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Abstract: Device-to-device (D2D) communications underlaying cellular networks have the
potential to improve spectrum efficiency and link capacity by allowing nearby devices to
communicate directly with each other on the licensed frequency bands. However, co-channel
interference between cellular users (CUEs) and D2D pairs and co-channel interference among
D2D pairs are major issues to be solved. In this paper, we propose an efficient interference-aware
frequency resource-sharing scheme for multiple D2D groups that can efficiently maximize system
throughput by considering grouping method, adaptive antenna arrays, and application of
interference alignment (1A) for the D2D communications. Using a grouping method, nearby D2D
pairs can form D2D groups for the convenience of implementing 1A to cancel the interference
among the D2D pairs in the group. Interference from the eNB to D2D pairs is reduced by the use
of beamforming at the eNB. Furthermore, a greater distance between the D2D pairs and CUEs
assists in reducing the interference between them. System-level simulation results confirm that the
proposed scheme improves cell throughput compared with conventional distance sharing and
random sharing schemes by 8.3% and 23.8%, respectively. The proposed scheme also
demonstrates high cell throughput gain in comparison to the scenario of “without 1A”.

Keywords: Device-to-device communications, Interference alignment, Grouping,
Adaptive antenna arrays, Half power bandwidth

1 Introduction

With the growth of mobile broadband services such as online gaming, mobile high-
definition television, and media sharing services, wireless networks are confronted with
an ever-increasing demand for high data rates. As device-to-device (D2D)
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communications have the advantage of supporting a higher date rate, lower
communications delay, and reducing energy consumption, it has been considered as a key
technology for future 5G mobile communication systems [1]. However, co-channel
interference between cellular users (CUEs) and D2D pairs and co-channel interference
among D2D pairs are the major issues that must be resolved for successful transmission.
To reduce the co-channel interference in D2D communications underlaying cellular
networks, several techniques have been proposed in the existing literature. In [2-3], a new
interference management method was proposed to define a special interference limited
area where the D2D pairs can share the same frequency resource with the CUEs.
Therefore, the interference between the D2D pairs and CUESs can be canceled. However,
these schemes limited the scheduling alternatives for the eNB and reduce the multi-user
diversity gain. In [4-6], effective interference cancellation schemes were proposed based
on the location of the D2D pairs and CUEs. The D2D pairs or CUEs can measure the
signal to interference and noise ratio (SINR) of the channel and then the eNB can decide
whether to allocate this channel to the CUEs or D2D pairs based on the measured SINR.
Even though these proposed schemes can reduce the interference between D2D pairs and
CUEs, the spectrum efficiency becomes low.

Recently, a new interference management scheme called interference alignment (1A)
was presented in [7] to align the interference from the different transmitters in a specific
signal dimension. Then, the remainder of the dimension becomes interference-free space.
Therefore, 1A can achieve high multiplexing gain and degrees freedom of the channel.
However, the majority of the papers consider the IA technology in a multi-cell scenario
with cellular users or in a heterogeneous network (HetNet) scenario where macro cells
and femto/small cells coexist in the cell. For instance, in [8-9], the authors proposed the
use of 1A to mitigate the interference of small-cell users towards the macro-cell eNB.

There are fewer papers that consider IA in D2D communications underlaying cellular
networks. In [10], the author proposed a scheme to apply IA in D2D communications;
however, the frequency resource is used by the D2D pairs that are orthogonal to the CUEs.
Simulation results have indicated that the total sum-rate gain of a cell with D2D can be up
to 31.8%. However, the author only considered symbol-extended IA. From [11], we can
see that 1A with symbol extension in the time domain does not function effectively when
the channel is flat or slow fading. This is because coding over multiple time slots with the
same channel coefficient does not provide the additional signal dimensions required for
alignment. In [12], an effective interference alignment approach for D2D
communications underlaying multi-cell interference networks was proposed. However,
the authors provided only a brief analysis that 1A can achieve (K+1)Q degrees of freedom
for a K-cell interference limited system with Q antennas at each eNB. Therefore, it is
necessary to apply 1A for D2D communications underlaying cellular networks to realize
the vast achievable gain using IA.

Furthermore, the implementation of adaptive antenna arrays in future wireless
systems is expected to have a significant influence on the spectrum efficiency and
optimization of the service quality [13-14]. In adaptive antenna array systems, beam
patterns can be orientated in any direction in response to its signal environment. From
[13], we can observe that two cellular links can operate simultaneously without
interference if the transmitter does not direct its beam to the other receiver. Half power
beam width (HPBW) is usually used to describe the effective antenna beam width. In this
paper, we assume zero gain outside the HPBW, that is, adaptive antenna arrays are useful
for frequency resource sharing under the scenario of D2D communications.
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Fig. 1. System model of multiple D2D pairs underlaying cellular network

In our previous work, we implemented IA with multiple antennas for the D2D
communications underlaying cellular networks [15]. The simulation results demonstrated
that 1A with multiple antennas could achieve improved performance compared to symbol-
extended IA. However, our previous work assumed that there were three D2D pairs in
one D2D group and only one D2D group in the cell. In this paper, we are not only
extending the IA to multiple groups but also considering frequency resource-sharing
scheme between the CUEs and D2D pairs. System-level simulation results confirm that
the proposed sharing scheme performs remarkably well in a D2D communications
underlaying cellular networks. The proposed scheme improves the cell throughput (i.e.,
aggregated throughput of CUEs and D2D pairs) compared to conventional distance
sharing [16] and random sharing schemes [17] by 8.3% and 23.8%, respectively. The
proposed scheme also demonstrates high cell throughput gain in comparison to the
scenario of “without IA”.

The remainder of this paper is organized as follows: In Section 2, we describe the
system model that includes the network model, interference scenario, path loss model,
and antenna pattern. Section 3 analyzes the detailed procedure of the proposed Grouping,
Selection and IA (GSIA) scheme, and Grouping & IA (GIA) scheme. The simulation
results are discussed in Section 4. We conclude the paper in Section 5.

Notations:|A| denotes the modular of A. E(B) denotes the expectation operator overB.

()" denotes the Hermitian transpose operator. null(C) denotes the null space of C,
i.e., null(C)xC=0.

2 System Model
2.1 Network Model

We consider a single-cell scenario for the multiuser cellular network with an eNB
equipped with an adaptive antenna array located at the center of the cell. We assume that
the number of arrays at the eNB is S, each user-equipment (UE) is equipped with Q
antennas, and M CUEs and N D2D pairs are uniformly distributed over the cell, as
illustrated in Fig. 1.
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Fig. 2. Possible intra-cell DL interference scenarios: (a) eNB Tx to D2D Rx, (b) D2D Tx to
CUE. (c) D2D Tx to other D2D Rx

2.2 Interference Scenario

We assume that all the CUEs and D2D pairs are active at the same time and different
D2D pairs in the same group are sharing the same frequency resource. Therefore, it is
necessary to consider three kinds of major downlink (DL) intra-cell interference, as
indicated in Fig. 2. From the Fig. 2 (a), the first severe case of DL interference is from
eNB Tx to the D2D Rx because of sharing the same frequency resources between the
eNB and D2D. Similarly, the second major interference occurs between the D2D Tx and
CUE Rx because of allocating the same resources between them as shown in Fig. 2 (b).
Finally, since multiple D2D pairs in the same group are also sharing the same frequency
resources, as a consequence the mutual interference among D2D pairs will also exist as
shown in the Fig. 2(c). Thus, in order to reduce these major DL interferences, we propose
the interference-aware resource-sharing scheme for multiple D2D group communications
in the section 3.

2.3 Channel Model

The channel model represents the propagation loss that occurs when the signal travels
from the transmitter to the receiver. The general equation to model the channel gain due
to large-scale channel fading is given as: G (dB) = Antenna gain - Path loss - Shadowing.

In this paper, to calculate the path loss (PL) of the UEs residing outside a building and
connected to an eNB, the urban area model is considered as:

PL(dB) =15.3+37.6l0g,, (R), 1)

where R is the distance between the eNB and UE in meters. For a UE located inside a
building and served by an eNB, the PL calculation considers an additional attenuation
factor of 20 dB due to the presence of an external wall.
The UE-UE PL model is the WINNER+ B1 case [18], which can be represented as:
Line of sight (LOS):



PL(dB) = 35.4+22.7log,, (R, @)

Non-line of sight (NLOS):

PL(dB) =33.8+38.4log,,(R,), (3)

where R, is the distance between UE-UE in meters. We utilize the LOS PL model

between D2D transmitter (D2D+x) and D2D receiver (D2Dry) in the same group; the PL
between D2D UEs and CUEs is modeled as NLOS.

Shadowing is caused by obstacles in the paths between the UEs and the eNB/UEs.
This is usually modeled by a log-normal distribution with a mean of 0 dB and standard
deviation X dB, i.e., different channel models have different X values [18]. As we
only focus on a single cell, there is no requirement to consider the correlated shadowing
fading among different eNBs.

Fast fading is a consequence of the constructive and destructive combination of
randomly delayed, reflected, scattered, and diffracted signal components [19]. This type
of fading is relatively fast and is, therefore, responsible for short-term signal variations
that can occur when UEs or reflectors in an environment move short distances. The fast-
fading MIMO fading channel gain from the transmitter to the receiver is usually assumed
to be H whose elements are independent and identically distributed complex Gaussian
variables with zero mean and unit variance [20].

2.4 Antenna Pattern

The antenna pattern for the adaptive antenna array used by the eNB is illustrated in Fig. 1.
From [21], we consider the uniform aperture function:

1 L L
=, ——<x<—,

f(x)=49L 2 2 (4)
0, otherwise.

Then, the function of the antenna pattern becomes [21]:

F(u)= T f (x)e’>™dx =sin(zLu) / zLu, (5)

—00

where L=SxD, S is the number of antenna arrays, D is the array spacing, u is
the electrical angle of the beam, w is the physical angle of the beam, i.e,

u _fsiny SmTW ,and A isthe wave length. o=y, isthe HPBW, i.e., the angular
c

separation where the magnitude of the radiation pattern is decreased by 50% (or 3 dB)

from the peak of the main beam, as illustrated in Fig. 1. HPBW is usually denoted as the

effective beam width.

The antenna pattern for D2D UEs (pairs) is assumed to be omnidirectional.



2.5 Problem Formulation
A. Problem Formulation of GSIA

We assume that nearby D2D pairs can form D2D groups such as
G={0,,9,,.., 9 ywhere G denotes the collection of all possible D2D groups, and

further details will be explained in Section 3. Let g, be the k-th D2D group, g, the i-

th D2D pair in the k-th D2D group, K the total number of D2D groups and N the number
of D2D pairs. The D2D pairs in each group are not overlapped, i.e., g, Ng, =@, k #t.

K
The number of D2D pairs in all groups may not be equal to N, i.e., ng #{1, 2,..., N},
k=1

because some D2D pairs may exist that cannot form D2D groups. The details of the
grouping method will be explained in the following section. In this paper, to reduce the
computational complexity, we assume that one CUE can be selected to share its
frequency resource with one D2D group/pair. Certainly, multiple CUEs also can be
selected to share their frequency resource with multiple D2D groups/pairs. Furthermore,
if there are no available CUEs to be shared by the D2D groups/pairs, the frequency
resource adopted by the D2D groups/pairs are orthogonal to those of the CUEs and thus,
no interference is generated between the CUEs and D2D groups/pairs. G,, denotes the
set of D2D pairs in the D2D groups or no grouped pairs that can share the same frequency
resource with CUE,,.

We address two major interferences in this paper. The first is the interference between
CUEs and D2D groups/pairs; the other interference is between different D2D pairs in the
same group. Assume that eNB and D2D+« send data streams s, and s, respectively, to

its intended receiver with a transmitted power of P, and P,, respectively. The Tx
powers are set to: E[|s,[1=P, and E[s,[1=P,.

The received signal at CUE,, can be expressed as:

Yeug, = «/ Jcue,, ens H CUEm,eNBWCUEm ScuE,
+ Z «fgcwzm,ozouX HCUEm,D2Di_TXVD2Di_TXSD2Di_TX ey, s |1 e{L 2., N}.

ieG,

lcue, p20;

(6)
The throughput of CUE,, can be calculated using Shannon’s equation as:
2
Poe xf oue, .ens H cue, eneWoue
Teue, = Beue, log, (1+ ): (7
cug,, 020, T OcuE,
Thus, the total throughput of the CUEs is:
M
Teue = ZTCUEm 8
=)

where fgCUEmyeNB and fgCUEm'DZDi_TX denote the large-scale channel gain between
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CUE,, and eNB, and between CUE, and D2D,, respectively. The fast-fading channel
gains are Hgye qp €C¥* and Heye o, . €C99, where Q is the number of antennas

on the UE side. Zero-forcing Beamforming (ZFBF) is employed at the eNB that can be
modeled as W=H"(HH")™. For IA to be applied for the D2D groups, we set the IA

linear precoder as V,, €C%". 1l n,, denotes the aggregated interference at
CUE,,, where o, denotes the received noise and B, is the bandwidth of CUE,.

The received signal at D2D, , is:

yDZDi_Rx = gDZDi_Rx'DZDi_Tx HD2Di_RxvDZDi_TxVDZDi_TxSDZDi_Tx
+ Z Yp2p, 402D, o Hoop, 2:D2D; TXVDZDJ- +SD2D,
jeGo ji - - - - - -
Ip2p;,p2D;
+a,gD2Di_Rx,eNB HDZDi_RX,eNBWCUEm Scue, TMoap, o0 1) e{l,2..N},i=#j.
Ib20; cuep

)

Similarly, the throughput of D2D; ., can be calculated by Shannon’s equation as:

X

2
«f gDZDLRX,DZDLTX H Dzoiin,DonxVDzoiiTx
). (10)

|D2Di,D2Dj + ID2Di,CUEm +O—D2Di_RX

P

D2D;

TD2Di_RX = BDZDi |092(1+
Thus, the total throughput of D2D, , is:

Too = ZTD2Di_RX ) (11)

N
i=1

where \jgozo.,Rx,DZDw , \/gbzo.,m,omm . and [gpyp , e denote the large-scale

channel gains between D2D, ., and D2D, ,,, D2D, ; andD2D, and D2D, g

i j_Tx?

and eNB, respectively. The fast-fading gains are eCo?,

HDZDLRX,DZDLTX
HDzoLRX,DzDUXECQXQi and HDZDLRX,eNBECQXl' IDZDLRX,DZDLTX and IDZDLRX,CUEm denote
the aggregated interferences at D2D, . . op,, . denotes the received noise, and
Bo.p, is the bandwidth of D2D, .

From the above analysis and reference [1], we can observe that by utilizing an
efficient interference management algorithm, such as IA, system throughput can be
improved. Therefore, it is necessary to maximally cancel or decrease these interferences.

B. Problem Formulation of GIA

In the GIA scheme, the D2D groups/pairs use an orthogonal frequency resource
independent of the CUEs to avoid the interference among D2D groups/pairs. Thus, the
received signal at D2D, ., is:



YDzD,_RX = gDZDi_RX,DZD,_TX HD2D,_RX,D2D|_TXVD2D,_TXSD2DI_TX
+ Z gozoi_Rx,Dzoj_TX HD2Di_RX,D2Dj_TXVD2Dj_TxSD2Dj_Tx |
j€Gyt, j#i

Ib20;,020;
ijefL2.N'}i=j,
(12)
where G,* denotes the set of D2D pairs in orthogonal groups, and N* is the
remaining number of D2D pairs after the GSIA scheme.

Then, the throughput of D2D; ., can be calculated by Shannon’s equation as:

X

2
PDZDUX «fgozoiin,Donx HDzDU,X,DonX\/DzoLTx
TDZDi o BD2Di log, 1+ ). (13)
- |D2Di,D2Dj TOb2p,
Thus, the total throughput of D2D; ., is:
NL
Tooo :ZTDZDLRX' (14)

i=1

3 Proposed Interference-Aware Resource-Sharing Scheme for
CUEs and Multiple D2D Groups

3.1 GSIA Scheme

In this scheme, D2D groups/pairs can share the same frequency resource with the CUEs.
For the resource scheduling of conventional CUEs, proportional fairness (PF) scheduling
is implemented. This scheme can be divided into three parts as follows:

A. Grouping Method

In this function, we require the number of D2D pairs allowed in each group to satisfy the
feasibility constraint for 1A. Thus, the number of D2D pairs allowed in each group is
l.x =2Q—1 [22], but the actual number of D2D pairs in each group is based on the

decision conditions as indicated in Fig. 3 which is due to the limit of total number of D2D
pairs.
For example, if 3<I <N, | and “3” determine the upper and lower bounds of

the number of D2D pairs in each group, respectively. Similarly, if 3<N<I_, then N
and “3” determine the upper and lower bounds of the number of D2D pairs in each group,
respectively. In the case of 0<N <2, there is no requirement to consider the grouping
method because using this method cannot achieve any gain from IA. We use the location
of the D2Dry as the reference location of the D2D pair because the relative distance
between the D2D+x and D2Dgx of a D2D pair is significantly smaller than the cell radius
and also for reducing the computational complexity. Therefore, we can regard the
coordinates of D2Drx as the position of a D2D pair. The detailed procedure of the
grouping scheme is as follows:



Step-1: Randomly select one D2D pairs which is chosen as the first pair g; in the k-
th group g, .
Step-2: Find other D2D pairs with minimum d;, which are chosen as the

9Z2,9%,..,9m or g2, g’,..,g) pairinthe group g, based on Grouping method 1 or
Grouping method 2, respectively, as indicated in Fig. 3(a) and Fig. 3(b). d; with
jef{l, 2,...,N}, j=i denotes the distance between the i-th D2D pair and the j-th D2D
pair.

B. Selection of CUEs for sharing frequency resource with D2D groups

In this step, D2D groups/pairs select CUEs that can share the same frequency resource, as
illustrated in Fig. 3(c). The detailed procedure of CUE selection is:
Step-1: Calculate the vector angle between D2D, and all the CUEs, i.e.,

{ﬂli""'ﬂMi}'

Step-2: Verify if g.>a, 12, B, €{Bs, Poir - B} I this condition is satisfied, go
to Step 3. Else, move D2D. to the orthogonal group g*, i.e., different orthogonal
groups use orthogonal frequency resources, which will be described in the GIA scheme.

Step-3:  Corresponding CUEs that satisfy the condition, that s,
Lz 12, B €48, P Bt are selected as the candidates for frequency resource
sharing.

Step-4: Calculate the distance between D2D, and the selected CUEs. Find a

Clem with maximum distance from D2D,, that can be chosen for frequency resource
sharing with the D2D group/pair.
L. 1S defined as the vector angle between CUE, and D2D,, it can be calculated as
follows:

The coordinates of eNB, CUE,, and D2D, are denoted as: A=(Xyg: Yens)s

By =(Xcue, » Yeue, )» @nd C; =(Xpy5 5 Yoan, ): respectively. The vector between eNB and
CUE, is AEm = (Xcue, — Xenss Yeue, — Yens) @nd the vector between eNB and D2D; is
AEi:(xDZDi—xeNB,yDZDi—yeNB) . B, is the angle between AEm and A%Ci , e,

L= L(Aém,AEi). Then, the equation to calculate the £, is represented as:

AB. - AC,

B =arcos| —— .
(A8, [+{aC,)

i (15)
AC,

X

a, is the HPBW of CUE_, and different «, can influence the performance of

Step-2, i.e., the smaller a,_, the more CUEs will be selected as the candidates. From our

previous work, we know that the beam width is inversely proportional to the number of
array elements and array-element spacing and is directly proportional to the off-boresight

angle u,. Therefore, we set S=8,D=4/2, and uO:OO. Then, the optimal ¢«,, can
9



be calculated as [23]:

Fu_u) _1si rf zSd (u—u,)| _1

S sin[zd(u-u,)] 2

(16)

Thus, using (16) we have w,,, =, ~12°. As we know that the gain is zero outside the

beam width (HPBW), and since the D2D pairs are out of the HPBW of CU~Em , therefore,

the interference from eNB to D2D pairs will be canceled based on this fact, i.e.,
| - =0. Furthermore, as the selection of CUE also considers the distance metric
D2D, g, CUE,

as the decision condition, i.e., the largest distance between D2D pairs and CL]Em,

therefore, the interference from D2D pairs to CUEs will be decreased noticeably. Thus,
(9) and (10) can be rewritten as:

Initialization :
1 ={D2D,,...,D2D,}# ¢,
G=0, k=1.

No /C%W\‘

3<2Q-1<N?

eck i
3<N<2Q-12

No

Move D2D, to g*.
Update
| « 1 -D2D,

A

|
| Randomly select D2D;, }
| . < D2D,. |
| |Find I, D2D; with min[doze o2, 1
‘ |
‘ |

9, ={gi, 9, 9} g, UD2D;.

Randomly select D2D;,

9, ={gi, 95, Ok } < g, UD2D;.

|

|

) i< D2D,. }
Find N D2D; with min[d;,,p, 5,5 ], |
|

|

[c] Selection of CUE for

|

1<+ Selection of CUE for }
sharing frequency resource |
with D2D group. }

sharing frequency resource
with D2D group.

|
|
I
I
Corresponding CUE,, as the |
|
|
|

iiiiiiiiiiiiii [d3 candidates for sharing frequency.
Application of 1A H .
Then, CUE, <~min{d cye 5o}
O
v v Ly ,
Undat Update ,JL v I
LS _ Ce c-cUE | Apply IAwith multiple antennas| |
C «C-CUEn — G<GUg, k k1. | scheme to the group g, . |
| < 1-D2D,. |
i 1 <1-G. L i 7777777
Update
C« C-CUEn.
G« GUg, k«k+1.
v | < I1-G.
N Move the remaining
” > D2 pairstog*.

Y
Y

End
Fig. 3. Flow chart of GSIA scheme: (a) Grouping method 1, (b) Grouping method 2, (c)

Selection of CUE for sharing frequency resource with D2D group, (d) Application of interference
alignment, (e) Case 1.
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yDZDLRX = 4\’ gDZDiiRX, D2D; 14 H D2D; gy, DZDLTXVDZDLTXSDZDiiTX

+ z 9p2p, rx: D2D;j 1 HDZDi wx: D2D; TXVDZDJ TXSDZDJ- o TNoop, o
j€Gpy, j=i B ) B B B B

|D2Di,D2Dj
Lje{l,2,..,N}, i=].
17)

2
\/ gDZDifo: D2D; 14 HDZDiin: DZDiijDZDijx )

ID2Di,D2DJ- TOpap,

P

D2D; 1«

T

D2D; g BD2D| |ng(1+ (18)

C. Application of interference alignment for D2D group

In this section, we apply IA to the D2D groups to cancel the interference among different
D2D pairs in the same group, as indicated in Fig. 3(d). The basic concept of IA in the
group is to allow the D2Dtx and D2Drx pairs in the same group to jointly design the
precoders and equalizers to suppress the intra-group interference. At the i-th D2D
receiver, the interference from the transmitters of other D2D pairs can be completely
canceled if perfect IA can be achieved. Using multiple antennas, the linear interference
alignment conditions can be described by the following zero-forcing conditions:

UDZDi_RX :nu”[(HDZD,_RX,DZDj w VD2D; ) I (19)
(UozD,in)H HDZDLRX,DZDLTXVDZDLTX =0, i#], (20)
Rank[(uozo RX) HDZD, w: D2D, TXVDZDi_TX]: r. (21)

Equations (19) and (20) guarantee that all the interfering signals at D2D. lie in

i_Rx

the subspace orthogonal to Up,, , Eq. (21) assures that the signal subspace

[Ho2s, . 020 o, Voo, 1 has the dimension r, and is linearly independent of the

interference subspace. In this ideal case, the intra-group interference Z Ip2p,. 020, 1N
jeGy,, j=i

(17) can be completely eliminated. Therefore, (17) and (18) can be rewritten as:

? H
yDZDI Rx gD2D| rer D2D; Tx( D2D; Rx) D2D; gy, D2D; TxVDZDl TxSDZDl _Tx

+(Upyp, )" Nb2p, 4 ibje{l2,..,N}, i=],

i_Rx

(22)

11



TDZDLRX = BozDi log, (1

2
‘\é gDZDi_va D2D; 14 (UDZDi_Rx)H HDZDi_va D2Di_TxVD2Di_Tx ) (23)

OD2D, g

PDZ Di_w
+

After the application of the proposed GSIA scheme, the remaining D2D pairs may be
one or two in a cell. As mentioned above, the reason for this is that if 0<N <2, there is
no requirement to perform the grouping because of the limits of the IA application. Thus,
we can divide this scenario into the following two cases:

Case 1: The number of D2D pairs is less than three. In this case, the remaining D2D
pairs can share the frequency resource with the CUEs without a grouping method as
described in Fig. 3(e).

Case 2: Some D2D pairs cannot share the same frequency resource with the CUEs
because the angle between the D2D pairs and CUEs is less than half of HPBW.
Consequently, interference at the D2D pairs, which comes from the eNB, will be serious.
There is also a possibility that there are no CUEs that can share the frequency resource
with the D2D pairs, although, additional bandwidth exists in the cell. In this case, it will
utilize the GIA scheme.

3.2 GIA Scheme

In this scheme, the remaining D2D pairs can use the additional frequency resource
independent of the CUEs. Therefore, there is no interference between the D2D
groups/pairs and CUEs. The grouping method and application of IA continue to be
required in this scheme. Considering the frequency resource allocation among the D2D
groups/pairs, we implement PF scheduling for these D2D groups/pairs. As the GIA
scheme is only for the integrity of the proposed sharing scheme, therefore, the optimal
frequency resource allocation for this scheme is an open problem that will be addressed in
a future work. The flow chart of this scheme is presented in Fig. 4.
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I“ 1" -G*.
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> g DI

Fig. 4. Flow chart of GIA scheme
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Table 1 Simulation Parameters

Parameter Value
Carrier Frequency 2.62 GHz
Bandwidth 10 MHZ
Total Number of RBs 50
RB Bandwidth 180 KHZ
Number of eNB Antennas 1 with 8 antenna arrays
Number of D2D Tx Antennas 2
Number of D2D Rx antennas 2
Number of CUE antennas 2
Cell Radius 500 m
Number of CUEs 20
Path Loss See path loss model in Section 2 (C)
Shadowing Standard Deviation (eNB-UE) 8 dB
Shadowing Standard Deviation (UE-UE) 4dB
Noise Figure 5dB
Noise Spectrum Density -175 dBm/Hz
Antenna Pattern See antenna pattern in Section 2 (D)
Maximum eNB Tx Power 46 dBm
Maximum D2D Tx Power 23 dBm
Traffic Model Full buffer

4 Performance Evaluation

In this section, we describe the simulation environment and results of the performance of
the proposed scheme. Without loss of generality, we assume that the entire bandwidth is
allocated to the CUEs and there is no additional bandwidths for the orthogonal groups,
i.e., we only estimate the performance of the GSIA scheme. The main simulation
parameters are listed in Table 1. As indicated in Fig. 1, simulations are performed in a
single cell. Path loss model, shadow fading, and antenna gains are considered for the
cellular and D2D links. The average distance between the transmitter and receiver of a
D2D pair is 50 meters [24]. Based on the number of antennas in each UE, the number of
D2D pairs in each group is set to three. Furthermore, we assume that the transmit power
of the eNB and D2Dry are fixed with 46 dBm and 23 dBm, respectively.

Fig. 5 shows the topology of the CUEs and D2D pairs under the proposed sharing
scheme. The number of D2D pairs is assumed to be 60 and the HPBW is 12 degrees in
Fig. 5, where “+” denotes the eNB, the black dot with numeral denotes the D2D pair, and
the pink dot with numeral denotes the CUE. In this figure, we can see that D2D pairs
form multiple D2D groups based on the grouping method. For example, the D2D group is
formed by the D2D pairs of the same number, such as (1 1 1), (22 2), ..., and (20 20 20).
Because the D2D pairs in the same group are located within a short range, we apply IA to
mitigate the interferences. The same numeral with a different color denotes that the CUEs
and D2D pairs are sharing the same frequency resource, e.g., black (1 1 1) and pink “1”.
We can also observe that they are far apart, hence, resource sharing is allowed. Fig. 5
illustrates how the D2D pairs form multiple D2D groups and select the CUEs for
frequency resource sharing in the proposed sharing scheme.
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Fig. 6 demonstrates the number of D2D pair in communication with increase in the
number of deployed D2D pairs for varying HPBW. The simulation result verifies that
larger HPBW results in reduction of the number of D2D pairs in communication. This is
because in order to avoid the interference between the CUEs and D2D pairs, the concept
of HPBW s being utilized. The D2D pairs lying in the HPBW of the CUEs will not be
able to share the same frequency band to avoid the interference. When HPBW increases,
more number of D2D pairs will lie under the HPBW of CUE. Hence, smaller the HPBW
less number of D2D pairs will lie in the HPBW of CUE, which results in more chances of
frequency sharing between the CUEs and D2D pairs. For example, in Fig.1 the B CUE
represented by red circle lie under the HPBW of angle o/2, and the two D2D pairs
represented by green boxes are out of that HPBW, and hence that D2D pairs can share the
frequency band of CUEs. In case, if the HPBW increases then these two D2D pairs will
lie inside the area of the HPBW, and hence will not be able to share the frequency band
with CUEs to avoid the interference. This case especially happens when the number of
deployed D2D pairs and CUEs are large, and D2D pairs are trying to find the CUE to
share the same frequency band. Therefore, the number of D2D pair in communication
varies (increase or decrease) with the increase in the number of deployed D2D pairs for
varying HPBW.

In Fig. 7, we observe that a large HPBW leads to a total throughput loss because of
the reduction of D2D pairs in communication, therefore, HPBW=12 achieves the highest
throughout compared with the cases of HPBW=40 and HPBW=70 in the D2D links.

Fig. 8 demonstrates the negative influence of enabling D2D communications in a
cellular network. Decreasing the HPBW increases the number of D2D pairs in
communication, hence, increases the number of the interfering transmitters to the CUEs.
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Fig. 5. Topology of the proposed sharing scheme for CUEs and D2D pairs.
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Fig. 6. Number of D2D pairs in communication with HPBW=12, 40, and 70 degrees.
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Consequently, the total throughout of the CUEs indicates the worst performance in the
case of HPBW=12, Moreover, an eNB with a different HPBW can allow the same
number of D2D pairs in communications for frequency resource sharing when the
number of deployed D2D pairs is less than 30, i.e., the aggregated interferences at the
CUEs is virtually the same. However, from Fig. 8, we can see that the total throughput of
the CUEs in the case of HPBW=12 is slightly greater than the other two cases owing to
the greater antenna gain of the smaller HPBW [21].

In Fig. 9, we can observe that HPBW = 12 achieves the best performance in terms of
cell throughput combining the CUEs and D2D pairs. Though HPBW=12 can allow more
D2D pairs resulting in a reduction of the CUEs’ throughput, the throughput gain of the
D2D pairs is greater than the throughput loss of the CUEs, which can compensate this
loss.

In Fig. 6, we found that HPBW = 12 is the best choice to reduce the interference for
D2D pairs in communication. Thus, Figs. 10 to 13 are based on the case of HPBW = 12,
i.e., the number of D2D pairs in communications equal the number of deployed D2D
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Fig. 7. Total throughput of D2D pairs with HPBW = 12, 40, and 70 degrees.
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pairs. In the references [16-17], authors consider a frequency resource-sharing scheme
between the D2D groups/pairs and CUEs based on the distance, i.e., the farthest CUEs
are usually selected to share the same frequency resource with the D2D groups/pairs, and
random sharing scheme, i.e., the D2D groups/pairs randomly select the CUEs for
frequency resource sharing. However, this is not sufficient to cancel or reduce the
interference from the eNB to the D2D groups/pairs, especially when there are many D2D
pairs. Therefore, in Figs. 10 to 11, we evaluate the total throughput of the D2D pairs and
cell throughput for the case of the proposed, distance, and random sharing schemes.

From Fig. 10, we can observe that the total throughout of the D2D pairs of the
proposed sharing scheme outperforms the conventional distance and random sharing
schemes. This is because some of the D2D pairs are located in the HPBW of the sharing
CUEs, which are influenced by interference from the eNB in the case of the distance and
random sharing schemes. The proposed sharing scheme not only considers the angle
factor (i.e., the D2D groups/pairs are only located outside the HPBW of the sharing CUES)
but also the distance factor as decision conditions to select the CUEs for frequency
resource sharing. Consequently, the proposed scheme can efficiently avoid interference
from the eNB to the D2D pairs, which results in improved performance in terms of the
total throughput of the D2D pairs.

In Fig. 11, we can observe that the proposed sharing scheme improves the cell
throughput compared with the conventional distance sharing and random sharing schemes
by 8.3% and 23.8%, respectively, owing to the throughput gain of the D2D pairs.

In Fig. 12, we assess the performance of IA in terms of cell throughput, where it
indicates that the proposed sharing scheme with IA can provide a high cell throughput
gain compared to the case of “without IA”. This is because the intra-group interferences
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among the D2D pairs are significantly reduced because of the application of 1A into the
group. The scenario without both grouping and 1A schemes is analyzed in our previous
work [18].

Fig. 13 presents the cell throughput of the proposed sharing and full calculation
schemes. To select the CUEs for frequency resource sharing in the proposed scheme, we
select a random D2D pair as the reference location of its belonging group to calculate the
angle and distance between the D2D group and CUE. The full calculation scheme is
defined to calculate the angle and distance for each D2D pair in the group separately.
Slight throughput degradation due to the use of the full calculation scheme comes from
the additional interference of the D2D pairs in the HPBW by the eNB.

5 Conclusions

In this paper, we propose an interference-aware resource-sharing scheme for multiple
D2D groups and CUEs. The GSIA scheme proposed in this paper considers the angle and
distance factor simultaneously for the grouping of D2D pairs and the application of 1A.
Thus, it can cancel the interference not only from the eNB to the D2D pairs but also
among the different D2D pairs in the same group. Moreover, it can also reduce the
interference from the D2D pairs to the CUEs based on the distance requirement. The
simulation results confirm that, compared with conventional distance sharing and random
sharing schemes, the proposed scheme improves the cell throughput by 8.3% and 23.8%,
respectively. The proposed scheme also provided a high cell throughput gain in
comparison to the scenario of “without 1A”.
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