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Abstract:

A linear optimization method along with power control effectively enhances the
spectrum and energy efficiencies in D2D networks. In this paper, we propose a
linear program for assigning bandwidth to the links based on systems demands,
heterogeneity, traffic insertion patterns and network topology. Also, we propose a
power control mechanism derived from M-matrix theory to complement the
achieved spectrum and energy efficiencies. By the obtained simulation results, it is
shown that the proposed mechanisms enhance the spectrum and energy efficiencies
by 25% compared to existing methods.
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I. INTRODUCTION

Wireless  networks  provide various multimedia
applications to numerous users [1], with many devices
contending for accessibility over sparser bandwidth. In order
to reduce the power consumption due to availing multiple
services, we use D2D communications. D2D and 10T
networks use battery devices i.e., low power devices, so
there is need for utilizing every unit of energy to transmit
the information (i.e., Energy Efficiency). D2D
communications is supported in the 5G and DSA networks
[2] through 10T, which in turn, is used in many systems that
provides applications like measuring the quality of indoor
air and ventilation rate [3], military, management of heat
and electricity in smart cities. D2D communications allows
proximity devices to communicate via direct link i.e.,
without any data transversal through the base station,
thereby reducing the power consumption. Secondary
networks like D2D, M2M, use spectrum sensing to detect
the white spaces (that are unoccupied by the primary users)
and utilizes the spectrum if primary user is inactive.

The proposed method contributes maximization
mechanisms for enhancing the spectrum and energy
efficiencies in the wireless networks using D2D
communications. We propose a linear program for
improving spectrum efficiency based on link demands,
heterogeneity, and arrangement of nodes in the network and
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traffic insertion patterns. We calculate the limits for the
achievable spectrum efficiency.

We use power control mechanism (based on M-Matrix
theory) to provide 25% of improvement in both spectrum
and energy efficiencies when compared to existing
mechanisms that considers uniform traffic. In the sections Il
& 111 we discuss existing mechanisms and proposed model.
Simulation results are depicted in section IV and
conclusions are given in section V.

1. EXISTING METHOD

Earlier, graph coloring methods were used for assigning
channels to every device in the network, these techniques
allows each node to acquire single color (channel) and
disallows nodes to contend for new channels resulting in the
underutilization of resources. A distributed algorithm called
Maximum Spectral Packing mechanism [4] enables multi-
color assignment.

A. MASPECT Approach:

Consider a secondary user network as shown in the Fig.1.
In the below modeled graph, node B can acquire the color of
node C or D because they are separated by a distance, dp;n.
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A

Fig.1.Graphlteration 1lteration 2lteration 3

By using the centralized method, node B obtains only one
color that is either color of node C or D, where as
MASPECT allows multi-channel assignment.

In the first iteration, node A obtains the color 1 (i.e.,
channel is assigned to node A) as it is having the highest
degree value. If two nodes (here C and D) are having same
degree, then, the node with small random back off will
acquire the color first. In the second iteration node B and
node C obtains color2. At this point, all neighbors of B has
obtained color but not by links connected to A. In the next
iteration color3 is assigned to node D and B. New nodes can
get added and existing can leave easily without affecting the
algorithm functionality. By considering local topology this
algorithm provides an enhancement of 20% in spectrum
utilization.

B. Probabilistic Heuristic (PMASPECT):

If a system with a uniform traffic is considered then all
nodes will have equal degree, thereby competing for same
color. To resolve contention, each node maintains a sub
graph that contains local topology and rank of each node in
it. Based on this information, PMASPECT reduces the
contention probability and terminates in very less iterations
compared to MASPECT for channel allocation.

This algorithm reduces the delay for accessing the
channels initially and provides an improvement in
magnitude up to two orders.

I11. PROPOSED METHOD

Consider a network of D2D devices having five nodes, as
shown in the Figure 2(a). Two vertices that have an edge
between them can share a common bandwidth. All devices
broadcasts topological information and link demands over
control channel. The network model can be redrawn as the
edge graph shown in Fig. 2(b)

Fig. 2(a) Network Graph, G
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Let G (V, E) represents the original graph of D2D
network, where V represents the set of nodes and E
represents the group of neighboring links.Maximal

Independent Sets [5] contains information about vertices
that can share common bandwidth without interference. The
matrix Mis= [m;], 1< i < N, I< j < N, provides the
information regarding vertices in MIS.

1 vertex i belongs to MISj,
0 otherwise

mjj= { 1)

Fig. 2(b) Edge Graph

A. Spectrum Efficiency

Let the desired spectrum efficiency be m, the total data
supported by all vertices in G is B, gi is fraction of traffic
inserted by link i in graph, G. Let X; represents the portion
of bandwidth [6] assigned to all nodes in MISJ. Adequate
amount of B.W should be assigned to all nodes in G, in
order to support n. This leads to the limitation,

Z;VI=1ijij =>Bng; 1<i<N 2

To avoid interference, each MIS is assigned with non-
adjacent segments of bandwidth, due to which X;, cannot
exceed the total bandwidth, B i.e.,

"X =B 3)

By considering the link demands, objective function can

be written as,

N
1
= min(Bng,, ) 4
i=1
Let Vj 2L, vj (5)

By dividing equations (2) and (3) with B, we get two
more limitations, (6) and (7).

M

Z ¥ m; =ng; foralli 6)
j=1

M

Z vj=1 @)
=1

By considering limitations above, we maximize the
objective function in equation (4). Now, we discuss the
properties of S (n) as follows:
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Let hinge the sequence, then from equation (4), we get,

S =%i d; + nigi (8)
i=1 i=1

ne [h’%,%)which indicates S () is non-decreasing and

piece wise linear function ofn.

For any value of K,S (n) =S (n)(9)

It shows S (n) is continuous

Consider y > n, where n<h’jT’1 and y > %", then

S'M) =S "'(x), also S"(m) < 0(10)

This proves the property of concavity.

We now extract the bounds for S(n) i.e., achievable
spectrum efficiency. Let the maximum value of i, be no= h;,
Bnog: <d; Vithen vy <no, S(m) = 1.

If 1 <My, then

1
S =-XinBgi =nXl, 9. =m;

)
If no > 1 i.e., no spectrum reuse is considered then Y=
ng;, viandS(m) =n =3/, % =1

Y;: . R .
Ifng = 1,2 n—’ then % is the solution to minY/., Y.

Dividing the equations (6) and (7) by 7 yields,
YLiZmij=g; 1Sj<M
1 .
ANdYL, 7 = S5 1<isN

11)

Above equations proves that the slope of achievable
spectrum efficiency is 1 and decreases further with increase
of n.

For all values of n >, whenn > max%; V1I<i<Nis

satisfied subject to limitations (6) and (7), then
N

Sy =Y 2 (12)
n = L, B
iz
Equation (12) indicates that after certain value of
threshold, S(n) depends only on the system demands.
If 7> Nmax then S(n) < MIS, ., Subject to constraint,

M
Y mij < ng; (13)
=1
N
Also, S(n) = Z Y, MISj; Vi (14)
j=1

S(m) is finite and limited by MIS,.,. In the above analysis
of S(n) we have considered that all devices communicate at
maximum power.

B. Energy Efficiency

To enhance the energy efficiency, all nodes in the
networks should use minimum power for transmission,
which in turn, increases the neighboring links that can reuse
the same bandwidth. Concurrent transmissions results in
interference, there by reduction in the signal quality. So we
introduce a power control mechanism [7] that allows
bandwidth reuse and energy conservation without affecting
the quality of information. Consider a device u, is
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transmitting signal to device v, then following assumptions
needs to be considered to describe control mechanism.

The system has a total background noise B,N,, Where Ng
is power spectral density and B, is available bandwidth.

Noise cancellation gain G, at the receiver.

The transmission link between device u and v needs to
meet minimum SINR, €, (Signal-to-interference ratio).

Power loss during the transmission i.e., hy(or channel
gain)

Consider a device v, is receiving signals from L devices
that are using same bandwidth concurrently i.e., v receives
data fromu € (1, 2....L)yand v’ € (1,2....L) ; u’ #u, Then
SINR at V is written as

Pyhyy Gy

T = 5 e o)
The energy efficiency can be improved by solving
miny, P,,(16)
By applying constraints,
I =€, VU
0 <P< P, Y u
The equation (15) can be written as

PUhUVGUV
T e Zu'#:u Pu’hu'v = NOBv(lg)

€uv

The matrix form of above equation can be written as,
H, =Ngb— p =H™b(20)

(17)
(18)

_hZU _hLv
Gavhoy h
€Ly Lv
GLthv
—h GLvltly
v €Ly

Where, H is an M-Matrix [8], ¢, d" are positive vectors

(n\  [1)

P:kPg)b=NoBk1}(21)
P, 1

D is non negative diagonal matrix
H=D-cd”, D= diag(huv [ + 1])(22)

Forall, ISu<L
-1

1 hlv
1) 7| h2v

C= 1 d'= :
1 hLv

The equation Hp=N,b=>P=H" attains a feasible solution
[9] i.e. P> O where inverse of H has all positive elements
i.e., M-matrix, only if it satisfies below condition

1

2 Guvy\~
Z<1+ ) <1
Euv

(23)
u=1
Applying Sherman Morrison formula [10] to (22), we get,
R 1, D7lcdTp™1
H'= D"+ ————(24)

Also, 1-d'D™"c>0
Equation (23) ensures that P, > 0, Vu, to be satisfied but
not considers P, < Ppay”
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Equation (23) would be necessary and adequate if
Prad )= o0, Vn.

IV. SIMULATION RESULTS

We consider a network of 30 D2D devices [11] and a
bandwidth of 50MHZ, and then we generate random graphs
[12] of densities (GD) 0.2, 0.5 & 0.8. We consider three
different traffic insertion patterns. The scenarios are:

(1)  Uniform Traffic
(2) More traffic at spare nodes
(3) More traffic at dense nodes

The proposed method is compared with the previous
mechanisms in [4].

Fig (3a) we can observe that achieved spectrum efficiency
is more in the scenarios of uniform traffic and more traffic
in sparse nodes. At some value of n (here n= 12.5 bits/H2),
irrespective of varying traffic, S(n) will saturate in case of
proposed method, where as monotonically increasing for
existing mechanisms.

=

#| —=— Uniform traffic

Mare traffic at dense nodes
2#| - & — More traffic at sparsa nodas
- — - Existing Mechanism

=]
in

Achieved Spectrum Efficiency, 5i) (bits'Hz)

o
=

Desired Spiectrum Ef'ﬁcienc:.r':jﬂ (bits/Hz)
Fig.3a. Sparse graph (GD=0.2) depicting spectrum
efficiency for all traffic patterns.

Fig (3b), For graph density 0.5, scenario (iii) shows an
improvement of 20% of S(n) compared to existing methods
and strength is increased by two orders for scenario (i) &

(ii).

—e—niform traffic

Achieved Spectrum Efficiency, Si) (bits/Hz)

-

m
T

More traffic at dense nodes
- & - Mo traffic at sparse nodes
- — - Existing Mechanism

T
S o - 4

L
18

=5

T : 5 3 0 = i I
Desired Spectrum Efficiency , n (bits/Hz)

20

Fig.3b. Moderately Sparse (GD=0.5) graph depicting
spectrum efficiency for all traffic patterns
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In Fig (3c), more traffic at crowded nodes shows 50% of
improvement over previous technique while, in scenario (i)
and (ii), the magnitude is improved by four orders compared
to existing mechanism.

“I1—=— Uniterm traffic T a-d-s-b
More traffic at dense nodes
I - e- More traffic at sparse nodes
- —— Existing Machanism

P ki

Achieved Spectrum Efficiency, S(n) (bitsHz)

’ Des?red E‘:pectrsum E‘?'ﬁcie-nEc'_.r . 1] {bit;‘Hz}‘é
Fig.3c. Dense graph (GD=0.8) depicting spectrum
efficiency for all traffic patterns

In fig (4) we observe spectrum efficiency, for different
values of transmission power. We consider the value of n as
constant. Increase of transmission power results in addition
of new nodes to the network, thereby reducing the chances
of reuse. This result in monotonically decreasing values of
spectrum efficiency in all scenarios as depicted in Fig.
(4a)(4b)(4c).

“ T T T ™| 48— Uniform traffic

More traffic at dense nodes
—a—Mome traffic at sparse nodes
- +— Existing Mechanism

Achieved Spectrum Efficiency, S(n) (bits/Hz)

o 2 r & -] 0 i2 14 16 1 N
Maximum transmit power of a device, P:'-J.;: X10"'w)

0

Fig.4a. Sparse graph (GD=0.2) depicting spectrum
efficiency with respect to varying transmission powers
for all traffic patterns.

graph density =05
T

—&—Uniform traffic

More traffic at dense nodes
—&—More traffic at sparse nodes
— & — Existing Mechanism

Achieved Spectrum Efficiency, Sin) (bits/Hz)

i o S = b-p_.._F
. 1 L

/] E l é ; i0 'IE 14 1E 18 20
Maximum transmit power of a device, P (X 100 w)

Fig.4b. Moderately graph (GD=0.5) depicting
spectrum efficiency with respect to varying transmission
powers for all traffic patterns
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*—=— Uniform traffic
- max_ » More traffic at dense nodes
Fig. (5) We choose P,"= 2W and an Okumara-hata e+ Mors traffc at sparee nados
model [13] is used to derive h,,’s. By varying n values, we | === Fuisting Mechanism g

observe the energy efficiency. For graph density=0.2,
scenario (i) and (ii) shows25% of improvement in power
conservation as depicted in fig 5(a).

giah density 0.8

Energy Efficiency (biJ)

—8— Uniform traffic

More traffic at dense nodes
—a&—Morme traffic at sparse nodes oEr - .=
= b - Existing Mechanism B i

M imm=n==

a 4 & é IIJ |I2 'I-l 'IE II!
Desired Spectrum Efficiiency, n (bits/Hz)

Fig.5.c Dense graph (GD=0.8) depicting Energy
efficiency with respect to varying values of spectrum
efficiency for all traffic patterns.

\
h‘.

Achieved Spectrum Efficiency, Sin (bits'Hz)

Figure. (6)We choose m=14. Due to constraint (18), we
can observe that increase in transmit power results in
. enhancement of energy efficiency in all scenarios as shown

Fig.4c. Dense graph (GD=0.8) depicting spectrum in Fig. 6(a), 6(b), 6(c).
efficiency with respect to varying transmission powers ] [y —

for all traffic patterns. T hdore e a1 sParse nodes

— e - Existing Mechanism
Maore traffic at dense nodes

L
B-
Pepop

ARl el ko =T =T
o 2 4 ] 8 10 12 s 18 ] 20
Maximum transmit power of a device, F*r'_'l’n XA10'W)

—=—Uniform traffic
More iraffic at dense nodes
—+—More traffic at sparse nodes

g | Existing Mechanism

Energy Efficiency (MbJ)

Energy Efficiency (Mb/'J)

) 2 B = s 20

B w0 = . : v
ast Maximum transmit power of a device, F"-m“'; 107" wy

Fig.6.a Sparse graph (GD=0.2) depicting Energy
efficiency with respect to varying transmit powers for all
traffic patterns.

o

Desired Spiectrum Eﬁicwiency:nn (bits/Hz)
Fig.5a. Sparse graph (GD=0.2) depicting Energy
efficiency with respect to varying values of spectrum
efficiency for all traffic patterns.

& —a—Uniform traffic T T
In fig (5b) and (5c), we can observe that, compared to —*— More trafic af sparse nodes
.. . More traffic at dense nodas
existing mechanism, moderately dense and dense graphs for - Existing Mechanism
scenarios (i) and (ii) shows 4 and 5 orders of improvement §=
in strength of energy efficiency respectively. =
: 5
—=— Unifarm traffic c
a9 Mare traffic at dense nodes % ir
—+—More traffic at sparse nodes =
="--- Existing Mechanism w R
3a 3
ar =]
= 5
EJE— LE ;b
Be
s
O o3t
| =4
L o
ozl [ z 4 B B8 0 i2 14 18 18 20
. Maximum transmit power of a device, P (X 107" W)
max
o

Fig.6.b Moderately Sparse graph (GD=0.5) depicting
Energy efficiency with respect to varying transmit

Fig.5b. M I h (GD=0. icti
ig.5b. Moderately sparse graph (GD=0.5) depicting powers for all traffic patterns.

Energy efficiency with respect to varying values of
spectrum efficiency for all traffic patterns.
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20, -
—=—Uniform traffic
18l —— More traffic at sparse nodes r

More traffic at dense nodes /

—. '5|-&- Existing Machanizm / 1
=2 -
g 14 /
? 12 /
8. e J
E | /’ ///r/"’ -
E ; // o

8| “’J—f 1
i / e —

- -.-‘J‘"
1 ‘{'"‘---..’ -are-o-o—o—ﬂ'e“""e'e{y&{

o o G- 9979
B 4

3] [ [] 0 12

14 15 18 20
Maximum transmit power of a davice, F*n'f‘;: i 107" W)

Fig.6.c Dense graph (GD=0.8) depicting Energy
efficiency with respect to varying transmit powers for all
traffic patterns.

In figure (7) we can observe the performance of spectrum
efficiency with and without control mechanisms. In Fig (7a)
and (7b) for graph densities, 0.5 and 0.8, power control
mechanism enhances achieved spectrum efficiency.

—— With Power Control
Without Power Conirol
20 Uniform traffic

- - More traffic at dense nodes
More traffic at sparse nodes
45| = == Existing Mechanism 4

Achieved Spectrum Efficiency, Sf) (bits/'Hz)

i De;ir-ed ;Spectré’um EI%iC|ieﬁcy, 11'I‘(b|t5«:IeHz} :
Fig.7.a Moderately Sparse graph (GD=0.5), depicting
the effect of power control mechanism on Energy
efficiency, thereby on spectrum efficiency for all traffic
patterns.

| - » - with Power Control
Without Power Control >
Uniform traffic &l
- @ - More traffic at dense nodes »
——More fraffic at sparse nodes >
- - - Existing Mechanism >

]

]

Achieved Spectrum Efficiency, Sfn) (bits/Hz)

20

Desired Spc:;trum Emléiiency, 1 (bits/Hz) =
Fig.7.bDense graph (GD=0.8), depicting the effect of
power control mechanism on Energy efficiency, thereby
on spectrum efficiency for all traffic patterns.

V. CONCLUSION

We proposed a linear optimization along with power
control for enhancing the spectrum and energy efficiency by
considering link demands, heterogeneity and traffic insertion
patterns. Simulation results indicate that the proposed
method shows an improvement of 25% in spectrum and
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energy efficiencies. Future work includes improvement of
overall system security by enhancing the proposed method.
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