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Abstract

Device to device (D2D) underlying massive MIMO cellular network is a robust deployment which enables network to enhance
its throughput. It also improves services and applications for the proximity-based wireless communication. However, an
important challenge in such deployment is mutual interference. Interference, in the uplink spectrum, reusing the same resource
with cellular user, is caused by D2D users. In this paper, we study a distributed power control (DPC) algorithm, using
minimum mean square error (MMSE) filter in receiver, to mitigate the produced interference in this deployment scenario. For
the DPC algorithm, employing the coverage probability of D2D links, an optimal power control approach is proposed, which
maximizes the spectral efficiency of D2D links. Using this modeling approach, it is possible to derive closed-form analytical
expressions for the coverage probabilities and ergodic spectral efficiency, which give insight into how the various network
parameters interact and affect the link. Also, the DPC algorithm is modeled by stochastic geometry and receiver filter is
designed by estimation theory that a new structure in this robust network is an approach to improve spectral efficiency.
Simulation results illustrate enhancing coverage probability performance of D2D links in term of the target (signal to
interference ratio) SIR with respect to different receiver filter and other parameters which are existing in D2D links.

Keywords: Device to Device; Massive MIMO; Power Control; Spectral Eefficiency.

result, the number of antennas at the BS is much greater
than the number of users. Therefore, the link between user

1- Introduction and BS will be orthogonal and the process performance in
this link becomes simple. It means that in the presence of
A. Background interference, the system is the same as matched filter [4],[5].

Based on the fifth generation public private partnership The D2D, without aid of central core and BS, is
(5G-PPP), power consumption is a key performance indicator prOX|m|ty—bas_ed communication in direct transmission [§].
(KPI) in 5G wireless mobile network. This is declined by D2D underlying massive MIMO cellular network, with
many preparations, such as power control (PC) scheme and many opportunities and advantages, is a potentially
received filter designed, which result in power efficiency and enabled wireless network to improve quality of network
spectral efficiency enhancement [2]. The power efficiency ~ Performance and to guarantee quality of service (QoS) [7].
and spectral efficiency play key role in the 5G structure. In However, a main challenge of the mutual interference
this manner, emerging massive multi input multi output model is caused by cellular links when sharing the same
(MIMO) and device to device (D2D) is as a tight key to resource with D_2D Imk_s. _In _thls_paper, we present some
derive the 5G target such as mobile multimedia, fast mobile methods to alleviate the irritating interference.
internet service, drop data traffic and low latency [3]. The first method is applied to MMSE filter in the

In massive MIMO deployment, each base station (BS) is receiver with a special s_tructur(_e to b_oost the (_jesqed signal,
equipped with a significantly great array antennas. As a and also to cancel the interfering signal which influences
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the intended signal. It was confirmed that single-stream
transmission is favored with respect to multi-stream, when
the optimal linear processing strategy, as the MMSE
receiver, is employed [8]. Authors in [9] indicated that
network throughput can be accelerated linearly with the
number of the received antennas, even if a single transmit
antenna is merely used at each node. This gain is important
specially, to use only linear receive processing such as
MMSE and partial zero forcing (PZF). Further, the linear
gain is achieved by the usage of maintaining grade of
freedom in order to restrain interference and to increase
the power of the desired signal simultaneously. Authors in
[10], using PZF, studied the spectral efficiency as a metric
for D2D underlying massive MIMO communication
deployment with perfect and imperfect channel state
information (CSI) at receivers.

Next, using an aspect of resource management means PC
approach, leads to handle network interference. We
investigate the D2D coverage probability P by using the
SINR of the uplink for D2D user. In addition, probability
should be greater than a minimum SINR such as (3. It leads to
a good connection in uplink. Then, applying the stochastic
geometry tools, the coverage probability is derived [11].

Authors in [11-20], in order to handle the interference
and to manage the power resource of network, focused on
the D2D underlying cellular networks. To decrease the D2D-
to-cellular interference in co-existence networks, in [12] a
dynamic PC model was proposed. In [13], for power saving
during the transmission, and in the case of the transmit
power of D2D users' equipment (DUES) and cellular users'
equipment (CUEs) are greater than a specific value, the
powers of these links are matched, since the sum rate of this
system is constant. In [14], a centralized PC model, as a
solution for managing resource, is proposed for D2D-enable
two-tier cellular network. Authors in [15], to decrease the
cross-tier interference between the DUEs and CUEs in the
uplink communication, studied nominating PC schemes. In
this paper, using centralized PC algorithm, two schemes are
proposed, and then we use off-on PC algorithm. A
centralized PC scheme requires global channel state
information, whereas the distributed PC (DPC) scheme
requires only direct link information. In [16], a PC algorithm,
considering a distributed resource allocation, was verified.
Also, using the game theory in uplink system with D2D
communication underlying MIMO cellular network, the
problem in this model was solved. In [17], for a system with
one cell, one D2D pair and multiple CUE, an optimization
approach was evaluated to minimize the transmit power.

The authors in [18], to maximize the sum rate in
downlink D2D communication with cellular network,
introduced a PC solution. It is obvious that PC usually
needs the channel state information (CSI). It is difficult in
D2D, to set cellular network together in the system. The
CSI between links of D2D and cellular communication is a
big challenge. This subject was studied in [16-18]. In [19],

to obtain the coverage probability and average rate for
channel allocation, a D2D overlaid cellular system was
studied. The open-loop PC, using a reference certain value
as allocated power, was adopted to control CUE transmit
power and DUE transmit power [20]. In [21] and [22], to
decrease interference in D2D underlying cellular
communication, a channel allocation scheme has been
studied together with three kinds of PC schemes. The main
aspects of these schemes are managing interference,
compensating large scale path loss, increasing the sum rate
and providing sufficient probability and also, to model this
random network to present PC schemes, stochastic
geometry as a mathematical technique to describe a system
model via special spatial design of user location and to
analyze the system interference, was used. Authors in [28]
proposed an interference alignment algorithm to reduce the
interference of DUE to CUE according to MMSE criterion
to derive the received precoding matrix based on the
initialized transmitted precoding matrix and then power
allocation matrix is derived by using Lagrange duality
based PC. Authors in [29] considered pilot-based CSI
estimation in which known training sequences are
transmitted and used for estimation proposed. During the
training phase, different orthogonal set of pilots are used
for CUEs and DUEs. Also, the BS uses linear MMSE
estimator for the channel estimation. The authors in [30]
derived a closed-form spectral efficiency lower bound for
the CUE and DUE under impact CSI with maximum-ratio
and zero-forcing processing. Also, they used several data
PC problems using SE expressions and then, using convex
optimization, they solved them. The data PC of CUE and
DUE are jointly optimized to guarantee max-min fairness
for the cellular and D2D communications. In paper [31], the
authors constructed a framework for the joint pilot and data
PC for the sum SE maximization in uplink cellular Massive
MIMO systems with a variable number of active users. This
is a non-convex problem to overcome the inherent non-
convexity, an equivalent problem with element-wise
convex structure was derived. An alternating optimization
algorithm was proposed to find a stationary point.

A channel allocation scheme together with a set of PC
schemes in [32] was used to adequately control interference
levels under various static and dynamic conditions. The
authors used distance-based path-loss parameters (with error
margin), varying target SINR in a D2D underlaid cellular
system modeled as a random network.

B. Contributions and Outcomes

The main contributions of this paper are summarized as
follows. We considered a hybrid network model consist of
two kind of ad hoc nodes infrastructure for cellular system
and D2D communication. In uplink cellular, users
communicate with the BS, while D2D users communicate
together with a sufficient distance. The spatial position of
D2D and cellular transmitters are modeled by Poisson point
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process (PPP) with different densities. Such random model,
using the stochastic geometry, is used to introduce irregular
spatial build of user location. The main challenge of this
network is interference between cellular and D2D links. In
this paper, to avoid the interference, using MMSE receiver
filter before receiver signal and PC algorithm, two approaches
are applied. In such network, we propose a PC algorithm
which is named distributed algorithm. The main idea of the
distributed PC algorithm is to use the CSI knowledge in direct
link between transmitter and its corresponding receiver. We
derived the coverage probability of D2D links by applying a
simple analytic of SINR. Firstly, we compute an approximate
expression of ergodic spectral efficiency (ESE) for a typical
D2D link. For this purpose, we consider coverage probability
of the D2D link. Then, we are able to derive the maximum
spectral efficiency of D2D links by achieving the optimal
transmission probability. The spectral efficiency of the D2D
links is in terms of the density of D2D links and the path loss
exponent. In D2D scenario, we suppose that the distance of
D2D transmitter to D2D receiver is fixed. However,
coverage probability of the cellular link is a function of the
distance of CUE from BS. In cellular scenario, the distance
of CUE (as transmitter) to BS is variable. Therefore, the
optimal transmit power of the CUE will be derived in many
different way with respect to distance to the BS.

The remainder of this paper is organized as follows.
Section 2 introduces system model with underling massive
MIMO in cellular system with designing receiver filter to
compute SINR. We present a DPC scheme as an
impressive way to decrease the interference in Section 3.
The proposed coverage probability to find PC is given in
Section 4. In section 5, the spectral efficiency of D2D
links is derived by explaining ESE according to DPC
scheme. Finally, numerical results and conclusions are
shown in Sections 6 and 7 respectively.

2- System Model

In a system model, as shown in Fig. 1, we consider a
network uplink which includes a cell with multiple users
with one BS in the center of each cell. Also, this BS is
equipped with massive MIMO technique and D2D
communication underlying. There are two types of users in
this system, CUE and DUE which means massive MIMO
and underlying D2D respectively. The CUEs and DUEs
share the same resource. We assume that the location of
the cellular users are modeled as the two dimensions plane
according to a homogeneous PPP ¢ with density of Ac.
Also, the spatial PPP is based on a uniform distribution of
users in the network. The location of D2D transmitter are
distributed in homogeneous PPP ¢ with density A, [25].
We present this system in accordance with single input
multi output (SIMOQ) structure, i.e., a transmitter (either
cellular or D2D) applied to an antenna in transmitter. In

this case, all receivers have many antennas i.e. the BS has
M antennas and D2D receiver has N antennas. If the cell
has K cellular users, it should not be bigger than the M. It
means that M should be M>>K. In the downlink
transmission, the CUE receives signal from the BS and
suffers interference from the D2D transmitter caused by
sharing the same resource. Also, the D2D receiver suffers
the BS interference. Since the power of BS is greater than
the D2D receiver, its interference is very annoying. We
study network uplink to find a good condition for QoS.

In this system, by proposing the DPC, we follow the
scheme to reduce the interference. This model is more
considerable than other models, because it only required the
CSlI of the approach nodes in the direct link. It depends on the
distance between the transmitter and receiver. A supportive
adaptive way for DPC is proposed, because it supports its link
when the SINR reduces from {3, then compensates the SINR.

— DSl

L, JCTTITE

Fig. 1. A signal cell D2D underlying massive MIMO cellular network
involving cellular link and D2D links.

The received signals at the BS from typical CUE are as bellow:
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Where x,gc)and xi(d) denote the distance of cellular
transmitter k to the BS and the distance of D2D transmitter i
to the BS, respectively. a. > 2 is the path loss exponent of
CUE_BS link. h” € ¢™** and h{® € CM*' are the
fading channels from cellular transmitter k to the BS and
D2D transmitter i to the BS, respectively. They are
independently distributed with zero mean and unit variance.
u,(f)and ui(d) represent the transmit symbols of cellular
transmitter k to the BS and D2D transmitter i to the BS,
respectively. y,ﬁc) denotes received signal at the
BS. n(©) denotes additive white Gaussian noise. Also, P, =
[P.oye Peje..., P& ]T expresses the profile vector of cellular
transmit power with P ; with the transmit power of the ith
CUE, and Py = [Pyg,... Py j...., Pg,]"expresses the profile
vector of D2D transmit power with P, ; as the transmit
power of the jth DUE transmitter. The transmit power
constraints are P ; < Ppax,- Pai < Pnax,for all links.
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In this research, we compute and proof the SINR for
typical cellular uplink with the MMSE filter as bellow:

SINR} mmse @

_ Pk.c|xk|_achghk
L+1, +0?
L=%¢ bm Pi.c|xi|_achih€1
—a,
= Yje¢p PraBlx|  hihY

Proof. See Appendix A

Where the numerator represents the desired signal
power of CUE K and its denominator represents the
summation of interfering signal power of cellular links and
D2D links and noise power.

The received signals at D2D receiver from typical
DUE are given as

(@ _ @D "%, @ (@
¥ = > P [0 g g
[E(DD Qaq (3)
~ay, 4
+ 3 B O 60w +
jedm

Where x§d>andx1.<6> denote the distance of D2D

transmitter £ to the typical D2D receiver and the distance
of cellular transmitter j to the typical D2D receiver,
respectively. a; > 2 is the path loss exponent of D2D
transmitter__ D2D receiver link. gg,d)and gg-c) are the
fading channel from D2D transmitter € to the typical
receiver and cellular transmitter j to the typical D2D
receiver, respectively. ug‘”and u]@ represent the transmit
symbol of D2D transmitter £ to the typical D2D receiver,
cellular transmitter j to the typical D2D receiver,
respectively. y}d) denotes the received signal at the typical
receiver. nE,d) denotes additive white Gaussian noise.

The SINR of typical D2D uplink with MMSE filter is
given by

(@
SINR, sk . (4)
Pgld =% gi' g,

= —-Q,
Yicou Picldiil™gig!! +Zjcq,Paldi| 997 + 02

Where its numerator represents the desired signal
power of D2D transceiver pair | and the denominator
represents the interfering signal power of cellular links and
other D2D links and noise power. In D2D link, we
perform the same way as accomplished in cellular link.

3- Distributed Power Control (DPC)

In this section, we present a DPC scheme as an
impressive way to decrease the interference. The DPC
scheme needs the CSI of direct link between transceiver
D2D pair. This scheme needs no transmitter coordinate,

since each transmitter can choose transmitter power to
maximize its rate from its receiver. It is disregarding any
interference and possibly influences its link. This scheme,
according to the direct link channel information, chooses
power transmitted from the organized set {0, Ppnox}: Prax
is assigned to transmitter D2D when the quality of its link
is good, i.e.| g,g%| d;;”® > T, and 0 assigned in other
states. It is formulated as bellow:

b= {Pmax,d with Ps}
ko with P,

®)

Where P; is transmission probability and it is explained
as bellow

P =[Pl 9/l i > Ty ©
= eXp(_FminE[dl.lad])

In the DPC scheme, each D2D transmitter is chosen its
power based on some factors such as gain of its
channel g,g , distance with path loss d;,;”*¢ and
threshold criterion of T,,;, . To obtain sufficient PC
scheme, we must select a suitable threshold for T,,;, .
The T, ( P plays key role in coverage property and sum
rate performance. If I',,;;, is chosen very big, compare to
gain and distance, the transmit probability P, will be
reduced and the interference will be decreased. Decreasing
interference leads to decrease the number of active D2D
transmitter. These conditions are motivated us to optimize
the T')in (P). Then, we enhance the D2D efficiency in
order to optimize the T, ( B).

Therefore, the appropriate choice for threshold T,,,;,
and consequently P, can be good modifier for this
comparison. So, to culminate the sum rate in this structure,
we should optimize the coverage probability.

4- Coverage Probability to Find Power Control

In this section, coverage probability of the D2D link,
using stochastic geometry, is computed by concept of
mathematical coverage probability. Finally, considering
the transmit power limit, an optimal PC algorithm is
proposed. In this case, it is assumed that each D2D
transmitted power is independent and power distributed
function are Fp(.) [34]. However, this algorithm only
requires the information in direct link i.e. it is not efficient
for cellular communications. So, it does not guarantee the
reliability of the whole cellular links. The coverage
probability of the cellular links behaves different ways
according to the location of the cellular user. It means that
the impact of the distance of the uplink user from BS is a
key factor to derive the coverage probability [15]. So, the
DPC approach is not enough to guarantee reliable cellar
links. In this research, we compute and proof the coverage
probability of D2D link as bellow
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Proof. See Appendix B

5- Spectral Efficiency of D2D Links

The interference of D2D links, that affects I-th D2D
receiver, s jepp PiaBld| ““g;9" . where je
{1.2.....] A|}. Also, | A| is the number of active D2D
links that is used in DPC algorithm, i.e.,

| Al =2P[| g,9" di ™ > Tpin| nR? = TnR? ®)

For more explanation, signal transmission from all
active link are assumed be Gaussian signal. Therefore, the
signals of interference are also Gaussian. The variance of
the noise is assumed that o2 = 0, which means SINR is
converted to SIR (signal to interference ratio).
Consequently, this expression is sufficient to explain
ergodic spectral efficiency according to DPC scheme. The
spectral efficiency of D2D links is given as bellow

R®) = A x E[log,(1 + SIR))] 9)
=AXRpyp
= 1pmR? X Rpyp

We compute an approximate expression of ESE for a
typical D2D link. For this purpose, we consider SIR and
coverage probability of the D2D link as bellow

Rpap = f wlogz(l + x)[P[SIR; > x]|dx (10)
0

~ [ o= Pl (9dx
by substituting (7) in (10), we will have

= f log,C - exp(A + B) dx
0
Where A, B and C are defined as bellow
(M) 7
. 2
Sin c ( d)

o To(M'R) /adpz/adp *faag, ?

2
sin
g

C=010+x)

Analytical expression of the typical D2D ESE is
obtained by the Laplace transform of link interfering and
approximated expression of the uplink interference.

_2
pi.cz/()(d Pl.d /othZ

However, this is valid for any DPC, when the transmit
power is independent from another D2D links. The
approximated spectral efficiency of D2D links is given as
R® that we can maximize it and then we optimize the
D2D threshold T',,;;,, , as bellow

RMD

= Ap mR?log,(1 + PB) [P[SIR; = B]] (11)

= ApPs mR?log,(1 + B)exp(A + B)

We calculate the optimal transmit power probability,
using the optimization problem theory, as bellow.

max R® (B)

subjectto 0 < Ps <1 (12)
To achieve the optimal transmission probability, we must

differentiate even though the objective function is not concave.

dR® (B)
d Pg
1_M ey P %y

smc( /0!.1) j.d

To determine the P; is maximum or minimum, we must
use the second order differentiation as bellow

=0

(13)
duz Ps=0

a2 R® (p)

o < 0 (14)
2
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Then, we have PS*=min{

considering d;; = d, , the spectral efficiency of D2D links
can formulate as bellow

{n)\DRZFXE for B <P

R® —

® (15)

HxG for B > BB

Where F, E, H and G are defined based on definition of
P as bellow:

P =log,(1+B) (16)
_ MR (PicYag 1
F=Px exp( :in c(i) (Pl,d) d do) a7)
aq
E =exp —wdg (18)
sin c(‘x—d)
o ) (19)

do?(M~1B)%d
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MAcM™B)*d d§ (PiC\ag
G=Pxexp <_W(ﬁ) d) (20)
Where p = (—cU/og) 5%,

m Ap (M~ /%)

The spectral efficiency of D2D links is depended on some
factors. For example, in the case of § < 8, the spectral
efficiency is derived based on the target SIR value 8 and
density of D2D links A,. In the second case, the spectral
efficiency is independent of the D2D density and the effect of
M is lower than the first case. In this research, we compute
and proof the spectral efficiency of D2D links by integrating
of the spectral efficiency of D2D links in (15) with respect to
B. Then, the spectral efficiency of D2D links can be given as

RMd) _

Rig =U+V (21)
Where U and V are defined as

U= [Pu,dx (22)

2
stmco(2 me(X)*d g2 2

U= ( d>i (1+x) ex (_ C(M) 2 ° (P)‘Xd)
exp(—l)doz(%)“d sin C(tx_d)

V= [ Vidx (23)

2

2 2
_ 2 _“AC(%)% 5 ai 2 _"}‘D(ﬁ)ad 2y 1
V= doR? exp(—— by (P d) exp( ) D
It is assumed that distance between transmitter and

D2D receiver is fixed and also, DPC scheme in this
network operates at maximum power.

o

6- Numerical Result

In this section, to evaluate the proposed algorithm,
numerical results are presented. In this research, the BS is
located at the center of the cell with radius of R, in R?
plane. The D2D transmitters are distributed according to
PPP with density of 1,. Also, the distance between the
transceiver pairs of D2D is d. We suppose that the average
number of D2D links in the cell equals to A, TR?.

The cellular transmitters have PPP distribution. We
applied these results for D2D communication underlying
cellular system equipped with two structure, i.e. MMSE
filter and PC method. We show how MMSE filter and
distributed PC method affect the coverage probability
performance gain. Analytical coverage probability
performance gain curves for D2D in terms of SIR are
achieved. Parameters of the simulated network are shown in
Table 1. In this research, we prepared two scenarios. In the
first scenario, we compare effects of two filters in present of
the DPC on performance gain. In the second scenario, the

coverage probability in term of SIR, with MMSE filter and
different parameters in D2D links, is derived.

Table 1. Simulation/ Numerical Parameter

Parameter Value
BS radius of coverage R, 500m
length of D2D link d 20m
quantity of cellular UEs & 20to 80
D2D UEs density 4j 0.00002 and 0.00005
BS antennas quantity M/ 500
UE Rx antennas quantity vV land 8
Cellular max Tx power P, 100mwW
D2D max Tx power Py 0.1mwW
Path-Loss exponent of UE-BS o, 35
Path-Loss exponent of UE-UE «, 4

In the first scenario, the coverage probability
performance gain of the equipped MMSE filter together
with PC algorithm is compared to the case of with PZF
filter that the result are shown in Fig. 2. The coverage
probability have high amount in lower SIR than higher
ones. Also, in the case of using MMSE, performance gain
will be enhanced, especially when the target SIR is low.
This implies that the desired signal is robust and
overcomes the interference. Using MMSE filter in receiver
leads to receive the desired signal and overcomes
undesired signal. However, the coverage probability of
with PZF filter is about 0.2 bps/Hz | less than MMSE filter.

In the second scenario, we compute coverage
probability performance with respect to different
parameters. Figure 3 illustrates the effects of SIR with
variation the number of D2D antennas on the coverage
probability of D2D link. As a result, two curves have
decreased trend in high SIR while the number of antenna is
4 with respect to 8, the coverage probability gain will be
increased. The antenna quantity affects the MMSE filter
deployment as well as PC case. It is notable, the coverage
probability performance gain gradually decreases when the
SIR goes up. This is because the SIR is implied
interference, so the system interference will be increased
as shown in two curves of this figure.

Figure 4 illustrates the effect of SIR with variation of
distance between transceiver D2D pair on coverage
probability of D2D link. It shows when distance of D2D
pair is low, the coverage probability gain in PC algorithm
is better than the case of the distance D2D pair is great.
For instance, in SIR=6 the coverage probability is about
1.99, 1.95, 1.88 in d=20, d=50, d=80 respectively. The
significant reason is that maximum power is allocated to
transmitter which is at the least distance to its receiver.

Figure 5 shows the effects of SIR with PC and without PC
on the coverage probability of D2D links. The coverage
probability performance gain is increased by using PC
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algorithm compared to the case of without PC. Applying PC
algorithm leads to mitigate intra D2D interfering and cross-
tier D2D and cellular interfering. In the SIR=19, the coverage
probability with PC is about 1.82. However, in this SIR we
derive coverage probability without PC nearly 1.80.

Figure 6 illustrates the effects of SIR with variation of
D2D pair density on the coverage probability of D2D links.
This figure demonstrate the analytical result of coverage
probability gain and the result of Monte Carlo simulation with
the increased rang of SIR and two kind of D2D deployment
density. We observe that the analytical performance gain is
matched with Monte Carlo simulation. These curves show
that D2D coverage probability is improved in high D2D
density region in the proposed PC method.

08
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—=— PC with MMSE
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Fig. 2. Coverage probability performance gain of D2D communication
with distributed PC algorithm with PZF filter and MMSE filter.
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Fig. 3. Coverage probability performance gain of D2D communication with
distributed PC algorithm with different number of antenna on D2D transmitter.
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Fig. 5. Coverage probability performance gain of D2D communication
according to PC algorithm and the case of without PC.
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Fig. 6. Coverage probability performance gain of D2D communication
with distributed PC algorithm with different densities D2D.

Authors in [20] evaluated spectral efficiency and
energy efficiency of the hybrid structure using the power
control model. In this research, our final simulation is a
comparison between the performances of our proposed
method and the used scenario in the article [20]. Figure 7
shows the effects of D2D user density on two scenarios, i.e.
the first with the proposed power control model along with
the effect of MMSE receiver filter, and the second without
using the filter. In our proposed method, the receiver filter
model has been added to the proposed system model and
we considered power control method. By applying MMSE
receiver filter, spectral efficiency calculations with power
control and receiver filter are about 4bps / Hz more than
spectral efficiency with power control method without
receiver filter as considered in [20]. Since we want to
show the presence of the receiver filter along with the
power control method to improve the simulation curve, we
introduced the density of D2D users with very small
changes in the surface of a circular cell with radius of
1x10*m. Thus for both scenarios, without filter as well as
with filter the spectral efficiencies are constant curves.
Therefore, applying a filter receiver with a special
structure in the hybrid network along with the power
control model increases the spectral efficiency compared
to a mechanism with the same structure without a filter.
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Fig. 7. The effect of D2D users density with receiver filter and without
receiver filter on spectral efficiency.

7- Conclusion

We cross check the model consisting of D2D
underlying massive MIMO. The network with such
deployment deals with challenging interference.
Mitigating of interference is the result of enhancing an
important metrics such as spectral efficiency.

We followed two way to achieve high spectral
efficiency, utilizing MMSE filter after output of channel
gain and applying the PC scheme (as a way for managing
power resource). They are important approaches to
improve network performances. As a result, both of these
approaches enable the network to reduce interference.
Since MMSE is based on the estimation theory and the
model of PC is according to stochastic geometry. We
derived the coverage probability of D2D links in the
network, eventually spectral efficiency of D2D links has
been calculated according to ESE. Also, the spectral
efficiencies of D2D links are significantly affect the
receiver filter. So, the MMSE filter is the reason of
boosting the power of the intended signal and suppressing
the interferences. Also, the D2D DPC algorithm is more
accommodating to guarantee rate of its links. The DPC
method, the optimal PC way is considered, which
maximizes the spectral efficiency of D2D links.

APPENDIX
A. Proof of Proposition

The MMSE filter is derived based on the estimation
theory, If s;and { s155, ..., s } are favored signal and set of
interfering signals, respectively. Each signal is iid zero-
mean process with magnitude variance a®. As where
go = why and g, = wih,, are the desired signal gain
and the nth interfering signal gain, respectively, Also § is
a random signal that is estimated by the desired signal s, ,
and s,, the nth interfering signal. h,h,, ..., hy are the M x
1 channel vectors and Each vectors is independent zero-
mean unit variance complex Gaussian random variable.

Mo IS an M x 1 noise vector that is an independent zero-
mean complex Gaussian random vector with a1 variance.
wt is the M x 1 vector of MMSE filter. the favored signal
is estimated by

L
So = 8oSo + Z 8nSn 1o (24)

n=1

Where g, = wihy and g, = w'h,, are the desired
signal gain and the nth interfering signal gain, respectively,
Also 8 is a random signal that is estimated by the desired
signal s, and s,, the nth interfering signal [23],[24].

MMSE filter in the receiver leads to minimum mean
square error between the desired signal and the output of
the receiver, so the SINR will be maximized.

€=E[| 8o — sq| *] (25)
€= a?(WHAW — WHh, — hiW + 1)
W = argminE [§ — s1] (26)

Where each signal {s,.s;. .... s} has zero-mean and a?
variance. Also,

L
62
A= (hohll + Z hohfl + 1) 7)
n=1
L
Z:Zh wi o (28)
n+n az
n=1

Where Aw = h, .W = A™1h,

€= a%(1 — hilw)

e=a?(1-g;) @)
after some algebra manipulation, the MSE is derived as
=a’(1 - h{y"he)™" (30)

Based on minimum MSE criterion, the SINR according
the MMSE filter is given as bellow

E[| goso| ]

SINR =
E[| Yh—18nSn + o] 2]

- (31)
SINR = h§ Z hg
B. Proof of Theorem
= d
Pf:o)v = [P(SINRl(.M)MSE = ﬁ) (32)
= u»<1 > [3(2 Picldyil~“agg!! +Z pi-dﬁldl-il_adgjg;l

i€y J€dp

+ 02)P173d141ad(g{191)_1>
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It is assumed that x is exponentially distributed with
unit mean and unit variance. Then, we will have P(X >
C) = exp(—0).

=E (exp _szfdldz.zad(gfgz)l< Z Pildyi|™*g; gt
i€dm
(33)
Y Pl 0] ) \
JEdD /
By definition, g/ g, is the square norm of ||g,||* and
also it is defined a y2,; random variable [29].

gi'gr = llgll*~ x3m (34)

Therefore, g;gfis a linear combination of complex
Gaussian random variables that equals G; and thus G; is iid
unit mean exponential. It follow that

gigi' ~ Exp(1) (35)
Using Eq. (33) we obtain as below

i€ oM jEdp

= E(EXP —Y<Z Pcldy;| 7% + Z Pj.dB|dl.j|_ad+Gz> ) (36)

y=BPjd; " *M™!

Conditioning with respect to transmit power and
distance yields as follow
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