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Abstract

Device-to-device (D2D) communication is an excellent technology to improve the system
capacity by sharing the spectrum resources of cellular networks. Multicast service is
considered as an effective transmission mode for the future mobile social contact services.
Therefore, multicast based on D2D technology can exactly improve the spectrum resource
efficiency. How to apply D2D technology to support multicast service is a new issue. In this
paper, a resource allocation scheme based on cognitive radio (CR) for D2D underlay multicast
communication (CR-DUM) is proposed to improve system performance. In the cognitive
cellular system, the D2D users as secondary users employing multicast service form a group
and reuse the cellular resources to accomplish a multicast transmission. The proposed scheme
includes two steps. First, a channel allocation rule aiming to reduce the interference from
cellular networks to receivers in D2D multicast group is proposed. Next, to maximize the total
system throughput under the condition of interference and noise impairment, we formulate an
optimal transmission power allocation jointly for the cellular and D2D multicast
communications. Based on the channel allocation, optimal power solution is in a closed form
and achieved by searching from a finite set and the interference between cellular and D2D
multicast communication is coordinated. The simulation results show that the proposed
method can not only ensure the quality of services (QoS), but also improve the system
throughput.
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1. Introduction

With the rapid development of all kinds of services offered by Long Term Evolution (LTE),

a huge challenge is to utilize the scarce wireless resources to satisfy the demand of the quality
of services (QoS). Improving the spectrum efficiency is one effective method.

D2D technology can improve resource utilization by establishing direct links between
terminals without base station (BS) forwarding. The next-generation wireless communication
systems, such as LTE-Advanced and Wimax, allow D2D communication as an underlay to the
cellular network to improve the spectrum efficiency [1]. Meanwhile, as a more general
transmission mode, wireless multicast can offer higher radio resource efficiency for
transmitting packets from a single sender to multiple receivers at the same wireless resource
than unicast [2]. As radio resources become more and more stringent, multicast techniques
have drawn a lot of interests and been applied in various systems [3]. Therefore, multicast
service supported by D2D communication enables network resource sharing, which means
that the advantages of multicast delivery over multiple unicast deliveries are significant.

Moreover, many studies have shown that the utilization of licensed spectrum is very low [4],
and cognitive radio (CR) plays as a promising technology to improve the utilization of
licensed spectrum [5][6]. Secondary users (SUs) sense the spectrum conditions and seek to
overlay or underlay its signals with those of the primary users (PUs), which improves the
spectrum utilization effectively [7][8]. In traditional D2D communications, D2D users can
only utilize the temporally idle spectrum to avoid collisions. It’s natural to think that D2D with
CR function is able to improve the spectrum resource utilization more effectively than
conventional D2D technology by dynamic establishment of the transmission links with the
help of cognitive terminals. In this paper, we focus on multicast, a more general transmission
mode, and investigate the resource allocation algorithm for cognitive D2D underlay multicast
communication and cellular communication.

In this paper, we analyze a single cell environment with its BS capable of allocating the best
power resource for cellular and D2D underlay multicast communications. A resource
allocation optimization method for cellular and D2D multicast communications that D2D
users reuse the resources of cellular users is proposed. First we propose a channel allocation
method to reduce the interference from cellular to multicast group. The method considers all
possible allocation permutations and selects the one that yields the best system performance
depending on the channel instantaneous signal to interference plus noise ratio (SINR) between
cellular users and D2D multicast users. Then, based on the channel allocation, to maximize the
total system throughput under the condition of interference and noise impairment, the optimal
transmitting power allocation for the cellular and D2D multicast communication is formulated.
The power of cellular users and D2D users are allocated jointly so the effect of interference
between D2D communication and cellular communication is coordinated and the system
capacity is able to obtain the maximum value. Our work extends the throughput-maximizing
power control by giving a minimum service constraint, namely a minimum acceptable SINR
of the BS for both users to mitigate the interference and guarantee the quality of services (QoS).
This optimization problem is a non-linear programming. It is proven that the optimal power
allocation scheme resides on finite possible solutions.

The major contributions of this paper are summarized as follows: 1) The proposed cognitive
multicast scheme based on D2D technology is quite different from traditional D2D unicast. 2)
The proposed optimized model CR-DUM is a novel model and is well adapted to underlay
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multicast. 3) By searching from a finite set, a method is adopted to obtain the optimal solution
for the proposed problem CR-DUM with low complexity.

The rest of this paper is organized as follows. The related works are introduced in Section II.
In Section III we present the system model for D2D underlay multicast communication
sharing the resources of the cognitive cellular networks, and formulate the optimal
transmitting power allocation for the cellular users and D2D multicast users. The channel
allocation schemes and the algorithm of optimal power allocation model for both cellular user
and D2D multicast group are introduced in Section IV. In Section V we present and discuss the
simulation results. Finally conclusions are drawn in Section V1.

2. Related Work

Recent studies of D2D communication have been more focused on interference coordination
between cellular users and D2D unicast users. To control the D2D-to-cellular (D2C)
interference, [9] proposed to control the maximum transmit power of the D2D transmitter. To
mitigate the cellular-to-D2D (C2D) interference, [10] designed an interference cancellation
scheme employing retransmission by the base station. [11] proposed a power optimization to
maximize the sum-rate of the cellular and D2D links considering the interference in both
directions. [12] showed that by proper power control the interference between cellular
communication and D2D communication can be coordinated to benefit the overall
performance assuming the cellular network has controlled over the transmit power and the
radio resources of D2D links. [13] proposed a practical and efficient scheme for generating
local awareness of the interference between the cellular and D2D terminals at the base station,
which then exploited the multi-user diversity inherent in the cellular network to minimize the
interference. In [14], three D2D resource allocation methods were discussed and the mode
selection procedure which can ensure a reliable D2D communication with limited interference
to the cellular network was proposed. Optimum resource allocation and power control
between the cellular and D2D connections that share the same resources were analyzed in [15]
for different resource sharing modes. A novel resource allocation method that D2D users reuse
the resources of more than one cellular user was proposed in [16]. [17] proposed a
distance-constrained resource-sharing criterion (DRC) for device-to-device communications
underlaying cellular systems to mitigate the interference from cellular transmissions to the
D2D link. [18] investigated how to employ D2D communication and cognitive radio
technology in cellular networks to jointly optimize spectrum utilization.

All the literatures above mentioned focused on how to employ D2D communication in
cellular network with limited interference for ordinary unicast mode. A joint sub-carriers and
power allocation model based on D2D for general cognitive radio multicast is proposed for
Orthogonal Frequency-Division Multiplexing (OFDM) LTE systems in [19]. [20] investigated
a D2D multicast group and an interference coordination scheme for D2D multicast in cellular
networks. However, while we consider underlay multicast and optimal power allocation
scheme, [19] discussed the resource allocation for overlay multicast and the proposed
allocation scheme in [20] is not optimal.

What’ more, studies of D2D communication only focused on how to allocate the power
resources for the D2D user. However, resource allocation always refers to channel and power
allocation. The problem of channel selection is also very important, and several literature
addressed this topic. Opportunistic spectrum access (OSA), which mainly builds on the
cognitive radio technology, has been regarded as a promising solution to lessen the spectrum
scarcity problem. [21] investigated the problem of distributed channel selection using a
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game-theoretic learning solution in an opportunistic spectrum access system and formulated
the channel selection problem. [22] investigated the problem of achieving global optimization
for distributed channel selections in cognitive radio networks, using game theoretic solutions.
A survey of decision-theoretic solutions for channel selection and access strategies for OSA
system is presented in [23]. However, existing solutions may not be applied to our system
where limited interference scenarios and multicast users are considered. Therefore, in this
paper we propose a channel selection method for D2D underlay multicast communication.

Although various studies have been carried out, we are yet to find a method that
fully satisfies user requirements while allocating resources effectively. Therefore, in the next
section, we propose a resource allocation mechanism that can maximize the performance of
the network system while still meeting the user requirements as much as possible.

3. System Model and Problem Formulation

3.1. System Model

We consider a cognitive cellular system with N cellular users (CUEs) as primary users (PUs)
and multiple D2D users (DUEs) as secondary users (SUs) in a cell, some of the SUs forming
one D2D multicast group to employ D2D multicast communication, as shown in Fig.1. We
analyze one D2D multicast group and similar analysis can be used for the scenario with more
than one D2D multicast group. In the multicast group, we assume that there are one D2D
source terminal Dy, and M users as receivers DR, (m=1,2,...M), which are independently
identically distributed (i.i.d) in the area. Note that SUs can either utilize the idle spectrum to
set up cellular communication via base station (BS mode) or employ D2D communication
using the spectrum of a certain PU with constrained interference (D2D mode) due to the lack
ofidle spectrum. If SUs utilize the idle spectrum to communicate, it will cause no interference
to each other and the analysis is simpler. If SUs employ D2D communication occupying the
resources of PUs due to the lack of spectrum, interference between cellular users and D2D
users will occur. Hence, we focus on SUs reusing the resources of PUs and analyze the
interference. We assume the channel state information (CSI) of all the involved links at the BS
so that the BS is capable of coordinating the resources and the transmission power. In this
system, some of the SUs which are employing D2D multicast communication form a D2D
multicast group. One group only reuses one PU’s resource. When the multicast users are
willing to establish a D2D multicast communication link, user Dt sends the D2D setup request
information to the BS through a common control channel. Then the BS feedbacks the D2D
transmission information and allocates the channel and transmission power.

Note that resource sharing operates in both uplink (UL) and downlink (DL) resources of the
cellular user. Without loss of generality, we analyze the UL interference scenario and similar
analysis can be used for DL interference scenario. The UL interference scenario is shown in
Fig. 1.



KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL. 8, NO. 1, Jan. 2014 95
Copyright (© 2014 KSII

Cellular data

D2D data sigqal

Fig. 1. System model of the cognitive cellular network with D2D underlay multicast groups

3.2 Problem Formulation

Assuming the transmitted symbols to be independent random variables with zero mean and
unit variance, the signal to interference plus noise ratio (SINR) for the cellular user is given by

PG,

5 (1
o°+ PG,
where G; is the channel gain of PU;, G; is the undesired interference link gain of SU; to BS. The
channel gains are assumed to be constant over each arbitrary time slot. Consider that the
channel link is composed of large-scale path loss and statistically independent small-scale
hab ’ da_be >
where A, and d,;, are the channel coefficient and the Euclidean distance between nodes a and b,
respectively, L is a constant that depends on the environment, and 4 is the path loss exponent.
L and @ are assumed to be a constant for all communication links although they may vary for
each link.

Since there are M receivers in D2D multicast group, the multicast capacity is restricted by
the terminal with the worst channel condition. That means the weakest link is the one that
dominates the end-to-end instantaneous SINR performance. In order to formulate the capacity,
first BS allocates the channel for the D2D multicast based on the channel allocation method,
and then selects the minimum SINR. The SINR of the D2D multicast communication is

expressed as
SINR . = min P./G./dl f.)fG./'dz .. ? ﬂfd,,, (2)
’ o’ +PG, ¢’ +PG, o .G,

id id,

SINR, =

quasi-static frequency selective Rayleigh fading [24], so the channel gainis G, =L

where G, (m=1,2,..M) is the channel gain of Dr to Dgp, G, (m=1,2,...,M) is the

interference link gain from cellular to Dgy,.
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Under the assumption that capacity-achieving codes for AWGN channels are employed, we
define the achievable throughput of PU; and SU; by applying the Shannon capacity formula
[25],

R=R +R,

PG, . PG, PG, b 3
=B -log, | 1+———— |+ M-B,-log,| 1+ min| —~24— T .. - 3
0" +PG, o +£G, o +£G, o 3G,

where B; is the bandwidth used by PU;, R; and R; are the throughput of PU; and SU,,
respectively. Note that there are M receivers in the multicast group, so the total throughput of
multicast group is M times the throughput of the worst user.

To facilitate analysis, then

R(R,P)=R +R, =B, log, ((1+Fi)(l+r.i)M) “)
PG,

r._ kG 4a

"ot +PG, .

I', =min| — = o __ ... I
g o’ +PG, o +PG, v G,

where I'; and I'; are the SINR of PU; and SUj, respectively.
Finally, we consider the optimization problem for our system model. Since the power is
limited, we assume that the maximum power of PUs and SUs are P, and P, , respectively.

max

(4b)

PG, PG, ”J

When SUs reuse the resources of PU, PUs’ SINR may be decreased. Therefore, we give a
priority to the PUs, by considering a minimum limit for transmission data rate that guarantees
PUs QoS, which is achieved at a SINR of y,. We also assume a minimum transmission data

rate of D2D multicast communication which is achieved at a SINR of y, in order to ensure
fairness.

We maximize the total throughput of PU;and SU; as the goal of power control method, and
then the optimization problem of transmission power is formulated as:
(B.P) =arg max, R(B,P)

min

st. ®={(P,P): R, <P<P,0<P <P, T >y, >y] (5)

where T, >y,.T", > y, constrain the interference caused by D2D multicast communication and
cellular communication, respectively.

4. Resource Allocation Algorithm

In this section, we derive the optimal transmitting power of PU; and SU; for two
communication services. However, the power allocation is based on the channel allocation.
Therefore, we divide this section into two parts. First, we propose the channel allocation
method. Second, we derive the optimal power for cellular and D2D communications.

4.1 Channel Allocation

When the multicast users are willing to establish a D2D multicast communication link, how
to select the appropriate channel for D2D multicast to avoid the interference is the problem
addressed in this section.

In the multicast group, Dr as the cognitive user selects a free channel if available, and it will
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cause no interference, so Dr can transmit at the maximum power, i.e. P, =P, . If there isn’t
any free channel, then BS selects a channel occupied by a CUE for Dr.

The channel instantaneous SINR of the D2D multicast communication suffered from the
interference between the CUEs and the receivers in D2D multicast group, namely

Te, (fori=1,2,- ... can be calculated as
PG,
FCD :217/‘2,’“ (6)
o +RG,,

where P; and P; are the transmitting power of PU; and SU, respectively, o is the variances of
the independent zero-mean additive white Gaussian noise (AWGN), G,, is the channel gain

of D1 to Dguy, G, " is the interference link gain from cellular to Dgy,. Dri (m=1,2,...M) is the

user in the multicast group.

The objective here is to optimize the end-to-end instantaneous SINRs. Since there are M
receivers in D2D multicast group, the weakest link is the one that dominates the end-to-end
instantaneous SINRs performance. Therefore, the optimal channel allocation scheme is the
one that results in the best channel among the weakest ones.

When calculating T BS does not allocate the power for Dt at that time. P; can be the

cD, °
previously transmitting power of the PU; . And note that P; is the same in the SINRs expression,
to facilitate the calculation, we give P, = R, and modify the end-to-end instantaneous SINRs

asr,, __ 9. Then Lo, (fori=1,2,- -~ can be calculated.
iPm O_Z + PC/ Gidm iom
To elaborate, let ¥ be the set containing all channel allocation permutations. We consider N
CUEs in the cellular mode, thus the set w contains N elements. Each element of ¥ consists of
all end-to-end instantaneous SINRs, corresponding to one CUE. To simplify the presentation,

let v denote the k-th element of ¥ for k=1, 2, ---N, and y, = [Fq p,-Jor m=12,--- ,whichisa

set of the instantaneous SINRs between the k-th CUE and each receiver in D2D multicast
group. Let T denote the smallest element in v, , i.e., the weakest channel. Accordingly, the

k,min
channel allocation, denote by ;. , has index £*:
k" :argmflx{l" k=12, @)

k,min »

The complexity of the channel allocation is O(M*N), which is not complicated.

4.2 Power Allocation Algorithm

The power allocation for cellular and D2D multicast communications is a non-linear
programming problem. In order to solve the problem, we first analyze the feasible region. We
divide the constraints into power constraints Q, ={(R,P): B, <P <P, ,0<P <P, } and

rate constraints Q, :{(E.,P/.):Fi 2y,.[; 2 K}, then ®=Q N . Since Q, is a finite closed
region, ® is a finite closed region or empty set. Note that we can properly set parameters
P,P,T,,T";to guarantee @ is not empty, so our discussion is based on the assumption that @ is
a non-empty finite closed region. Since @ is a closed and bounded set and R(P,P) is

continuous, the optimization problem has a solution [26].
A method introduced in [27] is adopted to solve problem (5). In order to find the optimal
power solution (P, P) for our model, we first prove the following lemmas.

We assume all gains values are greater than zero because if the communication link of
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cellular user or D2D user is blocked, then (B, P’) =(0, B, )or (P",P)=(R,,.0).
Lemma 1. The optimal solution (2", P") has P, or P, equal to the maximum power.

Proof: Assuming Dgy is the worst user in the multicast group, and then the SINR of the
multicast service is expressed as
PG,

r = J 7 Jdk (8)
' o'+PG,

Substitute (aPl.,an) for (B,Pj) in (4), for Va>1,a € R* and (P,P.)e @, we have

i J

PG, PG,
R(aP.,an):logz 1+ ii 14— i

i 2 2

O o

=+ PG, 2 +PG,
J U L3

(04 o

Hence, the solution of (5) will have P, or P, equal to the maximum power P, or F,

By Lemma 1, the optimal power allocation can be selected among the following
alternatives:
. Extreme points on the boundaries of ®: P=F,  or P =P, ,
. OR(P, P, oR(P,,..P,
P's corresponding to % =0or ¥

i J

ie, Ps or

=0, respectively.

. Corner points of @.
Lemma 2. The optimal transmitting power allocation (2", P) for (5) only exists on the corner

points of @ .
Proof: Let 6@ be the boundary of region ® . According to Lemma 1, (P",P’) € o®. Note

that the shape of region ® changes with different values of the constrained parameters, so is
the shape of o® . However, o® is only composed of the following six
lines:/,: P =R,.,,:P=F,.L,:T,=y,, [,:T,=y.l,:R=P, L :P =0, as shown in Fig.2.

B
4

v ~‘71/ Gy,

0 7/,0'2/6', ‘‘‘‘‘‘

Fig. 2. Feasible region @

Let I/=1N 1,2,3,4,5,6) and O(R,P) =(1+F,.)-(1+1“j)M . Since the logarithm is a
monotonically increasing function, we look for extreme points on the boundary by considering
o’0 >0

P

O(.P).If (B.P)<cl}, then

The proofis as follows.



KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL. 8, NO. 1, Jan. 2014 99
Copyright (©) 2014 KSII

PG,
According to (8) the SINR of the D2D multicast service is I', = —~—2%*— (10)
o +FG,
rG, Y
Then Q(P,P)=|1+ ZRG" 14+ — L% (11)
o°+ PG, o"+hbG,
M
C
=(1+4P)| 1
We assume Q=(1+ ,)[ +B+Pl.] (12)
G o? P G,
here 4=— "  p=" c=""T/
v 7r6 " "6 " a, (13)
Now, by differentiating Q(£, P, ) with respect to P we find
M M-1
DO _ g1+ | —msar)f1+-C . (14)
oF, B+P B+P (B+P)

. . .0
To see Q(P,P,, )is concave or convex we calculate the second derivative % ,

max
i

) M-1 M-2 2 M-1
aQ:—AM[HCP] X +M(M—1)(1+AB)[1+C] ¢ +M(1+A13)(1+Cj X

B () B8 (5+p) 82 (5er)
M-1 (1 5)
=M(1+ ¢ ] : 3C {248’ ~24BC+ MC+C+2B+(2+ ACM -24B- AC)-P |
B+P) (B+P)(B+C+P)
82
e is seen to be non-negative if the following inequality is satisfied:
—2A4B* —24ABC+MC+C+2B+(2+ACM —2A4B— AC)-F, >0 (16)

Now, by applying a conclusion in [27], Formula (14), G,, (012 +P,me12) >G,0; , we see that

implies G, (o‘z +P G, )2 Go?,i.e. AB<1 in our proof.

max — ji

Because multicast receivers are always more than one, so M >1.

Then
MC+C+2B>C+C+2B=2(B+C)224B(B+C) (17)
—2A4B* —2ABC+MC+C+2B>0 (18)
and 2+ ACM 22+ AC224B+ AC (19)
2+ACM -24B—-AC20,P 20 (20)
So (2+A4CM -24B—AC)-B >0, 21)
: >0
Finally P >0.

i

> =
J

Then (£, P’) only has the possibility to exist on the end points of //(e=1,2).

2
At the same time, if (P,P) <!, then SPQ >0.So Q(P,P,)is convex when (P,P)el/U

PG, . 7,(c*+PG,
If (P,-af})eua F‘,- :j—jdk=}/s ,we have Pj :¥'

Jd

Consider Q(F;)z(1+1",. (E,f'j))(lﬂ"j (R,f?/.)), and take the first derivative with respect to
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5Q(3): GG, (aszdk+7st02) 50 (22)

oF (607G, +7,G,(0" +EG,, ))2

Since (22) is non-negative, Q is increasing in the line of /;. At the same time, if (R,P)ely,

%0(p)
o,
Therefore, (P, P’) only has the possibility to be obtained on the end points of //(e=3,4,5,6).
Based on the above analysis, Lemma 2 holds.
We denote the intersection of =P with I, =y

max

>0 . Obviously if (P,P)el;U , Qis monotonically increasing with B or P, .

[, =y, by XX, respectively, the

r’

intersection of B =P, with I, =y,,[", =y by X, X,, and the intersection of P, =F, by V,Y,.

Additionally, we denote C, =(Py,,Pu)>Cy =(Prs0), C; =(Poy>Prox )-Cy =(P,,0) , and the
intersection between I, =y, and ', =y, by X. According to Lemma 2, we know that the optimal
power allocation resides only on corner points of the feasible region ® . Thereby, we conclude that
the optimal power allocation to (5) with feasible region @ resides in the set
AD={X,X,,X,,X,,X,,Y,.,,C,C,,C,,C, )

Some of the points in A® are mutually exclusive because they cannot fulfill the maximum
transmit power constraint simultaneously. Note that there are at most five corner points in
feasible region @ , and some of them may be the optimal solution. Without loss of generality, as an
illustration, the feasible region ® when the optimal power allocation (£°,P;) falls within
& ={X,,X,,X,.Y,,C;} is shown in Fig. 3. So we can easily derive the optimal solution by
traversing the corner points. The optimal power solution is solved in closed form and achieved
from a finite set. With the CSI of all involved links, the base station is able to maximize the
sum throughput of the system by using the optimal resource allocation solution.

P,

A
I L

/ c
P, ' ~ -

X
7, \Uz/ G,

0 7,0°/G, Foin P

Fig. 3. Feasible power allocation region ® when the optimal power allocation (7", P’) falls within 5

5. Simulation

In this section, we resort to the numerical simulation to evaluate the system performance of the
proposed resource allocation method performed in a MATLAB environment. We consider a
normalized circular cell, and the base station is located at the center of the cell. The users
including N cellular users as PUs, one multicast source terminal as SU and M multicast
receivers forming a multicast group, and other idle users are randomly distributed in the cell.
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M=5, N=10. B=10’Hz. The multicast users share the spectrum of only one cellular user and
reuse the resources of the cellular user which BS selects for the D2D communication. The
channel link is composed of large-scale path loss and statistically independent small-scale
quasi-static frequency selective Rayleigh fading. The channel coefficients are outcomes of
independent Rayleigh distributed random variables with mean equal to 1, and the path loss
exponent 6=4, the environment constant L=1 for all the links. For the rate constraints, we
assume y, =0dB equals y, = 0dB to ensure the fairness. For the maximum power constraints

!
weassume P =P =1¥.

Based on the proposed channel allocation and power control method in Section III and
Section IV, for different channel conditions the optimal power is obtained and the sum
throughput of the system is calculated. By inspection of the simulation results of power
allocation, as illustrated in Fig. 4, we see the regular pattern of the two users with different
channel gains, the user with the highest signal to noise ratio (SNR) always transmits at full
power. D2D multicast source terminal transmits at full power with a higher probability
because the multicast group enables network resource sharing and obtains a great gain if the

SNR is good.

Power,W

1 2 3 4

Fig. 4. Power allocation for different gains

By allocating the channel and power of cellular and D2D communications we calculate the
sum throughput and compare the results with different M, i.e. different number of the multicast
receivers. The relation between sum throughput and SNR of PU’s channel link is illustrated in
Fig. 5. The sum throughput increases with the increase of both SNR of PU’s channel and M.
With the increase of multicast receiving users, the multicast group obtains a higher throughput,
so the sum throughput gets higher. What’s more, as M varies, by observing the trends of the
increment of sum throughput, a conclusion is drawn that when the multicast receiving users
gets more, the system can obtain a huger sum throughput. Fig. 5 shows that when the SNR of
PU’s channel is low, power allocation for both users does not change so the sum throughput is
almost constant. As the SNR of PU’s channel is greater than 20dB, the sum throughput begins
to increase with the increase of SNR of PU’s channel link because the power allocation
changes to get better performance.
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Fig. 5. Relation between sum throughput and SNR of PU’s channel

Relation between sum throughput and SNR of the worst user’s channel link in multicast
group is illustrated in Fig. 6. The sum throughput increases with the increase of both SNR and
M. As the increase of multicast receivers, the multicast group obtains a higher throughput, so
the sum throughput gets higher. From the figure we see, when the SNR of the worst user is low,
power is allocated for cellular user mostly, so the throughput is not very high. When the SNR
of PU’s channel is between 0dB and 10dB, power allocation for both users is always achieved
at T', = y,, so the sum throughput is almost constant. As the SNR of the worst user’s channel

link starts to increase to above 15dB, the sum throughput gets higher and higher because the
power allocation changes to get better performance and the multicast users contribute a large
throughput.
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Fig. 6. Relation between sum throughput and SNR of the worst user’s channel in multicast group

As G; of PU channel link changes, SINR of PU is also changing. The relation between the
total capacity of system and the SINR of PU is illustrated in Fig. 7. The capacity of primary
user and secondary users are also illustrated. Fig. 7 shows that capacity of primary user is
increased with the increase of SINR of PU, while capacity of secondary users does not change
with the increase of SINR; until SINR,; reaches 2.8752dB. The reason is shown in Fig. 8, which
illustrates the power allocation for primary user and secondary user. When G; changes and
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SINR; is lower than 2.8752dB, the optimal power is always obtained at ¥, , which is on the line
of [,:T, =y,. Because C, =B log,I", = B log, y,, therefore the capacity of secondary users

B-G 1 . . -
does not change; and because C, = B, log, ————, the capacity of primary user is increased
O

Ji

with the increase of SINR;. When SINR of PU is higher than 2.8752dB, the optimal power is

. b . PG, .
obtained at ¥, which is on the line of /,:T', =y, . C, = B,log, =2~ so the capacity

2
o +F 4 Gy,
of secondary users begins to increase.
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Fig. 7. Relation between capacity and SINR of PU
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Fig. 8. Power allocation for the system with the change of PU channel gain (Gi)

Fig. 9 shows that the total throughput of cellular user and D2D multicast users in a cell as
varying P! for the proposed power control method, where D2D multicast constraint of

ax

maximum transmit power ( P/, ) changes between 0dBm and 30dBm. We compare our

proposed method with the maximization power method, one method without controlling
power, i.e. the cellular user and multicast source terminal always transmit at the maximum
power. In Fig. 9, our proposed mechanism always has higher total throughput than
maximization power control method since it controls the transmission (Tx) power of D2D
multicast source terminal to a certain level and minimizes interference to cellular users using
same resources. Besides, we respectively consider y, = 0dB,5dB,10dB . Fig. 9 illustrates when
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¥, increases, the throughput gets higher. The reason is the interference is limited from BS to
multicast users by the minimum acceptable SINR of the multicast group, so the multicast
group gets a higher throughput. Meantime, results that BS selects the channel of cellular user
for D2D communication randomly and using our method are compared in Fig. 9. The left(blue)
lines represent the proposed channel allocation method, while the right(black) lines represent
the random method, namely Dt senses and selects the channel randomly. It is shown that our
channel allocation method can get better performance. In addition, when the maximum power
continues to increase to a certain value, the throughput is not increased but rather tends to a
constant value. This inspired us how to set the maximum power.
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Fig. 9. Relation between sum throughput and P

max

Fig. 10 shows the interference on primary user and secondary users as varying P, . We

compare our proposed method with the maximization power method. The interference on
primary user of the two power allocation scheme is the same. Because multicast can contribute
a large capacity, BS always allocates the multicast full power. However, the maximization
power control method always has higher interference on secondary user than our proposed
mechanism since our proposed allocation method controls the transmission power of cellular
users, in order to obtain an optimal capacity.
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6. Conclusion

In this paper, based on cognitive radio we analyzed the resource allocation optimization for
D2D underlay multicast communication with the cellular network in a single-cell environment.
We proposed a joint power allocation method for cellular users and D2D multicast groups that
D2D user reusing the resources of a cellular user based on the channel allocation. We assumed
the base station is able to allocate the optimal power for transmitters with the CSI of all
involved links. With the channel gain information the proposed power method maximizes the
network capacity. The optimal power allocation for the network capacity maximization is
found to be not complicated, that the user with the highest signal to noise ratio (SNR) always
be allocated more transmission power. The set of minimum transmission data rate for both
cellular user and D2D multicast user mitigated the interference and ensured services. The
results showed that our proposed power control method had better performance than
maximization power method in most situations because severe interference was effectively
coordinated. Moreover, the proposed method for both cellular users and D2D multicast users
were expected to have higher frequency efficiency.

In future work, we will extend to take into account the scenario where CUEs are using more
than one channel and with multiple cells.
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