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Abstract
The problem of robustness-supported user association and small cell station (SCS) switching

ON/OFF strategies in 5G millimeter wave ( mm-wave) networks is investigated, where the robust-

ness of access links is ensured and the number of active SCSs is minimized for the reduction of the

aggregation power consumption. Firstly, the problem is formulated as an integer programming (1P)

problem. Then the problem is proved as a NP-hard problem by means of the simplification into the

minimum dominant set( MDS) , which is a NP-hard problem and is intractable to be solved in poly-

nomial time. Secondly, a greedy-idea-based heuristic algorithm ( GIHA) is proposed under the con-

sideration of the complexity of the original optimization problem. Finally, superiorities of GIHA are

demonstrated with the extensive simulations in 60 GHz mm-wave ultra-dense network in terms of ac-

cess robustness and aggregate power consumption.

Key words: millimeter wave ( mm-wave ) , user allocation, minimum dominating set, robust-

ness-supported

0 Introduction

Load-bearing ability of existing network may be
overwhelmed by the whole traffic demand resulted from
massive intelligent wireless terminals and diversified
applications. As a result, some potential designs, such
as ultra-dense deployment of small cell station ( SCS)
and millimeter-wave ( mm-wave) communication, have
been exploited in 5G system.

A flexible framework for the solution may be mm-
wave integrated backhaul and access network ( mm-
wave IBAN) , where a large number of mm-wave SCSs
are deployed densely in the area of macro base stations
(MBS)'". From the perspective of backhaul, some
SCSs (named aggregation SCS, A-SCS) are connected
to the core network with dedicated fiber. Traffic of oth-
er SCSs (referred as general SCSs, G-SCS) are back-
hauled to the A-SCSs with mm-wave wireless communi-
cation in one hop or multi-hops. From the aspect of ac-
cess, user equipment (UE) should be associated with
multiple SCSs for the enhancement of the robustness in
transmission link and the conquest of the sensitive to

the obstruction in mm-wave. To that end, UEs can be
connected to back-up SCSs when a SCS is slammed in-
to fault or the link is interrupted. In other words, it is
necessary for each UE be associated with at least £ (k
=2) SCSs for the improvement of access link robust-
ness. Therefore, the robustness of UE association can
be enhanced with the redundant SCSs. It should be
noted that these interruptions are not obvious on the
backhaul links between SCSs because most SCSs are
deployed on building roofs or lamps, i. e. the line-of-
sight transmission environment between SCSs is com-
paratively stable. On the other hand, huge power con-
sumption generated by the deployed SCSs and UEs can
not be ignored. As reported in Ref. [2], the dominant
part of the total power consumptions are contributed by
the SCSs. In other words, more SCSs are switched on,
more power consumptions are produced. To that end,
the number of the active SCSs should be minimized due
to the requirement of 5G green communication. There-
fore, how to keep the minimum number of the active
SCSs under the consideration of the capacity constraints
and user association robustness is an urgent problem to

be solved.

(@D Supported by the National Natural Science Foundations of China (No. 61771392, 61771390, 61871322, 61501373, 61271279 ) , and the Na-
tional High Tochnology Research and Development Program of China ( No. 2014AA01A707, 2015AA01A704) and the Science and Technology

on Avionics Integration Laboratory (No. 20185553035).

2 To whom correspondence should be addressed. E-mail; zhjyan@ nwpu. edu. cn

Received on Apr. 21, 2019



HIGH TECHNOLOGY LETTERSIVol.26 No.1IMar. 2020

The ON/OFF control strategies of SCSs in mm-
wave IBAN are focused on by many references in the
reduction of the power consumption. As a preliminary
work , great power-saving potentials in the dynamic ad-
justment of the control strategies are demonstrated in
Ref. [3]. In Refs[4,5], the potential is further de-
veloped and a SCS control algorithm is proposed. In
Ref. [6], the dynamic adjustment of active SCSs in
heterogeneous networks is studied for the minimization
of the total power consumption. In Ref. [7], the energy
efficiency (EE) of mm-wave IBAN is maximized with
the dynamic control strategies of SCSs. In Ref. [8],
EE of mm-IBAN is optimized through the introduction
of different levels in sleep depth. However, link ro-
bustness of mm-wave is not considered in the above-
mentioned related work. In fact, mm-wave access links
will be severely interrupted due to changes of the bloc-
king and the transmission distance.

Many attentions of the user association problem in
mm-wave IBAN are focused on by scholars in recent
years due to its key role in enhancing load balancing,
spectrum efficiency and network energy efficiency. In
Ref. [9], the joint optimization of user association and
power allocation is investigated, and a polynomial time
sub-optimal solution is found with linear relaxation and
Lagrangian dual decomposition theory. In Refs[ 10,
11], the joint optimization of user association and re-
source allocation in two-tier heterogeneous networks is
investigated. In Ref. [ 12 ], a QoS-aware decision
strategy of joint user association and resource allocation
is proposed for the maximization of network energy effi-
ciency. In Ref.[13], the framework of user association
algorithms in 5G system is classified and introduced. In
Ref. [ 14 ], a mobility-aware user association strategy
for mm-wave IBAN is designed. In Ref. [15],the op-
timization of multiple SCSs associated by users and cor-
responding backhual path planning are studied for the
maximization of the energy efficiency.

The importance of control strategies and user asso-
ciation in performance improvement is fully illustrated
by the above inspiring work. Obviously, the access
link fault and the switching ON/OFF control strategies
are not considered simultaneously in the above-men-
tioned methods. Therefore, the optimization problem of
robustness-supported user association and SCS switc-
hing ON/OFF is investigated in this work, where the
minimum number of active SCSs or the aggregation
power consumption of SCSs is determined under the
condition that all UEs are connected to at least £ SCSs
and the link capacity constraints are satisfied.

1 System overview

Following assumptions are made under the consid-
eration of unique characteristics in mm-wave IBAN.
Firstly, the downlink transmission scenario is consid-
ered and saturated traffic of access link is generated at
each UE. Secondly, a two-layer network is considered
due to the end-to-end delay requirement pointed out in
Ref. [16 ], i. e. , traffic of user associated in each SCS
is transmitted from the gateway in 2 hops. Finally as
shown in Fig. 1, there are 2 types of link failure in the
user access link because mm-wave transmission is sen-
sitive to obstruction. One type of failure is link be-
tween G-SCS and the associated UE is blocked. The
other type of failure is the SCS is in fault and links be-
tween G-SCS and all the associated UEs are blocked.
For the former, the UE can be converted to other back-
up G-SCS. For the latter, all UEs originally associated
with the faulty G-SCS are connected to respective back-
up G-SCSs.

(a) K-dominated
association

(b) Class I Link Fault (c) Class II Link Fault
© Gscs Q UE

Fig.1 The k-connected user association and link faults

It is supposed that there are some A-SCS, G-SCS
and UEs uniformly distributed in the coverage area of
MBS, and the set of devices in the network is denoted
by V.= N U M U U. The number of A-SCSs is N =
| NI, the number of G-SCSs is M =1 M | and the
number of UEs is U =1 Ul , where | « | is the operator
of cardinality. For the achievement of the high direc-
tional transmission, multiple electronically steerable di-
rectional antennas ( ESDA) may be installed in each
SCS for data transmission. However, there is only one
ESDA installed in each UE due to the limited space
and prohibitive cost. The unified resource ratio be-
tween the access and backhaul is partitioned in each
SCS for the avoidance of the co-channel interference
between the access and backhaul. Therefore, the
backhaul band used in each SCS is W™ and the access
band used in each SCS is W*“. The link set in the net-
work is denoted by & = &' U £”, where &' is the ac-
cess link set and ™ is the backhaul set.

The sector-based antenna model is used in this
paper. In the model, the directional gain of the main
lobe is a larger constant «, the sender of any link / € &
= &' U &™ist' and the receiver is r'. Corresponding-
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ly, the power of #' is p!, the azimuth angle between ¢'
and r' is @.. ¢! and ¢! are the angles between beam of
t', r' and the azimuth axis of sight respectively. The
width of the main lobe is denoted by 6, then the trans-

mission antenna gain of ¢' is denoted by

w it L <o -g 1<om- b
TN 2 2
gt<0’§0n’¢r) - 2o — (2 _0) X ¢

™ T; , others

(1)

. . l . .
The reception antenna gain of r' is given as

a,if%gl gof—gof,|$21'r—g
217—(2q7—6‘) X ¢
0 b

g.(0, ¢.,0,) =
others

(2)
In Egs(1) and (2), ifl € &, then the sender
is A-SCS and the receiver is G-SCS, and if [ € £"°,
then the sender is G-SCS and the receiver is UE. The
values of parameters @ and @ are different with the at-
tribute of [, i.e. [ € &"%orl e &™. It is assumed that
there may be 3 transmission states, which are line of
sight (LOS) , non-line of sight (NLOS) and interrup-
tion, in mm-wave access link between any UE and the
associated SCS. In Ref.[17], the probability func-
tions of the 3 states in mm-wave transmission are de-
scribed as
o (di) = max(0, 1 —e™ ol o'
Pros(dy) = (1 =p,, (dy) )
pNLOS<di:C) =1- puul(di:C) - PLos(di:(‘)
L1 e e (3)
In Eq. (3), d' is the distance between ' and ',
Mo » Mios and b . are parameters derived from data fit-
160 Once the link state is determined, the link

loss function is correspondingly determined. The path

ting

loss model is expressed as
plip(di) = 7% + B“10loglO(d) ) + &,
I“ e & (4)
In Eq. (4), & is random variables subjected to
standard normal distribution with parameter . The
values of parameters 7, 8 and ¢* in the state of LOS
and NLOS are different. Since the backhaul link is rel-
atively stable and is always in the LOS state, the path
loss function for backhaul link is expressed as
plu(d,) = 7" + B"10loglO(d,) + £,
e M (5)
Therefore, the receiving power of r' for any link
[ € & can be obtained as
pro= kg xp xg xg xpl,, lee (6)
In Eq. (6), k, is the characterization factor pro-

2
portional to (%) , A is the wavelength of mm-wave.

™

Similarly, the interference power, which is received

from the transmitter ¢ of other link f, at receiver r’ of

link [ is calculated as

P = p x ko xpl x g x g xpl,,

Lfee, f#L (7)

In Eq. (7), the situation that link [ is interfered

by link f'is denoted by f cc I. The multiuser interference

factor used to characterize the cross-correlation of sig-

nals on different links is denoted by p. Small-scale fa-

ding is not considered in this paper because there is lit-

tle influence on mm-wave networks. Therefore, the

SINR of the receiver r' of [ can be expressed as

1
P,

N, x W' +pr{f°"

S
In Eq. (8), N, is the background noise, the com-
munication bandwidth of link 7 is W'. Tt should be not-
ed that different communication bandwidth corresponds

SINR, = (8)

to different link attributes. In other words, if [ e &'
then W' = W' ifl € & then W' = W*. Therefore,
the achievable rate of link [ can be calculated with
Shannon theory as

R' = W xlog,(1 +SINR,), | € ¢ (9)

2 Greedy-based wuser association and
swiching ON/OFF strategy of SCS

2.1 Problem formulation

It is assumed that the power consumption of an ac-
tive G-SCS is P,. On the one hand, each UE can be
connected to at least k& G-SCS under the consideration
of the robustness requirement for network access link.
When one access link is blocked or faulted, other ac-
cess links can be selected for access transmission. On
the other hand, more active G-SCS mean higher aggre-
gated power consumption. Therefore, the number of
active G-SCS in the network should be minimized un-
der the consideration that the robustness of user access
link is ensured. To that end, how to minimize the ag-
gregation power consumption, i. e., the number of
G-SCS, under the consideration of the requirement for
the robustness should be focused on. The network in a
given area is represented as an undirected network
graph, which is denoted by G = (V,e). V.= M U N
U U, where N is the set of A-SCSs, M is the set of
G-SCSs, U is the set of UEs. & = &' U &™ is the set
of links, where &™ is the backhaul links between
G-SCSs and A-SCSs, &' is the access links between
G-SCSs and UEs. The set of selected active G-SCSs is

denoted by. If vertex u is connected with vertexv e C,
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then u is dominated by v. The physical meaning is that
the traffic of u will be transmitted from v or u is associ-
ated with v. The objective of the problem is to find the
set C whose cardinality is minimum so that u e U is
dominated by at least k(£ =
the link invulnerability degree for each UE is

2) vertices in C. In other
words,
k —1. There are at least other k — 1 access links con-
nected to G-SCSs from the UE when the first type of
link failure occurrs on one access link. When the sec-
ond type of link failure occurrs on any G-SCS as above-
mentioned, all associated UEs are still dominated by
set C. In terms of capacity constraints, the total traffic
volume on the access links of each G-SCS should be
less than or equal to the backhaul link capacity. To that
end, the G-SCS with better channel state is preferred to
be chosen for the minimizing the number of selected
active G-SCSs, i. e. the cardinality of the set C.

In terms of mathematical model expression, the
optimization problem is formulated as the following 0 —1
integer programming (IP) problem .

Pl:min Y P, X x,

s. t.
Cl.I'x, - ZwaR =0,veC
eZ(v)
CZ:ZyueBk ={uwl ee,uel
ee5(u)
C3:x,=y,, v "Tece
C4:x, € {0,1},veC
C5:y, € {0,1},v  eece
(10)
In Eq. (10), the binary decision variable x, is

defined to indicate whether the vertex v is selected as
active G-SCS, i.e. ifx, =1,
lected as the activated G-SCS, i.e. v € C. Otherwise,
the G-SCS represented by vertex v is set the state of

then vertex v € M is se-

sleeping. Similarly, the binary decision variable vy, is
defined to indicate whether the edge e is adjacent to
vertex x(x =v or u ), i.e. if y, =1, then edge e is
adjacent to vertex x, which is denoted by x e (x =v
or u ). The edge set in which the edge is adjacent to
F(x) (x=voru). Clis
the link capacity constraint, the backhaul link capacity
of active G-SCS should not be exceeded by the access
link capacity of all UEs associated with the G-SCS

when v is selected as active G-SCS. The access link

vertex x is represented by

capacity of edge e, which is adjacent to the vertex v e
C, for the active G-SCS is denoted by R,,. The capacity
of the backhaul link between A-SCS and G-SCS is ex-
pressed as I. €2 is the link redundancy constraint of
the UEs, i.e. each UE can be connected to at least k
G-SCS. The constraints relationship between the binary

decision variables x, and y,, are described with C3. In
other words, once the G-SCS represented by vertex v is
selected as active G-SCS there must be one edge that is
adjacent to itself. C4 and C5 are integer constraints for
the 2 types of binary variables. For ease of description,
the problem described in Eq. (10) is expressed as Pl.

Obviously, the algorithm complexity for solving
P1 is exponentially increased with the enlargement of
the cardinality of the dominant set C(1 C 1) due to its
combinability. To that end, P1 is proofed as a NP-hard
problem through simplification into minimal dominant
set, which is a classical case of NP-hard problem.

Definition 1 Given undirected graph G’ = (V',
e'), asubset C' © V' is called dominant set if and only
if each vertexv € V'\C’ is covered by a vertexu e C’.
In particular, as few vertexes as possible are selected
from V' into the subset C’, so that the remaining verte-
xes of V' are edged with the vertexes in C’'. Such a sub-
set C' is the minimum dominant set (MDS).

Lemma 1 Pl can be simplified into the MDS
problem.

Proof of Lemma 1 Pl can be described as the
determination of the dominant set C’ with the minimum
number of vertices, where the vertex is used to back-
haul the traffic of the associated UEs. According to
Definition 1, we cansetG' = G, V' =V, &' = ¢g. The
capacity of vertex ¢ € Vis defined as infinite for the re-
At the same time, let k=1
in the constraint condition C4. Then the solution of the

laxation of constraint C1.

minimum dominant set is also the solution of P1. To
that end,
mum dominant set problem.

Theorem 1 The problem P1 is a NP-hard prob-
lem.

Proof of Theorem 1 If there is only one active
G-SCS in C to be associated by each UE, the subset C
composed by the selected active G-SCSs is equivalent

the problem P1 is translated into the mini-

to the dominant set C'. In other words, the minimum

dominant set problem is a special case of problem P1,

e. ,k is equal to 1 at this point. According to Defini-
tion 1 and Lemma 1, problem P1 is also considered as
a NP-hard problem reasonably because the minimum
dominant set problem is a NP-hard problem.

It should be further clarified that P1 is actually a
k-minimum dominated set problem (k-MDS). Here, k&
means that each UE is connected to at least £ G-SCSs.
In addition, the cardinality of the dominant set
C(l C ) should be minimized in k-MDS on the basis
that all of the UEs in the network are dominated by C

2.2 Greedy idea based heuristic algorithm
As mentioned above, P1 is a NP-hard problem,
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and the solution of which is difficult to find in polyno-
mial time. Therefore, a greedy-idea-based heuristic al-
gorithm (GIHA) is proposed for the searching of sub-
optimal solution of P1. The idea of GIHA is extended
from that of Ref. [ 18]. In Ref. [ 18], the construction
problem of a k-connected and m-dominated set
(kCmDS) is formulated for the location selection of
central server in communication system. A centralized
algorithm is presented for the capacity constrained MDS
(cc-MDS) problem and the asymptotic bound of the
algorithm presented in Ref. [ 18] is given as In(N).

A general description of GIHA is given first. Ini-
tially, Cis an empty set, i. e. , there is no vertex in C.
As the algorithm runs, the vertex with the largest cov-
erage degree is selected and added into the dominant
set C. The algorithm stops running until all the vertexes
u € U are dominated by the vertexes of C. Specific
steps are shown in Algorithm 1. Then the detailed de-
scription of the used symbols and the appeared opera-
tions of Algorithm 1 are explained.

If an assignment where the G-SCS is assigned to
the UE under the consideration of the capacity con-
straint C2 in P1 is found, the assignment is a feasible
assignment. Given a feasible assignment o, U(0) is a
U(o) =
U\Dom(o0). Dom(o) is the set of vertices covered by

set of unassigned fixed points, 1. e.

o, and the set of uncovered vertexes is denoted by
U(o). Given a feasible assignment o, some vertexes
are not necessarily dominated by their £ neighbors G-
SCSs. The set where the vertex is dominated by a(a <
k) vertexes of C is denoted by P,(0). For any feasible

assignment o, the ‘excess degree’ of o is defined as

Q(C,0) =1 U(o) | xk+ E | p,(0) I x(k-a)
: (11)

As can be seen, the value of Q(C,o0) is zero
when all of the u e U is associated by the vertexes v e

C.

Algorithm 1 Greedy idea based heuristic algorithm ( GI-
HA)

Input: G = (V,e), k

Output: C

1; Initialization: C = ¢

2. while Q(C) > 0do

3. forn € M\C do

4. Select the vertexn’ € M\C that the value of Q(C U {n'})

is minimal and add into C' = C U {n'};

’

5. Construct flow network
Gf:(C,9V\C,s°°9R F);

6: Calculate the maximum integral flow f;; for G;

uv

7: Calculate Q(C",0) ;

8 : endfor

9. Set n’ = o(v) as dominating vertex of v such that
fe(n',v) > 0;

10. Return n’

11 endwhile

In line 1 of Algorithm 1, the dominant set is ini-
tialized. From line 2 to line 11, the local optimal solu-
tionis are iteratively selected for the feasible assign-
ments under the consideration of robustness and capac-
ity constraints, where the minimum excess degree of a
given dominant set C in graph G is calculated under the
consideration of the domination number and the capaci-
ty constraints. In fact, the minimum excess degree is
resulted from the maximum flow obtained. A network
flow graph, which is denoted by G, = (C, U, ¢, ¢,,
¢, ), is constructed with the current assignment func-
tion U(o). Tt is shown in Fig. 2 that the network flow
graph G, is composed of a bipartite graph G, = (C, U,
e,),wheree, = {(u,v) v e C,ueUlisa set
composed of edges connecting the vertexes v € C and
the vertexes u € U. In addition, two additional virtual
vertexes, which are denoted by s and d, are added into
the bipartite graph G,. s is the virtual source node re-
presenting the core network from which the traffic is
generated. d is the virtual destination node represen-
ting the UEs to which the traffic is received.

Capacity vy

Fig.2  Construction for G,(C, U, ¢,, ¢,, ¢;)

In addition, s is connected with every vertex of C,
and d is linked with every vertex in U. Finally, the
link capacity is defined asy. The capacity of 3 types of
links is set as¢; = y(u, d) (v e U), ¢, = y(v, u),
¢; = y(s, v)(v e C). Therefore, network flow graph
G(C, U, ¢, c,, c;) is constructed on the basis of hi-
partite graph G, = (C, U, &,).

Each vertexn € M\C is traversed in the four loops.
For each vertexn € M\C, assignmentn’ = o(v) is in-
cluded in current coverage set C,i.e., C=CU {n'}.
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At this time, G, = (C, U, » , R,,, I') is construc-
ted. To that end, the excess degree Q(C, o) of net-
work flow graph G, can be obtained with the calculation
of the maximum integral flow f,. The vertexes represen-
ting the SCS with the smallest excess degree () are se-
lected as active G-SCSs.

The proposed GIHA runs out when the value of
Q(C, o) generated by dominant set C is equal to 0.
This also means that the unassigned vertex set U(o)
will eventually become an empty set because all the
vertexes of U(o) are traversed by the proposed GIHA
in each iteration. In addition, it should be noted that
the output dominant set, i.e., C, is a complete feasi-
ble set when the proposed GIHA runs out. In other
words, the constraints from C1 to C5 in P1 are well sat-
isfied. Moreover, the complete feasible set always ex-
ists in the scenario where the network is fully connect-
ed. In particular, the asymptotic bound of the algo-
rithms complexity for GIHA is In(M + U) if the value
of k is equal to 1 and the backhaul capacity of each
SCS is constant, where M is the number of G-SCSs in

the network and U is the number of UEs in the net-
work.

3 Performance simulation

3.1 Parameter setting

In the simulation, SCSs and UEs are intensively
deployed in a square kilometer area. The distribution
of UEs follows the poisson point process (P. P. P.)
with mean value A”*. A" increases from 20 to 200 with
an increment steps of 10. The distribution of SCSs is
subjected to the P. P. P. with mean value A*® = 100.
The effective communication distance of mm-wave wire-
less communication is set as 200 m. The available
communication bandwidth for each SCS in the network
is 2 GHz, i.e., W =2 GHz, where W™ =0.7W and
W' =0.3W, W™ is the backhaul bandwidth and W**
is the access bandwidth. Other parameters including
parameters of the three-state statistical model, path loss
model and small-scale fading, related to the channel
model are shown in Table 1.

Table 1  Parameters in the simulation
Type Name Notation Value
Simulation area LxL 1000 m x1 000 m
Minimum number of access links in each UE k 2
Means of P. P. P. for UE distribution A\ 20 ~200
General Means of P. P. P. for SCS distribution 25 100
Coverage radius of SCS r 200 m
Backhaul bandwidth of SCS W 1.4 GHz
Access bandwidth of SCS WA 0.6 GHz
TX power of SCS in downlink access P -30 dBm
TX power of SCS in downlink backhaul P 10 dBm
Antenna
Main lobe gain « 0.95
Main lobe beam-width [% 10 °
o 0.0334 (m™")
Three-state probability Montos 0.0149 (m™")
Mios 5.2
Channel T (61.4,72.0)
Path loss exponent (LOS, NLOS) B (2,2.92)
p (5.8,8.7) (dB)
Small-scale fading (LOS, NLOS) N (3,2)

3.2 Result analysis

The distribution density of UEs is increased at a
linear rate for the investigation of the variation in the
number of the active G-SCSs used to associate with the
UEs. The variation in the number of the active G-SCSs
in the optimal algorithm, the proposed algorithm ( GI-
HA) and the shortest distance access algorithm are

shown in Fig.3. The optimal algorithm is obtained
through the use of MILP solver, which is CVX with
Gurobi optimization. Generally, linear programming
relaxation based on branch-and-bound algorithm is
used by MILP solver to solve MILP problem. The re-
sults represented with every bar are the average values
of 1 000 simulations in each algorithm.

It can be seen in Fig. 3 that the number of active
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G-SCSs is increased logarithmically when the distribu-
tion density of UE is increased along the X-axis. In ad-
dition, it can also be seen that the number of G-SCSs
used for UE association tends to be saturated when the
UE distributed in the network becomes more dense.
This means that the total traffic transmitted to UEs in
each G-SCS may be smaller. To that end, the total
achievable rate of the system will also be saturated due
to the increase of ambient interference and the constant
link capacity. The gap in the number of G-SCSs be-
tween the 3 algorithms is very small when the user den-
sity is small. However, the difference in the gap of the
number of G-SCSs selected by the 3 methods is in-
creased to 15 when the distribution density of UE be-
comes denser, i.e. greater than 150.

45

40t

35r

30

25

20 -

15

Number of active G-SCSs

10|

—a— Shortest distance algorithms

—+— GIHA

. ‘ ) .| —&— Optimal algorithm

20 40 60 80 100 120 140 160
Density of UE distribution (numbers/km?)

180 200
Fig.3 Number of active G-SCSs vs. distribution density of UE

In fact, the problem of active G-SCSs selection in
this paper is similar to the problem of the establishment
of the virtual backbone network in the field of wireless
ad hoc network (such as wireless sensor network,
WSN). The problem is mainly used to effectively re-
duce the routing energy consumption and the reliable
data aggregation of WSN. Usually, this problem is ex-
pressed as the construction of a k-connected and m-
dominated set (kCmDS) of the graph. In addition, it
is called k-vertex connection if there are at least & in-
dependent paths between each pair of vertices. The
proposed algorithm is compared with the FindkmCDs
algorithm, which is a centralized algorithm proposed in
Ref. [18].

In the FindkmCDs algorithm of Ref. [ 18 ], the
vertexes are sorted in descending order of node degree
firstly. Then the vertexes whose node degree is mini-
mum are added into the subset until each vertex is
dominated by at least m vertexes. Fastly, the k non-
dominant vertexes are allocated to each vertex of C. To

that end, a k-connected and m-dominated set is con-
structed. On this basis, a slight modification is made
in our algorithm from two aspects, i.e., 1) An itera-
tive control variable named ‘excess degree’ , which is
equal to zero when the condition of user access robust-
ness is satisfied, is defined for the feasible assignment.
2) Vertexes are dominated and covered only when the
capacity constraints are satisfied.

As shown in Fig.4, the difference between
FindkmCDs and the proposed algorithm ( GIHA) is
very small when k =1. Intuitively speaking, the cardi-
nality of the dominant set is smaller if the vertexes with
larger node degree are added. However, all the UEs
may be not necessarily dominated by the adjacent ver-
tex with largest node degree in FindkmCDs without the
consideration of link capacity. The gap between
FindkmCDs and GIHA becomes larger when £ = 2.
This is because that the local optimal solution in each
iteration is chosen by the proposed GIHA. However,
the sequenced SCS vertexes are added repeatedly in
FindkmCDs. To that end, there may be some redun-
dant vertexes existing in the dominant set.
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Fig.4 Comparison of selected G-SCS number between the 3
algorithms when k=1 and k=2

If the traffic variation between different G-SCSs is
considered, it is shown in the results that there are
more opportunities for the G-SCS with lighter associated
load to be selected in GIHA. Therefore, ten different
levels of traffic requirement for UEs are set up in the
network. The results of 2 algorithms, i.e. , GIHA and
the optimal algorithm, under 2 representative traffic
load levels, i. e., the highest level and lowest traffic
level, are plotted in Fig. 5. It can be seen that Fig. 5
can be divided into 2 parts, the first part is the low
density scenario where the density of the UEs is less
than 50, and the other part is the high density scenario
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where the density of UEs is higher than 50. For high
density network scenarios, the percentage of the select-
ed low-traffic G-SCSs to total SCSs is increased with
the enhancement of the UE density. It is shown in the
results that the system tends to choose G-SCS with lar-
ger access capacity to associate more UEs. In this
way, GIHA is better than the optimal algorithm be-
cause the size of the active G-SCS set for the UE asso-
ciation is sacrificed in GIHA. For low-density network
scenarios, the trend is reverse because the ratio of se-
lected G-SCSs to the total G-SCSs is as high as 40%.
On the other hand, the percentage of selected SCSs
with the heaviest traffic acts vise versa. The decreasing
trends are shown in the 2 lower curves in Fig. 5.
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—6— Light G-SCS(Optimal)
: - B - Heavy G-SCS(Optimal)
258 - © — Heavy G-SCS(GIHA)
w
8. 20
&
ko]
(7]
815
El
Gy - 8
o
g 10 o\

g O-5 a-g 5
"°“9'0—e-o-—|:l BO-B0-8g5.g5q
®0-e0-0-0-0-06-0-0

0 L L L !
20 40 60 8 100 120 140 160
Density of UE distribution (numbers/km?)

180 200

Fig.5 The percentage of different loading-level G-SCS selected

varying with the increasing UE densities
4 Conclusions

In this paper, a robustness-supported user associ-
ation and small cell ON/OFF strategies is proposed for
mm-wave IBAN. To that end, the number of G-SCSs
that are active and associated with UEs is minimized
under the consideration of the link capacity and the ro-
bustness constraint, where there are at least MYMk-
MYM G-SCS for the each UE to connected. At the
same time, the proposed algorithm, the optimization
algorithm and FindkmCDs algorithm are compared in
terms of the number of the selected active G-SCSs,
i. e. the total power consumption of the network, and
the proportion of active G-SCSs to the total G-SCSs. As
a result, the advantages of the proposed algorithm in
the densely deployed mm-wave IBAN network are illus-
trated.

Actually, there is a strong coupling between ac-
cess and backhaul of mm-wave IBAN. It should be

pointed out that the multi-hops backhaul scenario of

mm-wave IBAN and the integrated optimization method
of backhaul and access are not considered in this pa-
per. Therefore, the resources duality between the
backhaul link and access link of SCSs will be consid-
ered in future work for the fully studying of the joint
optimization system in terms of user association, back-
haul path planning and resource allocation.

References

[ 1] Agiwal M, Roy A, Saxena N. Next generation 5G wire-
less networks: a comprehensive survey[ J]. IEEE Com-
munications Surveys and Tutorials, 2017, 18(3) . 1617-
1655

[ 2] Gandotra P, Jha R, Jain S. Green communication in next
generation cellular networks: a survey[J]. IEEE Access,
2017, 5. 11727-11758

[ 3] Samarakoon S, Bennis M, Saad W, et al. Dynamic clus-
tering and ON/OFF strategies for wireless small cell net-
works [ J |. IEEE Transactions on Wireless Communica-
tions, 2015, 15(3) : 2164-2178

[ 4] Tran G K, Shimodaira H, Rezagah R E, et al. Practical
evaluation of on-demand smallcell ON/OFF based on traf-
fic model for 5G cellular networks [ C] // 2016 IEEE
Wireless Communications and Networking Conference,
Doha, Qatar, 2016 1-7

[ 5] Liu C, Natarajan B, Xia H X. Small cell base station
sleep strategies for energy efficiency[ J|. IEEE Transac-
tions on Vehicular Technology, 2016, 65(3) : 1652-1661

[ 6] CaiSJ, Che Y L, Duan L J, et al. Green 5G heteroge-
neous networks through dynamic small-cell operation[ J].
IEEE  Journal on Selected Areas in Communications,
2016, 34(5). 1103-1115

[ 7] Feng M J, Mao S W, Jiang T. Dynamic base station sleep
control and RF chain activation for energy efficient milli-
meter wave cellular systems[ J]. IEEE Transactions on
Vehicular Technology, 2018, 67(10) : 9911-9921

[ 8] Li P, Jiang HL, Pan Z W, et al. Energy-delay tradeoff
in ultra-dense networks considering BS sleeping and cell
association[ J |. IEEE Transactions on Vehicular Technol-
ogy, 2017, 67(1); 734-75

[ 9] Zhang H J, Huang S T, Jiang C X, et al. Energy effi-
cient user association and power allocation in millimeter
wave based ultra dense networks with energy harvesting
base stations [ J]. IEEE Journal on Selected Areas in
Communications, 2017, 35(9) : 1936-1947

[10] Han Q N, Yang B, Miao G W, et al. Backhaul-aware
user association and resource allocation for energy-con-
strained HetNets [ J |. IEEE Transactions on Vehicular
Technology, 2015, 66(1) : 580-593

[11] MaH, Zhang H J, Wang X F, et al. Backhaul-aware us-
er association and resource allocation for massive MIMO-
enabled HetNets [ J ]. IEEE Communications Letters,
2017, 21(12): 2710-2713

[12] Mesodiakaki A, Adelantado F, Alonso L, et al. Energy-
efficient context-aware user association for outdoor small
cell heterogeneous networks[ C] //2014 IEEE Internation-
al Conference on Communications, Sydney, Australia,



16

HIGH TECHNOLOGY LETTERSIVol.26 No.1|Mar. 2020

[13]

[14]

[15]

[16]

[17]

2014, 1614-1619

Liu DT, Wang L F, Chen Y, et al. User association in
5G networks ; a survey and an outlook[ J]. IEEE Commu-
nications Surveys and Tutorials, 2016, 18 (2). 1018-
1044

Cacciapuoti A S. Mobility-aware user association for 5G
mmWave networks [ J ]. [EEE Access, 2017, 5: 21497-
21507

Petrov V, Solomitckii D, Samuylov A, et al. Dynamic
multi-connectivity performance in ultra-dense urban mm-
Wave deployments[ J]. IEEE Journal on Selected Areas in
Communications, 2017, 35(9) . 2038-2055

Mezzavilla M, Zhang M L, Polese M, et al. End-to-end
simulation of 5G mmWave networks| J|. IEEE Communi-
cations Surveys and Tutorials, 2017, 20(3) ; 2237-2263
Akdeniz M R, Liu Y P, Samimi M K, et al. Millimeter
wave channel modeling and cellular capacity evaluation
[J]. IEEE Journal on Selected Areas in Communication

2014, 32(6) : 1164-1179

[18] Barilan J, Kortsarz G, Peleg D. How to allocate network
centers[ J]. Journal of Algorithms, 1993, 15(3) . 385-
415

Ma Zhongyu, born in 1986. He is currently pur-
suing the Ph. D degree in information and communica-
tion engineering at School of Electronics and Informa-
tion, Northwestern Polytechnical University (NWPU) ,
China. He received the B. E. degree in network engi-
neering from Shijiazhuang Tiedao University, China, in
2010. He also received the M. S. degree in mode rec-
ognition and intelligent system from Lanzhou University
of Technology, China, in 2013. His current research
interests include protocol design, modeling and optimi-
zation for mm-wave integrated access and backhaul net-

work in 5G.



