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Abstract Underlay device-to-device (D2D) communication in a cellular network is

expected to improve spectrum utilization as well as to enable the use of new proximity-based

applications. However, deploying D2D communications in a cellular network poses some

challenges in the system design due to the potential interference between the cellular links

and the D2D links. In this paper, we consider a scenario where a D2D device equipped with

multiple antennas attempts to reuse the downlink resources of an active cellular user. Two

strategies are proposed to handle the interference that the D2D link may cause to the cellular

link. Interference nulling (IN), the first strategy, completely eliminates the interference,

while interference constraining (IC), the second strategy, intends to limit the amount of

residual interference such that the signal-to-interference-plus-noise ratio (SINR) for the

cellular user is ensured to be higher than a certain threshold. Both methods do not produce

additional overhead at the base station (BS), since theD2D side autonomously determines the

transmit signals without involvement of the BS. The results of a numerical analysis are then

presented to compare the performance of these two strategies under various environments.
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1 Introduction

Recently, the wireless industry has experienced a substantial leap in the development of

proximity-based applications, especially for social networking services. This is the moti-

vation to standardize the device-to-device (D2D) discovery and communication of the third

generation partnership project (3GPP) long-term evolution (LTE) [1]. By enabling mobile

users to discover the presence of other users in their proximity and to communicate directly

with each other, instead of through a base station (BS) and core network, the D2D tech-

nique can open up a host of new applications for social networking, local advertising [2, 3],

and public safety [4]. Moreover, the use of D2D communications in an underlay mode can

improve the overall performance of cellular systems in terms of the spectral efficiency,

energy efficiency, cell coverage, traffic offloading, and so on [5–8].

However, spectrum sharing between the D2D and cellular links during underlay D2D

transmissions may result in severe mutual interference, so it is necessary to devise an

effective means to deal with this interference in order to ensure the quality of service (QoS)

for both the D2D link and the cellular link. Recently, various attempts have been carried

out to tackle the interference problem. The authors in [9] presented a power control method

for D2D users in order to suppress the interference from a D2D link to a cellular link. The

power optimization problem was addressed in [10, 11] to maximize the sum rate of cellular

and D2D links by taking the interference of both directions into account. Another approach

is to coordinate the resource allocation of the D2D and cellular links such that a cellular

link and a D2D link under potentially high interference conditions are not allocated the

same resources [12]. Although their approaches are different, all of these methods intend to

lower the power of the interference received at the cellular link to less than a certain limit

in order to protect the cellular users from the D2D transmissions. Resources can thus be

allocated based on either the channel state information or the location information of the

users. However, the methods proposed in these works were built upon a centralized model

where the BS is responsible for managing resource allocation and power control for both

the cellular and D2D communication links. It is important to note that such a centralized

approach usually incurs high overhead, especially when the number of users in the cell is

large.

In this paper, we propose interference-aware D2D transmission schemes to reduce the

interference from D2D links to cellular links, assuming that the D2D transmitter is

equipped with multiple antennas. Multiple antennas can be exploited to improve data rates

through spatial multiplexing, to achieve spatial diversity, and to suppress various kinds of

interference [13]. The use of multiple antennas in D2D communications for various pur-

poses was investigated in a few previous studies. In [14], a codebook-based precoding

scheme was proposed to maximize the signal-to-interference-plus-noise ratio (SINR) of the

D2D link; sequential joint transceiver optimization is an optimization framework proposed

in [15] that maximizes the sum rate of both the D2D and cellular links. In [16], a multi-

antenna transmission scheme was developed for the cellular link in order to not generate

interference for the D2D link so that the SINR of the D2D link improves. In [17], inter-

ference cancellation precoding strategies were proposed at the BS to improve the

throughput achievable for the overall system. However, [17] considered only the case

where the BS is equipped with multiple antennas while D2D users and cellular users have a

single antenna. Similar work was performed in [18] for the case where the number of

antennas for the users is larger than that for the BS. Most of these schemes require a high

level of cooperation among the BS, cellular users, and D2D users, and they also mainly

deal with interference from a cellular link to a D2D link. However, it will be more
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important to control the interference from a D2D link to a cellular link in the sense that the

cellular users should be treated as primary users to D2D users. Motivated by these

observations, we propose interference-aware D2D transmission schemes to maximize the

achievable rate of D2D link while ensuring a good performance for the cellular link.

Specifically, we consider a scenario where cellular downlink resources are shared

between the cellular links and D2D links. As a result, the performance of the cellular user

is degraded due to the interference from the D2D transmitter (D2D-TX). We thus aim to

maximize the achievable rate for D2D communications under two constraints: D2D-TX

power constraint and interference constraint. Assuming that the D2D-TX is equipped with

multiple antennas, we propose two strategies to handle the interference from the D2D link

to the cellular link. Interference nulling (IN), the first strategy, constrains the transmit

signal from D2D-TX to lie on the null space of the interference channel so that the cellular

link is free of the interference. Interference constraining (IC), the second strategy, intends

to limit the interference generated so as to keep the interference for the cellular user below

a certain threshold. We thus provide efficient numerical algorithms to attain optimal D2D

transmit signals based on convex optimization. The transmit beamforming and receive

beamforming matrices for the D2D link are then computed through cooperation between

the D2D-TX and D2D-RX. Hence, the proposed scheme works in a distributed manner in

that each D2D link can be established and managed by itself with minimal involvement of

the BS.

The rest of this paper is organized as follows. Section 2 presents the system model and

formulates the optimization problem. The IN and IC strategies are proposed in Sect. 3. The

numerical results are presented in Sect. 4, and the conclusions are drawn in Sect. 5.

Notations Bold lowercase letters and bold uppercase letters are used to represent vectors

and matrices, respectively. For any square matrix M, Mj j and rankðMÞ denote its deter-

minant and rank, respectively, trðMÞ denotes the trace, and MH denotes the conjugate

transpose. M � 0 indicates that M is a positive semi-definite matrix. In represents an n� n

identity matrix, and E �½ � stands for the expectation operator.

2 System Model and Problem Formulation

In this section, we describe the underlay D2D communication system in a cellular network,

and then establish an optimization problem for transmit/receive beamforming matrices and

transmit power allocation of the D2D link.

2.1 System Model

As illustrated in Fig. 1, we consider a single cell scenario where the cellular user equipment

(CUE) shares its downlink resource with a D2D link comprised of a D2D transmitter

(D2D-Tx) and a D2D receiver (D2D-Rx). The numbers of antennas at the D2D-Tx, D2D-

Rx, BS and CUE are respectively denoted as M1, N1, M2 and N2, and it is assumed that

M1 [ 1, N1 [ 1, M2 [ 1 and N2 � 1. For convenience, the D2D link between the D2D-Tx

and D2D-Rx and the cellular downlink from the BS to CUE are designated as links 1 and 2,

respectively, as shown in Fig. 1. Accordingly, the channel matrix Hij ,
ffiffiffiffiffi

aij
p

Gij is asso-

ciated with the transmitter of the link i and the receiver of the link j for i; j 2 1; 2f g, in
which aij corresponds to long-term channel gain due to path loss and shadowing and Gij

corresponds to the short-term fading. It is assumed that each entity of Gij follows an
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independent and identically distributed (i.i.d.) Gaussian distribution with zero mean and

unit variance. The D2D-Tx is assumed to have perfect knowledge for H11 and H12 but not

to have any knowledge for H21 and H22.

Let x1 and x2 denote the transmit symbol vectors at the D2D-Tx and at the BS,

respectively, and let V and U denote the transmit beamforming vector at the D2D-Tx and

receive beamforming vector at the D2D-Rx, respectively. Then, the received symbol

vectors y1 at the D2D-Rx and y2 at the CUE can be expressed as

y1 ¼ UHH11Vx1 þ UHH21x2 þ UHn1;
y2 ¼ H22x2 þH12Vx1 þ n2;

ð1Þ

where n1 and n2 denote the additive white Gaussian noise (AWGN) vector at the D2D-Rx

and at the CUE, respectively. Each entry of n1 and n2 is assumed to be i.i.d. complex

Gaussian random variables with zero mean and variance of r2n. Without considering the

interference from the BS to D2D-RX, the achievable rate R of the D2D link is computed as

[19]

R ¼ log2 IN1
þ UHH11VSV

HHH
11U

r2n

�

�

�

�

�

�

�

�

: ð2Þ

where S represents the D2D transmit covariance matrix, i.e., S,E x1x
H
1

� �

.

Fig. 1 Underlay D2D system reusing the downlink resources of a cellular link
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2.2 Problem Formulation

When the downlink resources for a CUE are shared with the D2D link, the D2D-TX may

produce interference to the CUE. Obviously, a higher D2D transmit power will improve the

performance of the D2D link while causing higher interference to the cellular link. In other

words, there is a tradeoff between the performance of the D2D link and that of the cellular link

according to the transmit signal at the D2D-Tx. Considering that the cellular link should be

protected against the D2D interference to a certain extent, a fundamental issue is to determine

the optimal transmit signal to attain the maximum throughput of D2D link while guaranteeing

the performance of the cellular link. To solve this question, we first note that S in (2) is

positive semi-definite, and P, trðSÞ denotes the total transmit power of the D2D-TX.

We also note that the real achievable throughput of the D2D link should be lower than

that in (2) due to the effect of the BS on D2D-RX, and the level of this effect will be

mentioned in the next section. Due to the limited knowledge of the channel between the BS

and D2D-RX at the D2D-TX side, it only attempts to maximize its own throughput without

considering the interference from the BS. To ensure the performance of the cellular link,

the SINR at the CUE must be higher than a predefined SINR threshold h. Suppose that the
BS distributes its power P2 equally to each antenna, then we have a constraint given as

trðH22H
H
22P2=M2Þ

trðH12VSV
HHH

12Þ þ r2n
� h; ð3Þ

which can be rewritten as

trðH12VSV
HHH

12Þ�
a222P2trðH22H

H
22Þ

hM2

� r2n , y0: ð4Þ

y0 in (4) represents the maximum level of interference allowed for the cellular link. We

assume that the CUE perfectly knows the channel between the BS and itself. Under this

assumption, the CUE can compute y0 on its own and then sends this information to D2D-

TX. D2D-TX can use it in turn to decide the adequate transmit power.

Finally, the optimization problem can be formulated as

max
S

log2 IN1
þ UHH11VSV

HHH
11U

r2n

�

�

�

�

�

�

�

�

;

subject to

ð5aÞ

trðVSVHÞ�P; ð5bÞ

trðH12VSV
HHH

12Þ� y0; ð5cÞ

S � 0: ð5dÞ

The problem attempts to maximize the achievable rate of D2D the link in the case that the

D2D-TX perfectly knows the D2D channel. The constraint in (5b) corresponds to the

transmit power constraint (�P denotes the maximum transmit power of D2D-TX) while (5c)

corresponds to the interference constraint to ensure the performance of the cellular link.

The constraint in (5d) indicates that the transmit covariance matrix S is positive semi-

definite. Note that the problem falls into a convex optimization problem, and thus it can be

efficiently solved using standard convex optimization methods [20].
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3 Optimization of Beamforming and Power Allocation

We present two approaches to the optimization problem in (5) corresponding to two

different designs for beamforming vectors U and V. Section 3.1 presents interference

nulling (IN) as the first strategy. We design the transmit beamforming vector such that it is

orthogonal to the channel between D2D-TX and CUE. In other words, the D2D signal will

lie on the null space of the interference channel, leading to no interference received at the

CUE. In this case, the left-hand side of (5c) becomes equal to zero, and thus the constraint

is always met. In Sect. 3.2, we present the interference constraint (IC), which constitutes

the other strategy. In this case, the transmit beamforming vector is designed so that the

interference caused to CUE is just below y0. Hence, IN can be regarded as a special case of

IC with y0 set to 0.

3.1 Interference Nulling Strategy

It is necessary to assume that the number of antennas at D2D-TX is more than that at CUE

to realize IN, i.e.,M1 [N2. Under such condition, the singular value decomposition (SVD)

of the channel matrix H12 can be represented as [19]

HH
12 ¼ U0R0V0: ð6Þ

Let A 2 CM1�N2 be a matrix constructed from the first N2 columns of U0 and let H? be the

projection of H11 onto the null space of A, then we have [21]

H? ¼ H11ðIM1
� AAHÞ: ð7Þ

Note that the rank of the orthogonal projection H? is determined as

M? , rankðH?Þ ¼ minðM1 � N2;N1Þ, and the SVD of the matrix H? can be expressed as

H? ¼ U?R?V
H
?: ð8Þ

From (7), it is easy to have

H?A ¼ 0

) U?R?V
H
?AB ¼ 0

) R?V
H
?H

H
12 ¼ 0;

ð9Þ

where B,AHHH
12, which implies that HH

12 ¼ AB. Note that R? is a diagonal matrix with

the last N2 components being zero on its diagonal. Therefore, the first M1 � N2 columns of

H12V? are zero vectors. If we construct the matrix V by selecting the first M1 � N2

columns of V?, we have H12V ¼ 0. Furthermore, if we let U ¼ U?, we have

UHH11V ¼ UHðH? þH11AA
HÞV

¼ UHH?V ¼ R;
ð10Þ

where the second equality is a result of AHV ¼ 0. R in (10) is seen to be a diagonal matrix

with its diagonal components composed of those of R? and zeros. This suggests that if we

adopt V as the transmit beamforming vector at D2D-TX and U as the receive beamforming

vector at D2D-RX, no interference will be generated to CUE. Let �y1 ,UHy1 be the signal
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after receive beamforming, and let x1 ¼ V�x1. Then the signal vector at D2D-RX after

transmit and receive beamforming can be expressed as

�y1 ¼ a11U
HH11V�x1 þ a21U

HH21x2 þ UHn

¼ a11R�x1 þ a21U
HH21x2 þ �n;

ð11Þ

where �n is the post-beamforming noise vector, and it follows a distribution identical to n.

The matrix R will have
ffiffiffiffi

ki
p

on the ith diagonal and zeros elsewhere. This means that the

D2D channel is decomposed into M? parallel independent channels where the ith channel

is associated with input �x1i, output �y1i, transmit power pi and channel gain
ffiffiffiffi

ki
p

. As a result,

the optimization problem in (5) with IN beamforming is reduced to an optimal power

allocation problem as

max
P

X

M?

i¼1

log2 1þ kiPi
r2n

� �

;

subject to

X

M?

i¼1

Pi � �P;

Pi � 0; i ¼ 1; 2; . . .;M?;

ð12Þ

where P, fP1;P2; . . .;PM?g is a vector of optimization variables. The optimal power

allocation to provide the maximum sum rate can be found using the conventional water-

filling algorithm [22]. The optimal solution takes the following form:

Pi ¼ x� r2n
ki

� �þ
; i ¼ 1; 2; . . .;M?; ð13Þ

where x½ �þ ,maxðx; 0Þ, and x stands for the water level that satisfies
PM?

i¼1 Pi ¼ �P:

3.2 Interference Constraining Strategy

Although the IN strategy completely eliminates the interference to CUE, it has a critical

drawback in that it can be used only when D2D-TX is equipped with more antennas than

CUE. The IC strategy proposed in this subsection restricts the interference to CUE to just

lower than a threshold instead of nullifying the interference. Note that this strategy works

irrespective of the number of antennas at D2D-TX. Nevertheless, the optimization problem

becomes more complicated since the constraint (5c) cannot be removed. As a result, it is

not easy to derive a closed-form solution. We propose an efficient algorithm to find the

optimal solution.

The SVD of channel H11 for the D2D link can be written as

H11 ¼ U11R11V
H
11; ð14Þ

of which the rank is defined as M,min M1;N1ð Þ. Accordingly, R 2 CM�M can be

expressed as R ¼ diag
ffiffiffiffiffi

k1
p

;
ffiffiffiffiffi

k2
p

; . . .;
ffiffiffiffiffiffi

kM
p� 	

, where ki’s denote the eigenvalues of H11. We

set V as the transmit beamforming vector at D2D-TX and UH as the receive beamforming
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vector at D2D-RX. Let �x1 ,Vx1 and �y1 ,UHy1, then the signal received at D2D-RX is

given as

�y1 ¼ a11R�x1 þ a21U
HH21x2 þ �n: ð15Þ

Note that the D2D channel is decomposed into M parallel independent channels where the

ith channel is associated with input �x1i, output �y1i, and channel gain ki. Consequently, the
achievable rate for the D2D link can be expressed as

R ¼
X

M

i¼1

log2 1þ kiPi

r2n

� �

: ð16Þ

Moreover, the interference that D2D-TX generates to CUE can be computed from

a12H12V�x1. Let vi be the ith column vector of V, then the interference associated to the ith

antenna of D2D-TX is equal to aiPi, where ai , a12H12vik k2. Therefore, the total amount

of interference that D2D-TX generates to CUE equals
PM

i¼1 aiPi. As a result, the opti-

mization problem in (5) can be rewritten as

max
P

X

M

i¼1

log2 1þ kiPi

r2n

� �

;

subject to
X

M

i¼1

Pi � �P;

X

M

i¼1

aiPi � y0;

Pi � 0; i ¼ 1; 2; . . .;M:

ð17Þ

The solution for (17) can be found by partitioning the problem into two sub-problems, as

given in Lemma 1.

Lemma 1 Consider the following two sub-problems of the original problem (17).

Sub-problem (a)

max
P

X

M

i¼1

log2 1þ kiPi

r2n

� �

subject to
X

M

i¼1

Pi � �P;

Pi � 0; i ¼ 1; 2; . . .;M;

ð18Þ

Sub-problem (b)

max
P

X

M

i¼1

log2 1þ kiPi

r2n

� �

subject to
X

M

i¼1

aiPi � y0;

Pi � 0; i ¼ 1; 2; . . .;M:

ð19Þ
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Then, the optimal solution of the original problem (17) can be either the solution of sub-

problem (a) or that of sub-problem (b). Otherwise, the optimal solution is obtained when

equality holds in both of the inequality constraints in (17). In the latter case, the solution

can be found from

X

M

i¼1

ln 2

uþ vai
� 1

ki

� �þ
¼ �P; ð20Þ

X

M

i¼1

ai ln 2

aivþ u
� ai

ki

� �þ
¼ �y0; ð21Þ

where the water-levels u and v can be determined using an iterative method.

Proof The Lagrangian function for (17) can be defined as

LðP; u; vÞ ¼
X

M

i¼1

log2 1þ kiPi

r2n

� �

þ u �P�
X

M

i¼1

Pi

 !

þ v y0 �
X

M

i¼1

aiPi

 !

; ð22Þ

where u and v are Lagrange multipliers. The corresponding Karush–Kuhn–Tucker (KKT)

conditions are given as

oL
oPi

¼ 0; ð23Þ

u �P�
X

M

i¼1

Pi

 !

¼ 0; v �y0 �
X

M

i¼1

aiPi

 !

¼ 0; ð24Þ

X

M

i¼1

Pi � �P;
X

M

i¼1

aiPi � �y0; u� 0; v� 0; ð25Þ

Pi � 0: ð26Þ

Similarly, we can obtain the Lagrangian functions and KKT conditions for the two sub-

problems (18) and (19), which are omitted here. Note that the sub-problems fall into a

conventional water-filling problem, and therefore they have a unique solution. Let P	
a and

P	
b be the optimal solutions for sub-problems (a) and (b), respectively.

Apparently, there are four possible cases to satisfy the conditions in (24):

Case 1 u ¼ 0; v ¼ 0; ð27Þ

Case 2 u 6¼ 0; v ¼ 0; �P ¼
X

M

i¼1

Pi; ð28Þ

Case 3 v 6¼ 0; u ¼ 0; �y0 ¼
X

M

i¼1

aiPi; ð29Þ

Case 4 u 6¼ 0; v 6¼ 0; �P ¼
X

M

i¼1

Pi; �y0 ¼
X

M

i¼1

aiPi: ð30Þ
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We do not need to consider Case 1 in (27), since it conflicts with (34). Now, assume that

Case 2 in (28) happens, then the Lagrangian function and the KKT conditions in (22)–(26)

are reduced to

LðP; uÞ ¼
X

M

i¼1

log2 1þ kiPi

r2n

� �

þ u �P�
X

M

i¼1

Pi

 !

ð31Þ

oL
oPi

¼ 0; u �P�
X

M

i¼1

Pi

 !

¼ 0;
X

M

i¼1

Pi � �P; u� 0;Pi � 0 ð32Þ

X

M

i¼1

aiPi � �y0: ð33Þ

(31)–(32) correspond to the Lagrangian function and KKT conditions of sub-problem (a).

Therefore, it has the unique solution Pa. The remaining work is to examine whether P	
a

satisfies (33). If it does, Pa becomes the solution of the primal optimization problem.

Otherwise, we continue to consider Case 3 in (29). Similar to Case 2, P	
b becomes the

solution of the primal optimization problem once it satisfies
PM

i¼1 aiP
	
bi � �y0, where P	

bi

denotes the ith entry of P	
b. If neither P	

a nor P	
b can be the solution, we only need to

consider Case 4 in (30). From (23), it is not difficult to derive

Pi ¼
ln 2

uþ vai
� r2n

ki
; ð34Þ

which we substitute into (30) to obtain (20) and (21), considering (26). h

According to Lemma 1, Algorithm 1 finds the solution for (5). After initialization, the

algorithm first computes the solution of the sub-problem (a) and check whether it satisfies a

remaining constraint of the original problem. If it does satisfy the remaining constraint, it

becomes the final solution. Otherwise, the same procedure begins with the sub-problem

(b). If neither sub-problem (a) nor (b) yields the final solution, a water-filling solution

obtained from (20) and (21) becomes the final solution.

Algorithm 1: An algorithm to find the solution of the optimization
problem (5)
Inputs : λi, ai, P̄ , ȳ0
Output: P
Initialize v = 0.
1) Find the solution P∗

a for sub-problem (a). If it satisfies M
i=1 aiP ∗

ai ≤ ȳ0, then
P = P∗

a and break; Otherwise, go to next step.
2) Find the solution P∗

b for sub-problem (b). If it satisfies M
i=1 P ∗

bi ≤ P̄ , then
P = P∗

b and break; Otherwise, go to next step.
3) Find P with equality constraints as
repeat

3-1) Compute u using (20).
3-2) With u computed above, compute v using (21).

until u and v converge;
3-3) Compute P with u and v computed above.
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4 Numerical Results

In this section, we evaluate the performance of the proposed D2D transmission schemes in

a cellular system. We consider a system in which D2D-TX and D2D-RX are equipped with

M1 ¼ N1 ¼ 4 antennas while the BS and CUE have M2 ¼ 8 and N2 ¼ 2 antennas,

respectively.1 Other parameters used for the simulations are tabulated in Table 1. Note that

the parameters are chosen referring to 3GPP TR 36.942 [23]. In particular, a 5 MHz

bandwidth is divided into 25 resource blocks (RBs) with 12 subcarriers in each RB. Each

CUE is assumed to be allocated one RB and a D2D link shares resources with one specific

CUE.

Figure 2 shows the achievable rate for a D2D link versus a transmit power of D2D-TX

(P1) when the interference from the BS is ignored. The IN strategy exhibits better per-

formance than the IC strategy for a high transmit power, i.e., P1 � 18 dBm, since the IN

strategy can fully exploit the power available at the BS. Meanwhile, the achievable rate for

the IC strategy tends to saturate as the D2D transmit power increases because D2D-TX

cannot use up all the power it has due to the interference constraint at CUE. The achievable

rate for the IN strategy continues to increase with the D2D transmit power since no

interference is generated to CUE no matter how large the D2D transmit power is. However,

the IC strategy at a low transmit power slightly outperforms the IN strategy because the IC

strategy can create more spatial channels. This implies that the performance in the low-

power regime is dominated by the number of spatial channels rather than by the inter-

ference since the effect of the interference on the IC strategy is less significant for lower

transmit power.

Table 1 Simulation parameters

Parameter Value

Inter-site distance 500 m

D2D link distance (d11) 50 m

Cellular link distance (d22) 80 m

Distance from the BS to D2D-RX (d21) 200 m

Distance from D2D-TX to CUE (d12) 150 m

Path loss model for D2D links 148:1þ 40 log10 d kmð Þ
Path loss model for cellular links 128:1þ 37:6 log10 d kmð Þ
Shadow fading (v) Log-normal, 10 dB

PSD of thermal noise �174 dBm/Hz

Maximum transmit power of D2D-TX ( �P) 24 dBm

Transmit power of the BS per RB (P2) 26 dBm

Bandwidth (B) 5 MHz

SINR threshold at CUE (h) 10 dB

Number of simulation runs 1000

1 We set up the parameters based on the following criteria: (1) all nodes are equipped with multiple
antennas. (2) The number of antennas at the BS is higher than that at every UE. (3) The D2D-TX is equipped
with more antennas than CUE to meet the nulling condition of the IN strategy.
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In Fig. 3, we present the achievable rate for a D2D link versus a transmit power of D2D-

TX when the interference from the BS is accounted for. When compared to the results in

Fig. 2, the achievable rate for the D2D link is reduced by 0 to 1 bps depending on the

transmit power. Nevertheless, the performance trends are quite similar to those of Fig. 2.
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Fig. 3 Performance comparison of IN and IC strategies considering interference from the BS
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Figure 4 shows the achievable rate for a D2D link for various values of SINR required at

the CUE. As expected, the performance of the IC strategy is shown to degrade as the

required SINR at CUE increases, especially for high D2D transmit power. Obviously, the

performance of the IN strategy will be affected by the SINR required at the CUE.

5 Conclusions

In this paper, we have proposed D2D transmission schemes to efficiently share downlink

resources in a cellular system when D2D users are equipped with multiple antennas. We

formulated an optimization problem that maximizes the achievable rate for the D2D link

while satisfying the transmit power constraint at D2D-Tx and an interference constraint at

the CUE. Interference nulling (IN) and interference constraining (IC) were proposed as two

transmission strategies, and the optimal transmit power allocations are determined for both

strategies. The IN strategy completely eliminates the interference to CUE whereas the IC

strategy limits the interference just below a certain threshold. Numerical results were

presented to evaluate and compare the performance of the two strategies. The IN strategy

was shown to outperform the IC strategy in a high D2D transmit power regime while the

IC strategy is better in a low D2D transmit power regime. With known channel state

information, both strategies can be implemented at the D2D transmitter with minimal

involvement of the base station, without causing overhead to the base station. Future work

will extend the transmission schemes and algorithms developed in this paper to the case

where a CUE shares its resources with multiple D2D links.
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