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Abstract

The heterogeneous network with the separation of the control plane and user plane (C/U) is an

evolutionary approach to the fifth generation (5G) to achieve high system coverage and capacity. To

minimize signaling load of the core network when there is a macro base station ( BS) failure in the

control plane, a scheme of transferring the control of small cells under the coverage of the failure

macro BS to the neighbor macro BSs is proposed. The average handover rates between small cells re-

lated to user mobilities, the extended coverage of the neighboring macro BSs under the constraint of

transmitting power and the load balance index of the system are analyzed, based on which the formu-

la of maximizing the handovers processed by macro BSs is constructed and further solved by the con-

vex optimization methods. Simulation results indicate that the proposed scheme can effectively in-

crease the total handovers processed by the macro BSs and thus reduce the signaling load of the core

network.
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0 Introduction

The architecture of separated control and user
planes is applied in 5G'"" | where the macro base sta-
tions (BSs) in the control plane manage the mobility
and connectivity, while the small BS within each small
cell in user plane provides high data rates transmis-
sion'?

In these heterogeneous networks, some existing
work has been done on the management optimization
and failure fixing. In Ref. [3], a new session restora-
tion procedure is introduced for serving gateway
(SGW ) failure based on the next generation Evolve
Packet Core (EPC) architecture to significantly reduce
the signaling overheads in the core network. In
Ref. [4], based on the heterogeneous networks and
small BSs deployment characteristics, an algorithm was
proposed to switch on or off the small BSs automatically
to achieve higher efficiency and lower power consump-
tion in 5G networks. In Ref. [5], an energy efficient,
low-complexity technique for load-based sleep mode
optimization is introduced in dense small cell networks.
It defined an analytic model to characterize the distri-
bution of the traffic load of a small cell and achieved

the highest throughput. In Ref. [6], a C/U communi-
cation network paradigm was considered that a large
number of small base stations were deployed within the
coverage area of a macro cell. However, it did not an-
alyze it from the practical aspect of user movement. In
Ref. [7], a small cell controller (SCC) scheme was
proposed to solve the macro BS failure in control
plane, where the backup BS around the macro BS was
set up to take over the controls automatically. Howev-
er, this involved facility increasing and energy con-
sumption as well as the coverage limitation of backup
BSs.

In this paper, a scheme of optimally selecting
neighbor macro BSs is proposed, where the control
plane of users interrupted under the coverage of failure
macro BS will be transferred to the selected neighboring
macro BSs for the communication recovery. To give the
optimal selection, the average handover rates between
these small cells are analyzed based on the user mobili-
ties as well as the extended coverage of the neighbor
macro BSs under the constraint of transmitting power.
According to the analysis, the maximization of han-
dovers processed by macro BSs is formulated under the
constraint of load balance index, which is solved by
slacking the variables and the convex optimization
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methods. The simulation results show that the proposed
scheme can effectively reduce the signaling load of the
core network.

The rest of this paper is organized as follows. Sec-
tion 1 introduces the system model of macro BS failure
in the 5G heterogeneous networks. Section 2 presents
two approaches to handover and the corresponding
number of signaling processed in the core network. In
Section 3, a scheme of selecting the neighboring macro
BSs is proposed to take over the handovers, where the
model of maximizing handovers processed by macro BSs
is constructed. The simulation results are given in Sec-
tion 4 and in Section 5 the paper is concluded.

1 System model

An issue of a macro BS failure in the heterogene-
ous cellular 5G networks is considered and the system
structure is shown in Fig. 1. In normal state, there are
M + 1 macro BSs operating in the control plane, deno-
ted as {B,, B,,:-, By}, each of which covers N small
cells with the small BSs managing the user plane.
Here, macro BS B, is assumed to fail, and thus users
associated with small BSs {b,,b,,+-,by| within the
range of macro BS B, need to select neighbor macro
BSs {B,,

small BS connected directly to the core network will in-

,B,} for their control, otherwise their

crease the signaling load of the core network. A binary
decision variable b,, is used to describe this process,
expressed as follows ;

bim = {1
0

if small BS b, select macro B,

(1)

otherwise

SE0800000TE

e SA0000C

Fig.1 The macro BS failure in the 5G systems
2 Handover and signaling

Due to the limited coverage and control resources
of the neighbor macro BSs, it is impossible that all us-
ers will be served by a single neighboring macro BS.
Therefore, different selections would lead to different
handover statistics and different signaling load of the

core network ®’. Here, two kinds of handovers are

considered.

In the first one, two neighboring small cells select
the same neighbor macro BS, where the handover sig-
naling is forwarded to the macro BS instead of the core
network when a user moves between these two small
BSs. The handover in this case does not cause any sig-
naling load of the core network.

In the second one, when two neighboring small
cells select different macro BSs and there is a user
moving through the macro cells, the handover signaling
will be forwarded to the core network. In this situation,
the mobility management entity ( MME ) of the core
network needs to process S = 4 handover signaling, in-
cluding path switching request, path switching request
response , user plane update request and user plane up-
date request response signaling'’’. Frequent handover
in this case will lead to a heavy signaling load in the
core network.

3 Neighbor macro BSs selection algorithm

3.1 The average handover rate
In the analysis of the handover rate, it is assumed
that there are u, users within the range of the small BS

b

tion of small BS b, since the difference is relativly far
L10]

and their locations are simplified equal to the loca-

i
small. User mobilities follow the fluid model in
which the average velocity of u; users is denoted as v, ,
and the moving direction of u; users are uniformly dis-
tributed in [0, 21r]. Thus, the average mobile cross-
ing rate R, of users in small cell b, is given as
u,;Cv,

R, = ﬁ (2)
where C is the perimeter of small BS b,, and r is the ra-
dius.

Since there are six cells around small cell b, and
user moving directions are uniform, thus the handover
time between small BSs b, and b, is in unit time, in oth-
er words, the average handover rate R is

1 .
R; = gpcow(Ri +R),1el, N,
jel, N ,i#j (3)
where P,y is the probability of users in the connection
state, and N’ represents the number of neighbor small
BSs taken into account when calculating the average
handover rate.

3.2 Transmit power control

To support the users in the failure area, the
neighbor macro BS must extend its coverage, which is
discussed here based on the coverage compensation
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"1 Two schemes are considered that pro-

technology
vide M macro BSs and M/2 macro BSs respectively to
be selected. Note the M/2 macro BSs are nonadjacent
to each other and have less load of control resource
compared with the remaining macro BSs.

The maximum compensation radius of macro BS

B
macro BS B, and small BS b,, depends on the maxi-

which is also the maximum distance d, between

m

mum transmit power of the macro BSs. Based on the
path loss model and the uplink and downlink of the

system, d__ is given as follows ! ;
(P, -P,) =37.6lg(d,,) —37.6lg(R) (4)
where P, =46 dBm is the maximum transmit power of

the macro BSs while P, =34 dBm is the power in the
normal working state. R is the radius of macro BS. Be-
sides, to ensure that no cover holes exist, the compen-
sation radius of macro BS needs to meet d,,, = 2R.

Therefore , the distance between macro BS B, and small

1s written as

max

BS b, within the maximum distance d

blmdlm = d max 5
2R <d,, <2.085R (3)

3.3 Load balance index

The load balance index measures the performance
of loading of macro BSs, which is defined as Jane’ s
fairness coefficient!"” .

(Y p)’

— meM (6)

MY (p,)’

meM
where p,, is the load level of the macro BS B,,. Assum-

ing the resources in the control panel exhausted by con-
nected users are almost equal, the load level p,, can be
denoted by the number of users served by macro BS

B .

p, =1 con (U, + E b,,u;)
ieN
(7)

U, = 2 u;

teN

where U, is the original number of users before cover-
age extending, U, is the number of users in failure
macro BS B,.
can be written as

Subsequently, the load balance index

(Uo + 2 U’

meM (8)
2 (U, + X byu)’
meM ieN

The range of the Jane’ s faimess coefficient L is
[1/M,1], where the higher value indicates the more
balanced load. Here, the minimum load balance index
wins Luin € [1/M,1] to manage the con-

straint condition L = L

is set as L
which can be rewritten as

min 9

follows :
Y (U, + Zblmuz) (U, + Y U,)*
meM mm meM

(9)

where U = U, + Z U,, is the total number of users in

meM

the system.

3.4 Selection of the neighbor macro BSs

As discussed previously, different selection would
lead to different handover statistics and different signa-
ling load of the core network. Here, our objective is to
minimize the signaling load of the core network, which
encourages the users in neighboring small cells with
higher average handover rate to select the same macro
BS. The more handovers the macro BSs process, the
There-
fore, the optimization problem is expressed as follows:

> X Rbb,

meMieN jeN
j>i

s.t. Cl:b,d, d

im™im = max

less the signaling load of the core network is.

10
€2: ¥b, =1,VYieN (10)
meM
C3:b5, € 10,1} , VmeM
C4:. L=1L,
® In the objective function, ifb,, = 1and b, =

1, users in small BS b, and small BS b; will select the

same macro BS B . in which the handover is R.., as

m Lj b
shown in Eq. (2), which also means there is no signa-
this han-

dovers will be across two macro BSs and submitted to

ling added to the core network. Otherwise,

the core network.

® In constraint condition C1, b, d,, < d,, re-
quires the user being allocated withln the coverage of
the selected macro BS.

® In constraint condition C2, for the binary varia-

ble b,, in the {b,, b,, "

1

, by}, only one of them is
set to 1 and others are set to 0.

® [n constraint condition €3, the value of b,, can
only be 1 or O to indicate the selection or not.

® In constraint condition C4, use the constraint
conditionL = L

ment.

to describe the load balance require-

To solve this optimization, b, is released to the

im

real value variable 0 < b, < 1, which can be consid-

ered as the weights of small BS b, selecting the macro
BS B,,. Correspondingly, the constraint condition chan-
ges to
3:0<b,<1,VieN,meM (11)
At this moment the optimization in Eq. (10) with
the refined constraint in Eq. (11) is a constrained non-
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linear programming convex optimization problem, which
can be solved by linear programming convex optimiza-
tion methods'™’. Since, the value of decision variable
> 0 for a
single small cell ¢ and also the C1 partially lose its con-

has been relaxed, there must be several b,,
straint, therefore, suboptimally for the final decision
the small cell i is allocated to macro BSm ™ ;

m”* = argmax(b,, +8)I'(d,,. -d,,0) (12)

max

where arbitrary small value § is added to define I'(d,,,,
-d,, ,0) =1whend,, —-d, =0, otherwise I'(d,,, —
d, ,0) =0.

Besides, to evaluate the performance, the total

handovers R,,,, R,. = Z Z ZR,-/- and the opti-

meMich jen’
[ >1

mized value of the objective functi(;n Eq. (10) denoted

as R,, are got. Thus, the number of handover signaling

- R,), and

the ratio of the handover processed in macro BSs to the

total handovers is R, /R

processed in the core network is 4(R,,,

total *

4 Simulation results

There are 7 macro BSs (M = 6) and N = 19 small
BSs in the coverage of each macro BS, as shown in
Fig. 1. And the users have four types of services:
voice, streaming media, social network and back-
ground traffic. According to the parameters of the serv-
ice model | the probability in connected state is set
as Py = 0.464.

The radius of the small BS is r =125 m and the
radius of macro BS is R = 4r =500 m. Therefore, the
constraint 2R < d,,, < 2.085R can be rewritten as

/57r <d,, <1.04 /57r. To reduce the power con-

sumption of the system, the maximum distance is set as

d,,. = /57r. The average velocities of users are be-
tween 0 — 108 km/h, which are further divided into
three types: low velocity 0 —36 km/h, medium veloci-
ty 36 —72 km/h and high velocity 72 - 108 km/h. The
total number U of users in the system is between 2 x
10° =50 x 10°. The minimum load balance index L,
is set to 0.6 for the system performance evaluation.

It shows in Section 3. 4 that the total handovers
R,, of macro BSs proposed is affected by the total num-
ber U of users, the average velocity v,, the minimum
load balance index L, and the number of selected
macro BSs( M or M/2 ). The existing scheme of the
small BS automatically taking over their control planes
in the standard of next generation mobile network
(NGMN) brings 4R

and the existing SCC scheme does not increase the sig-

, signaling to the core network,

lota

naling but cost backups. Thus, in order to prove the
effectiveness of the proposed algorithm under the same
conditions, the proposed scheme and the static uniform
scheme, (the small BSs are uniformly divided to the
macro BSs based on the distance, as seen in Fig.2)
are presented, respectively with M macro neighbor BSs
and M/2 neighbor macro BSs, which are referred to
proposed scheme 1, proposed scheme 2, traditional
schemel and traditional scheme 2.

(a) Traditional scheme 1

(b) Traditional scheme 2
Fig.2 The deployments of the traditional schemes

The deployments of traditional scheme 1 and
scheme 2 are given in Fig.2, where the small BSs orig-
inally covered by the failure macro BS are transferred
to different neighbor macro BS (in different colors). It
shows that small cells {b,, by, byl , {b;, by, by},
{bl’ b4’ b129 bl}f ’ “75’ bl4’ bls% ’ %b67 bl6’ bl7}
and {b,, b,g, b,,! selectB,, B,, B;, B,, B;and B, in
traditional scheme 1 respectively. And the small cells
{b29 b3’ bS’ b‘)’ b109 blf)} ’ %b17 b47 bS’ b119 b129
by, byt and {bg, by, bis, by, by, by} select By,
B, and B; in traditional scheme 2 respectively.
processed by macro BSs

Fig. 3 plots handovers R

op
with the increasing users having the lower average ve-
locity in O —36 km/h. Tt shows that when the number

250
—©&— The proposed scheme 1

--—=-— The traditinal scheme 1
—+H&— The proposed scheme 2

L The traditinal scheme 2 7]

—_

w

(=}
T

100

50

The number of handover per second
in the macro BSs

0 i i i i
2000 14000 26000 38000 50000

The number of the total users

Fig.3 The handovers processed by macro BSs versus

the number of users
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of users changes from 2 x 10° to 50 x 10*, the han-
dovers in the four schemes are getting higher. Moreo-
ver, the total handovers operated by macro BSs in the
proposed scheme 1 is higher than all the other

schemes. Hence the handovers of R,,,; — R, transferred

total
to the core network in the proposed scheme 1 is the
lowest. Besides, the value of R, in proposed scheme 2
is also higher than traditional scheme 2, which means
the proposed scheme brings lower signaling load 4 (R,
- R,,) in the core network. The more users in the sys-
tem, the more improvement are provided by the pro-
posed schemes than the traditional schemes.

Fig.4 gives the ratio R, /R, versus the total
number of users, with the same simulation parameters

in Fig.3. It shows that the ratio R, /R

op” Rl i proposed
scheme 1 is still the highest among the schemes, which
means that about 70% percent of the signaling in the
control panel is processed by the macro BSs, steadily
even when there are more users. Due to the less neigh-
bor macro BSs in proposed scheme 2, there is a lower
ratio in the case of few users, and gradually outper-

forms traditional schemes along the user increasing.

1_

095
—©&— The proposed scheme 1

0.9 -+ The traditional scheme 1

| —B— The proposed scheme 2
-—-— The traditional scheme 2

The ratio of proposed handover rates to the total

5 L 1 1 1
2000 14000 26000 38000 50000
The number of the total users

Fig.4 The ratio R, /R,,, versus the number of users
Fig.5 plots the total handovers R,, processed by
macro BSs versus the increasing users with different ve-
locities from low velocity 0 =36 km/h, medium veloci-
ty 36 — 72 km/h to high velocity 72 — 108 km/h. It
shows there are more handovers operated by macro BSs
in the proposed scheme than that in the proposed
scheme 2 when users are within the same level of ve-
locity. For the performance in different velocities, the
higher velocity triggers high value of R, in the proposed
schemes, meaning the lower signaling load 4(R

total

R,,) in the core network.

600 -

—©— The proposed scheme 1 (v=72~108 km/h)
I —5— The proposed scheme 2 (v=72~108 km/h)
—+— The proposed scheme 1 (v=36~72 km/h)
—*— The proposed scheme 2 (v=36~72 km/h)
—<— The proposed scheme 1 (v=0~36 km/h)
—V— The proposed scheme 2 (v=0~36 km/h)

W
(=3
S

B

[=3

[=}
T

in the macro BSs
) w
S S
3 3
: :

The number of handover per second
=
(=)

0@ s . L
200 14000 26000 38000
The number of the total users

500000

Fig.5 The handovers processed by macro BSsversus the total

number of users with different velocity

Fig. 6 shows the value of load balance index L ver-
sus the number U of users with different velocities. It
can be seen that when users increase from 2 x 10° to 50
x 10, the value of L in the proposed scheme 1 is al-
ways higher than the proposed scheme 2. This is be-
cause that proposed scheme 2 has limited selection to
the M/2 macro BSs, whereas the proposed scheme has
more selection to balance the load. The values of L in
the four schemes are relatively stable when the users
are changed.

0-8 = sl

0.4 —©— The proposed scheme 1 (v=72-108 km/h)
—H5— The proposed scheme 2 (v=72-108 km/h)
—t— The proposed scheme 1 (v=36-72 km/h)
—*— The proposed scheme 2 (v=36-72 km/h)
—<— The proposed scheme 1 (v=0-36 km/h)
—¥— The proposed scheme 2 (v=0-36 km/h)

The load balance index

0.2

0 I 1 I |
2000 14000 26000 38000 50000
The number of the total users

Fig.6 Load balance index versus the number of users with

different velocity

Fig.7 gives the deployments of the proposed
scheme 1 and 2, with U = 26 000 users running in the
low velocity 0 — 36 km/h. It shows that small cells
{b,, by, by, bs, by, by, b, | in proposed scheme 1
have different macro BSs selection from the equally dis-
tribution in traditional scheme 1, since the neighboring
small BSs with higher R prefer to select the same mac-
ro BS in proposed scheme 1 and the value of R, is in-

creased by about 13% . Besides, the small BS of b5 in
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proposed scheme 2 has a different macro BSs selection
from the traditional scheme, which brings about 2% of
R,, increased.

(a) Scheme 1

(b) Scheme 2
Fig.7 The deployments of the proposed schemes

5 Conclusions

The scheme of selecting neighbor macro BSs in
the case of the own host failure is proposed in this pa-
per. To minimize the signaling load of the core net-
work, an optimization objective is design to maximize
the handovers processed by macro BSs, where the av-
erage handover rate between small cells is derived
based on the user mobility, the extend of the coverage
of the neighbor macro BSs was given under the con-
straint of transmitting power as well as the load balance
index considered. The simulation results indicate that,
compared with the traditional schemes, the proposed
schemes can effectively increase the handovers pro-
cessed by the macro BSs, hence reducing the signaling
load of the core network.
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