FBSs in the system into a resource allocation
problem. The received signal at FUE ¢ from FBS j is given
by

Yij = hijxi; ey

where h;; and x;; are the channel gain between FBS j and
FUE i and the signal transmitted from FBS j towards FUE
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Fig. 3: A simple FBS CoMP-JP operation example.

i, respectively. By applying a linear precoding scheme on
transmitted signals at FBSs, the transmitted signal becomes
a linear transformation of the information symbols

where s; and ¢;; are the information symbol for FUE 7 and the
precoding coefficient that FBS applied to information symbol
s;, respectively. It is assumed that E{s;s/} = 1, where (-)7
denotes the conjugate transpose, The information symbols of
different UEs are assumed to be orthogonal on each other.

In order to reduce intercell interference and improve system
throughput, we allow FBSs in the apt to form non-overlapping
clusters, and coordinate in providing service to groups of FUEs
using CoMP-JP.

Example: A simple example is shown in Fig. 3 where the
total spectrum is denoted by B. FBSs { f1, f2, f3, fa} coorper-
ate to provide service to FUES {u1, us, us, ug, us, ug, Uz, us }
using CoMP-JP. Since each FBS and FUE have one radio
antenna, a FBS cluster F = {f1, fo, f5, f4} can only provide
service to a set of FUEs g, such that |F| > |g|, where |F| and
|g| are the cardinalities of sets F and g, respectively. In order
to serve the 8 FUEs, we need to group the 8 FUEs into at least
two sets and allocate to each set different spectrum. Therefore,
we assume g1 = {u1, us, ug, ur} and go = {ug, ug, us, us},
and B, and B, are allocated to g; and go, respectively. After
the scheduling, FBS cluster F can coordinate transmitting
signals to g; on spectrum Bj, and g2 on spectrum By using
CoMP-JP. {F, g1}, {F, g2} are two CoMP operation units.

Let the group of FUEs in one CoMP operation unit that
contains FUE ¢ denoted by g¢(¢). F; is the FBS cluster in
the CoMP operation unit that provide service to g(i). Using
CoMP-JP, all FBSs within F; transmit a linear combination
of information symbols for all FUEs in g(i). The transmitted
signal of each FBS j within F; is given by

2= trjsk 3)
keg(i)
The received signal at FUE i is therefore given by

vi= Y hijzj+ Z; “4)
JeFi

= Z Z hijtkjSk—FZi (5)

JEFi keg(i)



where Z; combines the intercluster interference and noise for
FUE +.

By applying zero forcing linear precoding technique on
the transmitted signals, the interference to FUE ¢ caused by
information symbols of other UEs within ¢(7) can be cancelled
[11]. The following should be satisfied when designing the
precoding coefficients on transmitted information symbols

DY

JEF keg(i) ki

hijtkjsk’ =0 (6)

since sy, is orthogonal with s;, Vk,1 € g(i), k # I, we have
> hijtr; =0 Vk € g(i),k #i (7

JEF;

By combining (5) and (7), we have

vi= Y hijtijsi + Zi ®)
JEF:
The precoding coefficients are designed such that (7) and (8)
can be satisfied for all FUEs within ¢(3).

LTE and LTE-A spectrum are assigned in unit of resource
blocks. Assume B is the bandwidth of one resource block.
RB,(;y denotes the number of resource blocks assigned to
FUE set g(i) by FBS cluster F;. According to Shannon-
Hartley theorem, the data rate of FUE i is given by

2
1+§#ﬁ%% o)
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Rate; = RB(;y Bology
where I; denotes as the interference plus noise spectrum
density for FUE i. The operation of each FBS j in the system
is subject to power and spectrum constraints. Let F(j) be
a FBS cluster that contains FBS j, and the set of FUEs
served by F(j) are scheduled into different FUE groups
Gj = 191,92, " ,9)g,|} where |G| is the cardinality of set
G;. Each FUE group g, € G; together with F(j) forms one
CoMP operation unit. Therefore, U; = g1 U g2 U--- U gg,|
is the set of total FUEs that are served by F(j). In the
example of Fig. 3, for FBS fi, F(1) = {f1, fo, f3, fa}, and
G1 = {91,921}, and its total served FUEs set is U; = g1 Ugs =
{ul, u2, u3, ud, ud, ub, u7, u8}.

Let P; be the maximum transmit power of FBS j, then

2
Stk < Py

keu;

(10)

Let RB,, be the number of resource blocks assigned to the
FUE group g € G; by the FBS cluster F(j), then we have

> RB,, < RBJ™ Vm € F(j) (11)
gk€G;

where RB;’*" is the maximum available number of resource
blocks to FBS m .

Finally, our resource allocation problem that maximize
FUEs throughput can be formulated as follows
Z Rate;
=

maximize (12)

tij, RBg,, G5, 9(4), F(5),
Fi,VieU,vj e M

subject to:
> tii|* < Py, VjieM
1€EU;

> RB,, < min RBJ™,

m
meF(j
po=r: €))

> himtem =0, Vk € g(i),k #i,VieU
meF;
where M is the set of all FBSs in the system, I/ is the
set of all FUEs in the system. Constraints (13) and (14) are
the power constraint and spectrum constraint for each FBS,
respectively. While, constraint (15) is the zero-forcing precod-
ing requirement for each FUE. (F(j),G;) and (F;, g(i)) are
(FBS cluster, FUE group) defined from FBS and FUE point of
view, respectively. This problem is considered NP-hard mixed
integer mathematical programing problem, and it is difficult to
solve, especially in practical situations as the size of FBSs and
FUE:s is large. In the sequel, we propose an efficient heuristic
scheme that decompose the problem into sub-problems and
solve each sub-problem separately.

13)

VjieM (14)

15)

IV. PROPOSED COMP-JP OPERATION SCHEME

In this section, we propose a heuristic way (divide and
conquer) to solve the formulated problem given in (12)-(15),
where we need to find FBSs and FUEs CoMP operation
units, precoding coefficients for FBSs as well as resource
blocks allocation to optimize the objective function. The
FBSs and FUEs CoMP operation units formation involves
FBS clustering and FUE scheduling. Firstly, we perform FBS
clustering and FUE scheduling given the FBSs and FUEs
topology and transmission channel conditions. Afterwards,
the CoMP operation units can be formed. We then design
the precoding coefficients for all FBSs within each CoMP
operation unit such that the throughput of the CoMP operation
unit is maximized. Finally, spectrum allocation is performed
based on the performance of each CoMP operation unit.

A. FBS clustering and FUE scheduling

FBS with low transmission power has a transmission range
of 20-30 meters. Based on the FBSs-FUEs deployment topol-
ogy and FBSs’ low transmission power feature, we can per-
form FBS clustering as shown in Fig. 1. We first locate the
red spots in the center of each dense femto service traffic area
and their locations will accommodate the traffic dynamics. The
locations of the red spots should be properly spaced and be
at least three to four apt units away from each other. With the
red spots locations, the FBS clustering and FUE scheduling
process can be implemented in following steps
Step (1): FBS clustering. Find the N. UEs {e1,ez2,--- ,en.}
that are closest to the N, red spots locations, respectively. For
each UE e;, Vi € {1,2,---, N.}, form a FBS cluster C; of size
S that have the strongest signal power toward UE e;. S is an
integer number given by users. Let C = {C1,Cs,--- ,Cn.} be
the set of clusters in the system.

Step (2): FBS clustering refinement. Step (1) may generate
clusters that have the same FBS existing in two or more



clusters, or have some FBSs not assigned to any cluster. If
there exists FBS j that satisfies either of these two conditions,
assign it to cluster C;, where it has the strongest average per-
UE channel gain towards UEs located in the same apt units
of FBSs in C;.

Zkeu(ci) |hkj|2
U(Ci)l

where U(C;) is the set of UEs located within apt units that
deploy FBSs of C;. hy; is the channel gain of FBS j towards
UE k.

Step (3): grouping FUEs. Define Uf; as the set of FUEs
assigned to be served by FBS cluster C;, and an anchor FBS
[12] of a FUE £ as the FBS that has the strongest signal power
towards the UE. Then Uf; is the set of FUEs that their anchor
FBSs are within the FBS cluster C;.

Step (4): FUE scheduling. For each C; € C, divide its UE
set U; into subgroups G; = {g1,92, - ,9|g,|}» With each
subgroup having a UE size which is the same as the FBS
size of the cluster C;:

Ui
1=
%=1
the dividing process of f; is random, and we just need to
make sure the maximum subgroup size is |C;|. The size of one
subgroup can be less than |C;|. Now FUE set I; is scheduled

into |G;| subgroups, and each subgroup g € G; together with
the FBS cluster C; form one CoMP operation unit.

(16)

C; = arg max
i gc,;ec

a7

B. Power Allocation and Precoding Coefficients Calculation

After FBS clustering and FUE scheduling, we reformulate
problem (12)-(15) as follows

Z Z Rng Bo:

C;eCyg;€q;

maximize
tkm, RBg;,Vk € gj,

Vg; € Gi, Vm € Cy,

VC; € C
2
|Z cC; hkmtkm‘
> log, (1 4 =
= IxRBy, By
(18)
subject to:
SO Jtkml* < Py ¥meCi,¥Ci€C (19)
9;€G: keg;
> RBy, < min RBJ™, VC;€C (20)

mecC;
g,-egi ¢

> himtin =0,V € g;,1 # k,Vk € g;,Yg; € Gi,¥C; € C
meC;

2y

The problem is still nonconvex, mixed integer mathematical
programming problem. We can further decompose the prob-
lem. We first consider solving the above problem by setting
RBy, = 1,Yg; € G;,Vi € {1,2,---,N.}, which is to
maximize the sum rate of all CoMP operation units in the

system on one resource block. We then do resource allocation
on each CoMP operation unit later on.

After setting the RB,, = 1,Vg; € G;,Vi € {1,2,---,N.},
the resulting problem can be divided into >, ;5 .. v,y |Gl
subproblems, and one such subproblem of maximizing the
throughput of one CoMP operation unit (FBS cluster C;, FUE
group g; € G;) on one resource block is as follows

2
> Bolog, (1 - | Emec, Mmtin| )

tkn,lfxvlgnelzgi, IkBO
Vm € C; keg;
(22)
subject to:
> Jtkml® < I vmec, (23)
~ RBmasz’
keg;
> hkmtim =0, VIE€ gl #kVk€g; (24)
meC;

We assume that the FBS spreads its power on its available
resource blocks evenly. Therefore, equation (23) has a power
constraint of 7 g;;;w . In our model, we assume RB] " Vm €
C;,VC; € C are the same, and are defined as RB™%*. Problem
(22)-(24) can be converted to a convex optimization problem
according to reference [11]. Given perfect knowledge of the
channel conditions between FBSs and FUEs, we can solve
problem (22)-(24) using CVX [13] or other convex problem
solvers.

C. Resource Allocation

We consider proportional fairness on the resource allocation
problem. For a FBS cluster C;, the resource blocks scheduled
to each UE group g; € G; are proportional to spectrum
efficiency sum of all UEs in each group g;. Let SE;, be
spectrum efficiency sum of all UEs within group g;. Then

SE, = > log(1+ SINRy) Vg; € Gi
keg;

(25)

where SIN Ry, is the signal to interference plus noise ratio
of FUE k. The number of resource blocks assigned to each
group of FUEs is

SE,,
ng €G; SE-%

The remaining resource blocks RB™%* — > 9,€G:
be added to each subgroup in a round-robin way.

RB,, = {RBW“ Yg; € G (26)

RB,, will

V. CELL OUTAGE COMPENSATION SOLUTION

In our CoMP operation unit formation, clusters of FBSs are
formed independently from each other, and the FUEs sets of
any two CoMP operation units are nonoverlapping. If one FBS
suffers from any failure, it will only affect the operation of the
CoMP operation units it works in, meanwhile reduce the inter-
cluster interference to FUEs within other CoMP operation
units.

To perform quick failure compensation, the affected CoMP
operation units will maintain their FBS clustering groups



TABLE I: FUE average rate loss with different FBS failure probability

Failure Probability | 0 | 0.01 0.02 0.03 0.04 0.05 0.06 | 0.07 | 0.08 0.09 0.1 0.2 0.3 0.4 0.5
Rate Loss 0 | 0.019 | 0.010 | 0.025 | 0.043 | 0.039 | 0.048 | 0.06 | 0.079 | 0.065 | 0.075 | 0.123 | 0.187 | 0.244 | 0.334
unchanged, but re-perform FUEs scheduling, precoding coeffi- 10 %108

cients calculation as well as resource allocation as introduced
in previous sections. For example, in Fig. 3, we have two
CoMP operation units: {C1,91}, {C1,92}, where C; is the
FBS cluster {f1, f2, f3, fa}, g1 and go are the FUEs groups
{u1,us, ug, w7} and {us, uy,us, us}, respectively. When FBS
f1 fails, we maintain the FBSs C; = {fa, f3, f4} as the new
cluster, and re-group the FUEs using the proposed schedul-
ing scheme in Section IV. In this example, we have three
groups: g1 = {U1, us, U7},gg = {UQ,U,6,U8},Q3 = {U4,U5}.
Therefore, three different CoMP operation units are formed:
{C1,91}, {C1,92}.{C1, g3}, and each of which has to perform
precoding coefficients calculation as well as resource alloca-
tion before they can operate successfully.

The two different cases considered in real implementation
of failure compensation are given as follows:
Case 1: At least one FBS in the FBS cluster suffering from
failure is still functional . The compensation operation is: keep
the FBS cluster unchanged, and re-perform UE scheduling,
precoding coefficients calculation and resource allocation.
Case 2: All FBSs within the FBS cluster fail. Then the FUEs
served by the FBS cluster be handed over to the MBS or PBS
with the strongest signal strength.

VI. NUMERICAL RESULTS

In this section, we study the performance of our proposed
CoMP-JP operation scheme. In MATLAB platform, we set up
one MBS, one PBS and one dual strip apt block. Each apt
unit has 0.8 probability of installing one FBS. We deploy two
UEs in every apt units (80 UEs in total located within the apt
block). There are another 60 UEs deployed outside the apt
block. UEs deployed outside the apt block or deployed in apt
units that have no FBS installed can only associate with MBS
or PBS.

The simulation has a carrier center frequency of 2 GHz, and
10 MHz total spectrum bandwidth. The transmission powers
for FBS, PBS and MBS are 20 dBm, 37 dBm, and 46 dBm,
respectively, and their corresponding antenna gains are 5 dBi,
5 dBi, and 15 dBi, respectively. The UE antenna gain is 0
dBi. The noise power spectrum density is —174 dBm/Hz.
The propagation loss model, shadowing fading model and the
penetration loss model between BSs and UEs are taken from
reference [10] (refer to [10] for more details).

For comparison purpose, we apply two other solutions to

the same simulation setup:
Comparison solution 1 (CSolul): in normal operation mode,
a FUE will associate with the FBS located within the same
apt unit as the FUE. Other non-FUEs will associate with the
MBS or PBS with the highest signal strength. When a FBS
failure happens, the FUEs suffering from failure will associate
with the BS (FBSs that are still functional, PBS or MBS) that
provide them with the strongest signal power strength.
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Comparison solution 2 (CSolu2): in normal operation mode,
the UEs behave the same as in CSolul. However, when a
FBS failure happens, the FUEs suffering from failure will only
associate with MBS or PBS with highest signal strength.

We assume the system environment is quasi-static (the
devices locations and the channel gains remain static during
the process of calculation). For a given simulated system
environment, we apply our proposed CoMP-JP operation
scheme and the CSolul and CSolu2 under different FBS
failure probabilities, and calculate the achievable rate of each
UE within the system. We instantiate 100 different system
environments and calculate the sum rate of different groups
of UEs in the system averaged over the 100 environments.

Fig. 4 gives the results of sum rates of FUEs under dif-
ferent FBS failure probabilities. Our proposed scheme shows
up to 30% performance improvement compared to CSolul
and CSolu2. CSolu2 compensates the rate loss by handing
all FUEs suffering from failure to MBS and PBS. CSolul
allows FUEs suffering from failure to be handed over to
other FBSs as well as MBS and PBS. CSolu2 outperforms
CSolul in Fig. 4, which suggests that using available FBS
resources to compensate rate loss without applying CoMP-JP,
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will cause more rate loss on FUEs sum rate than using other
BS resources.

Table I lists the percentage of FUEs sum rate loss under
different FBS failure probabilities with our proposed CoMP-
JP operation scheme. The results show that when FBS failure
probability is up to 50%, the FUEs sum rate has only 33.4%
rate loss. Our proposed scheme can prevent rate loss from
having the same speed of radio resource loss, mostly by using
available FBS resources within the system.

Fig. 5 shows the results of sum rate of non-FUEs outside
residential area. The failure of FBSs will decrease the inter-
ference suffered by these non-FUEs, hence resulting in rate
increment. However, due to the failure of FBSs, more FUEs
are handed over to MBS and PBS, resulting in resource blocks
decrement to non-FUEs, hence resulting in rate loss. The
decreasing trend of those rates along failure probabilities axis
suggests that the non-FUEs rate loss due to resource blocks
decrement per UE is more severe than the rate increment
offered by decreased interference suffered from FBSs.

Fig. 6 shows that the sum UE rate of non-FUE subscribers
within residential area will increase with the increment of
FBS failure probability. Due to FBS failure, the suffered
interference by non-FBSs within the residential apt units will
decrease greatly. CSolu2 gives lower sum rate than our pro-
posed solution and CSolul, because when FBS fails, CSolu2
will hand over all FUEs suffering from failure to MBS and
PBS, and results in more resource blocks reduction of non-

FBSs within residential area.

Fig 7 shows the total system throughputs with different FBS
failure probabilities. The sum rates of all UEs in the system
have the same trends as the FUEs sum rates shown in Fig. 4.
Comparing the sum rates in Fig. 4, Fig. 5 and Fig. 6, we see
that the sum rate of FUEs is much higher than both the sum
rate of non-FUEs outside residential apt units, and non-FUEs
within the residential apt units. This comparison shows that
FBSs can provide higher rates to UEs than MBSs and PBSs.
This justifies the increasing popularity of deployment of small
cells in reality.

VII. CONCLUSION

In this paper, we proposed a CoMP-JP operation scheme
for FBSs to perform during both normal operation mode and
cell outage compensation mode. we showed that our proposed
CoMP-JP operation scheme provides a better performance
comparing with other proposed solutions in the literature.
Moreover, the proposed scheme proved the failure compen-
sation capability by preventing the system sum rate loss from
having the same speed of radio resource loss, and this is done
without using additional radio resources and will not impair
the performance of other UEs.
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