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only informed about the imperfect channel state information (CSI). First, we drive the achievable data  Available Online: 2019-12-01

rate of single IRS-assisted cooperative communications, and to maximize the achievable rate, optimal

a power-splitting based simultaneous wireless information and power transfer (PS-SWIPT) system and
compare its performance with the traditional decode and forward relaying system. To analyze a more

phase shits for each elements of the IRS node is derived, and finally the optimal power splitting ratio
at the destination is obtained. The system model is extended to consider two and multiple IRS-assisted
system. The respective achievable rates are derived and optimized accordingly. To evaluate the benefits
of using the IRS, we have also derived the achievable rate for a two-hop decode and forward relaying
scheme, wherein both the relay and the destination not only did they equip with pre-dedicated power but
also they can harvest energy from the received signals to provide the required power for the decoding. For ~ decode-and-forward relaying
this case, optimal power splitting factor at both the relay and the destination are optimized. Finally, the
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decoding cost

imperfect CSI
numerical results are presented to examine and compare the performance of the two considered systems.
It is shown that by increasing the size of the reflecting surface, IRS-based cooperative transmission

outperforms the conventional relaying scheme.

1. Introduction

Next wireless communication systems must be designed
in a way to support various use cases; Enhanced broadband
communications, massive machine type communications, and
ultra-reliable and low latency communications. To support
such different services, various key enabling technologies such
as massive multiple-input and multiple-output (mMIMO),
full-duplex radio, cooperative transmissions, device-to-
device communications, small-cell and millimeter wave
techniques are developed to provide reliable communications
and increase the area throughput up to 1000-fold [1]. On
the other hand, to control the development costs of the
network and devices, using low-cost devices along with green
communications techniques has gained research interests to
have a cost-efficient communications network [1-4].

One of the novel promising and cost-efficient scheme
beyond the mMIMO system, to improve spectral- and energy-
efficiency, is to utilize the intelligent reflecting surfaces (IRS) to
constructively control the channel environment [2-5]. The IRS
includes number of low-cost passive reconfigurable reflective
metamaterial elements which can reflect the incident radio
frequency signals toward a desired user or make a null toward
a spatial direction. Recently, the IRS has gained many research
interests due to its different applications, e.g. providing non-
*Corresponding author’s email: mj.emadi@aut.ac.ir

line of sight communications when the direct link is blocked,
the coverage extension of the network, enhancing the secrecy
rate, enabling more efficient wireless power transfer to the
energy harvesting node, and spatial modulation [2-6], and
interestingly these benefits are because of controlling phase
of each elements while consuming low power at IRS [5, 7, 8].

It is worth noting that in the conventional digital
communication systems introduced by Claude E. Shannon
[9], it is assumed that the channel is random and to utilize the
capacity of the channel, one needs to adapt the transmission
and reception schemes. While in IRS system not only one can
optimize the transceiver algorithms, but also can dynamically
reconfigure the channel environment to improve information
transfer. Thus, the principle of IRS open doors to revisit the
fundamental modeling and analyzing of the communication
systems from theoretical to practical points of view [10]. In
[11], energy efficiency of a multi user IRS-assisted downlink
transmission of a mMIMO base station is analyzed which
outperforms that of the conventional multi-antenna amplify-
and-forward (AF) relaying. Effects of hardware impairments
on the capacity degradation of the RIS-based communication
systems is analyzed in [12]. Energy- and spectral-efficiency
of a single-user communication systems is compared for the
decode-and-forward (DF) relaying scheme and the RIS-based
transmission [13]. It is shown that the large IRS-based scheme
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outperforms the DF-relaying one. Instead of assuming
continuous phase shits at each element of RIS, beamforming
optimization of a multi-user downlink data transmission in
presence of discrete phase shifters is analyzed in [14].

On the other hand, to increase energy efficiency of the
system, energy harvesting (EH) and wireless power transfer
has attracted research interests. In a simultaneous wireless
information and power (SWIPT)-enabled system, each EH
node can adaptively manage its received signal for both EH
and or information decoding (ID) [15]. For cooperative
communication systems with SWIPT capabilities many
researches have conducted from different perspective;
Optimal power splitting (PS)-SWIPT schemes for a two-way
DE, and full-duplex DF relaying strategies are analyzed in [16]
and [17], respectively. Two-way massive multi-antenna relay
channel wherein users are capable of harvesting energy via
power splitting for data transmission is studied in [18]. For
an AF SWIPT relaying over Nakagami-m channels bit error
rate of the system is derived in [19]. In [20], SWIPT two-
way AF relay network is considered to maximize the secrecy
sum-rate subject to attaining minimum energy requirement
at the EH node. Besides, in contrary to the conventional
communication system, at the low-power EH nodes, power
consumption for ID, named as decoding cost, may become
non-negligible. For internet of things (IoT) with SWIPT-
enabled nodes, the energy efficiency subject to constant circuit
power consumption is investigated in [21, 22]. Moreover,
optimal power management for EH wireless networks with
decoding cost are studied in [23-25], wherein the decoding
cost function is assumed to be an increasing convex function
of the data rate which simplifies the optimization problems.
Finally, for point-to-point and relay channels with SWIPT-
enabled nodes and perfect channel state information, the
optimal data rate with general non-decreasing decoding cost
function analytically is derived in [26].

To the best of our knowledge, the performance of
the state-of-the-art IRS and SWIPT-enabled cooperative
communication systems has not been studied in the literature.
In this paper, it is assumed that imperfect CSI is available, and
the nodes wherein information is decoded are subject to
decoding cost. Moreover, the performance of the IRS-enabled
system is compared with that of the classical decode-and-
forward relaying scheme. The main contribution of this paper
are as follows

e Deriving achievable rate of a SWIPT-enabled IRS system
with decoding cost and imperfect CSI.

e Achievable rate analysis of the SWIPT-enabled DF relay
with decoding cost and imperfect CSI.

e Presenting closed-form expressions for optimal end-to-
end data rate of the two systems by adjusting power splitting
ratios.

e Extending the results for multiple-IRS scenario.

e Presenting numerical results to evaluate and compare
the performance of the proposed systems.

The organization of the paper is as follows. Section 2
presents the IRS- and relay-based system models. Achievable
rates and performance analysis are derived and analyzed in
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Section 3. Numerical results are discussed in Section 4, and
the paper is concluded in Section 5.

2. System Model

To investigate the advantages of IRS-enabled wireless
system over other conventional cooperative techniques, this
paper considers decode-and-forward relaying as a baseline.
Hence, we consider single-antenna source and destination
nodes where the line-of-sight (LOS) path has been blocked;
however, they can communicate via an assisting IRS/relay
node which has a LOS path with the source and destination.
The system model is depicted in Fig. 1. Moreover, the channel
between each pair of nodes is assumed to be a Rayleigh flat-
fading one.

2-1- IRS-assisted transmission

Assume an IRS with N reflecting elements to cooperate in
transferring information from the source to the destination.
The channels between source-IRS and IRS-destination are
respectively denoted by g, :\/,Bivh,‘, and g,, =+/B.h,which
are Nxlvectors, wherein 8, and S, represent the path-losses
while h,and j indicate the small-scale fading which are
distributed according to a circularly symmetric complex
Gaussian (CSCG) zero-mean and unit-variance random
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variables. The reflection properties of the IRS is denoted by
the following diagonal matrix

G):axdiag[e"gl,...,e'jg“’} (D

where ¢ g are phase-shift variables that one can
optimize them to improve the performance of the system and
ae(0,1] isa fixed amplitude reflection coefficient [8]. Thus,
the received signal at the destination is given by

y=g"0g,Jpxs+n, 2)

where pis the transmit power, s~CN(0,1) is the
information symbol and »n,~CN(0,N,) is the receiver
noise. It is worth noting that for this scenario, the IRS only
cooperatively reflects the received signal by adjusting phase-
shift variables, and the destination performs decoding which
is subject to the decoding cost at the destination. To charge the
battery of the destination to support the consumed power due
to the decoding cost, the destination employs power splitting
technique to harvest energy for the information decoding.
Therefore, the splitted received signal for energy harvesting,
y,,» and information decoding, y,,, are as follows

yEH:\/;y’ le:\ll_py+np (3)

where p € [0,1] isthe power splittingratioand n, ~ CN (0, N, )
denotes the processing noise at the destination. The decoding
cost function at the destination is modeled by an exponential
function of the decodable rate, i.e. p(R)=¢(2" 71) [23].

2-2- Relay-assisted transmission

In this scenario, we consider a fading two-hop DF
relay channel where the relay and the destination employ
adaptive power splitting to partly harvest energy from their
received signals. The relay uses this energy for decoding
and retransmitting of the information. Also, the destination
harvests some portion of the received signal for decoding the
information. Therefore, the relay and the destination have
to select optimal splitting ratios such that the end-to-end
achievable rate is maximized. The received signals at the relay
and the destination are respectively given by

v, =g, [pxs+n, ()

yd:grd\/pl‘xsr+nd (5)

where n ~CN(0,N,) and »n,~CN(0,N,) denote the
receiver noise at the relay and the destination, respectively.
Moreover, s, ~CN(0,1) and p,represent the information
symbol retransmitted by the relay and the corresponding
transmit power, respectively. Similar to equation (3) the
splitted signals for EH and ID at the relay and the destination
are given by

YEn, :\/;iyi’ Yo, = l_piyi+np,i (6)

where ie{r.d}represents the relay and the destination.
Therefore, p, p, €[0,1] indicate the power splitting ratio and
n, ~CN(ON,,).n,,~CN(0,N,,) account for the processing

noise at the relay and the destination. Finally, the decoding
cost functions at the relay and the destination are defined as

o (R)=&(2" 1)

3- Performance Analysis with Imperfect CSI

In this section, performance of the considered systems in
terms of the achievable rate are analyzed and optimized to
improve the performance of the systems.

3-1- IRS-assisted transmission

Here, we first explore the results for a single-IRS case, then
we extend the results for the two-ISR scenario and multiple-
IRS cooperative system.

3-1-1 Single-IRS scenario
In this section, the achievable data rate of the system is
derived, and then optimal power-splitting ratio is obtained.
Achievable data rate

Based on equations (1-3) the harvested power at the
destination is given by

Py :ﬂE{|yEH|2} =

UE{‘ﬁ(gﬁ@gZﬁXH")

} )
sz & [1]g,[1]e”
+E{|n|2}

o pE{|s|2}E{ZZN]:
E{Jn[’}

np|la’pNB, B, +N],

2

a’pE 7)

np

o [, [1e" |2}+

=np

where 7¢€[0,1] denotes the energy conversion efficiency
Furthermore, for computing the achievable rate with imperfect
CSI one can assume that g, =g, +e, and g, =g, +e,, where
&, ~CN(0(B,-N,)1y.y).84~CN(0.(B,-N,)1,.,) and it
is assumed that they are the minimum mean square error
estimationsof g,..8.vand e, ~CN(0,N_I,..).e,, ~CN(O,N, I, )
represent the corresponding estimation errors which are
independent of the estimated channels. Thus, the received
signal for information decoding in (3) can be rewritten as
follows
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Y = Vl _P((&éﬁ te, )” @((é“] +en,)\/;><s+n)+np =
J1=pgiog, Jpxs+ 1-p(8lGe, +el0g, +ejf@e,,t,)\/;><s+1/1 —pn+n, (®)

Theorem 1. The achievable rate of the IRS-assisted system
with imperfect CSI is given by

1- Loy 2
Rips = Inax log, 1_*_(/3)]7#
‘ E{né,,, } o
2 N A
a (l—p)p‘Z & g1
=log'> 1+ 1=1
. BN, +
(1-p) a’pN| BN, + |+N, +N,
N_N

srttrd

Proof: For the received signal in equation (8), the data rate can
be written in the form of the first line of equation in (9). Moreover,
sinceg//0g,, =Y &, [l]¢..[/}”, the values of the phase-shift
variables which'maximize this summation and the data rate is
0,=—arg(g, /]84 [l]) v1. It can be proved that by following the
same steps irowded in [8]. Additionally, the denominator of the

rate, i.e. £ , which becomes independent of the values of
the phase-shift variables is given by

eq

PE {\é’f/ Oe, [ } +
E{‘nw‘z} =(1-p)| pE {‘e(',f@gu ‘z}+

PE {‘e{,’,@e,ﬂ ‘z}+E{‘nd ‘2}

+ E”np‘z} =

PazNﬂ (ﬁ{ rd )

(1=p)| p&’N(B, =N, ) B+ +N, =
pa N( N )(B,—Ny)+N,
[a pN(B,N,,+B 4N, +N_N, )+Nd]+N/].

Note that in the above equation we have used the following

result,
e

E{ "
{gi&, [1g., [k]e. [l [K]e"e m}

2.
k=1
1]\ }

(S
E{Z > 8. [N, [Fleu[le, [K]e"e” } (10)
S el 1)t}

55l e W e

=1
1=l k=l

/ i)

rrl

gw

Mz

S}

(@
=0

N

=’ B, (B, ~N,)=a’NB,(B,~N,),

=1

where (a) is due to the fact that g [/].g,[k].e,[/] and
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e, [k] are independent and zero-mean random variables.
Also, one can evaluate the other two terms in a similar way.

Optimization problem
The data rate maximization problem is formulated as
follows

maximize R,

R = g (11)
subjectto R, = min(R,RS,R )

where R, is the data rate of the system given in equation
(9), and R, represents the decodable rate at the destination
which is given by

R, =¢‘1(PEH +P°). (12)

and P° indicates the inherent power available at the
destination.

Theorem 2. One can obtain the optimal data rate for a
single-IRS assisted system as follows

R =min(Y(Q"(a)),Y(0)), (13)

where

a’(1-x)p

log,| 1+

ﬂerrd+
(1-x)| &’pN| BN, + |+ N, |+N,
Nerrd

a=a’p
N(ﬁerrd+ﬁrstr+Nerrd)+Nd

Sketch of proof: Since R, in equation (9) is decreasing
function of pand R, is an increasing function of p,
similar to the proof of Theorem 1 in [26] the optimum
rate obtains from the intersection of g, and R,.
Remark 1. When the value of the inherent power is larger
than P°>Q(Y(0)), the destination has enough power for
decoding the received signal and therefore it does not need
to harvest energy. In this case the optimum data rate is
R =Y(0).

3-1-2 Two-IRS scenario
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Herein, we extend the results to the case where two distend
and physically separated IRSs contribute to the transmission.
For this setup the received signal at the destination is given by

y= (g;[l@lgrdl +g52@2grd2)\/;><s +n, (14)

where 6, =, xdiag ([M,’ . }) denotes N, x N, diagonal
matrix of the phase-shift variables for the two IRSs and
8.m 8un TePresent N x1 vector of the channels between the
source-IRS and IRS-destination, respectively. Moreover,
me {1, 2} indicates the two different IRSs. Similar to what
is developed in case of the single-IRS scenario with imperfect
CSI, one can account for the imperfection of the CSI by
replacing g, =g, . +€, .8 =& +€,, and therefore the
received signal for information decoding can be rewritten in
the following form

w=v1=p («é;:]@lérdl +§s[ll‘2@2grd2)\/;><s
s"Oe., +e'Og , +elOe, +
+ﬂ|:[%m 1€a1 T €511 8,01 T€,100€, \/;><S+}’l n, (15)

"
FC T +esr]@grd1 te @erdl

srl

[

Theorem 3. The achievable rate of the two-IRS-assisted
system with imperfect CSI is given by

51 @ & 5 9.5 2
81081 T 822802

)

(1-p)p

6.0y,
6 0%, E

neq

2
o Z
(1=-p)p
az; Lo [[:” &0 [[]‘
log,| 1+ BN+ . (16)
alzN BN —
NN,

(]_p) p sr17 Y rdl +Nd +Np
ﬁv2 rd2

+a2 ﬂrdz s2
N, N»dz

sr2

gnll]|.a 1]+

Proof: To find the optimal values of the phase-shift, we
first note that similar to Theorem 1, E{ } is computed and is
independent of the phase-shifts. Moreover, the numerator of
the signal to noise and interference ratio can be reformulated
as follows

g:‘]@]grd] +g’52@zémz = G.::@Grd’

a g ; 6 ON]XJVZ g
GW:{ 11} o= | Grd:{:dl}
82 Oy —O, 842
N

Note that in above equation, we have transferred the

effects of the fixed amplitude reflection coeflicients to the
channel gain such that the matrix @ only contains phase-
shifts, i.e. o-aug([e”, - % .7, .. % ]). Therefore, by following
similar approach as in the case of the single-IRS scenario, the
maximizing values of the phase-shifts obtain as follows

0 =—arg(&,,[i]&,,[1]). ie{l...N};

0 = —arg(gjr2 [1]&,42 [i]), e{l,...N,}.
The harvested energy in the case of 2-IRS scenario is given
by

Py =npE {‘(ggle)lgrdl +20,0,2,,, )\/;S T, 2} = 17

np [[aleﬂm 1 NS B ] p+N, ]

Furthermore, maximum data rate that can be achieved by
adjusting the power splitting ratio is obtained in the similar
way that developed for the single-IRS scenario in Theorem 2.

Proposition 1. The achievable data rate of the multiple-
IRS-assisted system with M separate IRSs where mth IRS
equipped with NN, reflecting elements and with imperfect
CSl is given by

2

M
(1-p) P2 £0,0, 8,0
R, s = nax log, 1+#
n

E “q
M
6 Oy,

v . (18)
@mwmm

N jL172 1o (BnN i + BN g = NN i ):| +N »

m=1

=log, l+

and the harvested energy is % *UP[N +PZ’%Nﬁ ﬂ,,}
Additionally, the optimizing values of power sphttlng ratio is
obtained in the similar way as developed for single-IRS case
in Theorem 2. Finally, the optimizing values of the phase-
shifts are given by

eim = _arg(g:rm [l]grdm [l])’
ie{l,...,N }, me{l,...,M}.

m

(19)

is in the form of »=|2&.0.8u VPxs+n Following similar
approach as in case of the 2-IRS scenario, one can derive the
results.
3-2- Relay-assisted transmission

Here, first the achievable data rate for a two-hop decode-
and-forward relay SWIPT system with decoding cost at the
relay and the destination is derived then optimization problem
is proposed to maximize the end-to-end data rate by adjusting
the power splitting ratios at the relay and the destination. It is
worth noting that the relay and the destination have inherent
powers and they are enabled with harvesting capability to

Sketch of proof: Her(,w the receiyed signal at the destination
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gather extra power to improve the performance.

For this system, based on the received signals at the relay
and the destination given in (4), (5) and their corresponding
split signals for information decoding and energy harvesting
in (6) for imperfect channel state information one can
rewrite the information decoding signals at the relay and the
destination as follows

y[Dr = l_p)‘yr+np,r = l_présr\/;XS+

ll—pr (esr\/;XS-l-nr)—i—l’lp_,,

Y, = l-p,y,+n,, :\/l_pdérd pxs+

NIy (erd\/;xs+nd)+np,d.

Moreover, the harvested power at the relay and the
destination is given by

Py =10, PB,+N, ], (22)

(20)

21)

PEHd =M4Pa ':pﬂrd +Nd]’ (23)

where 7,.17,€[0,1] account for the energy conversion
efficiencies at the relay and the destination. Therefore, the
end-to-end data rate maximization problem is formulated as

maximize R,

P2 — ProPd (2 4)
subjectto R, = mm(Rsr,er,R(p),
where R,.R,.R,are the data rates for the source-relay and
the relay-destination channels and the possible decodable rate
at the destination (due to the decoding cost), respectively;

(-p)l&,p
(l_pr)(pr + NV) + Np,r

R <log, (1 + ] =2f(p,), 25

(l_pd)|§1‘d |2Pr —
(I-p)N,p.+N)+N,, (26)

2/5(p.s Pys R,

R, <log,| 1+

R¢S¢;1(PEHd +Pdo):2j;(prapd7Rz)a (27)
where p, =P,

2w —9,(R)+F’ in which p* and p denote
inherent powers at the relay and destination, respectively.

Theorem 4. The optimal achievable rate for the SWIPT-
enabled decode-and-forward relay with decoding cost and
imperfect CSI is given by

R* :%min(Y(Ql’l(a)),Y(Q;(a))’Y(O)), (28)

t
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Fig. 2. The simulation setup.

where

Q- i{i% w)-r (1 Y(x)j—P,.“— N, }
n,x| 1y (X)) &yl 2 1841

Y(x)_
QZ(X)ZL %}((jl)*_wr[lr(x)j_gﬁ s
x| 18, F-(2" )N, 2 (29)

-1

. (ﬂ,xa—fﬂ, GY(")j+R~°J
px)=1-| Bl :

N/mi ( 1 _ Nz‘d J7 Nd
27 18, 11) 18w

(1-01g,Fp
(1=x)(pN, +N)+N,, |

‘2

Y(x) =log, [1 +

a=g, [ p+N,.

Proof: Similar to the decode-and-forward relay channel
with perfect CSIin [26], / is decreasing, while £, and f, are
increasing in p,. The functions f, and f, are decreasing and
increasing in p,, respectively, while the both functions are
decreasing in R. So, following the same steps as in Theorem
2 in [26], the optimal solution to (24) is the intersection of
the surfaces® = f,(p,), R =f,(p..p,;»R) andR, = f,(p,,p,»R),
if exists, otherwise the intersection of the surfaces R = f,(p,),
R=fp.p-R) and the plane p, =0 or the intersection of the
surface R, = f,(p,) and the plane p, =0.

4- Numerical Results and Discussions

In this section the performance of the considered systems is
explored numerically. To this end, we consider a setup similar
to that of [13] as shown in Fig. 2. It is assumed that there is
a line-of-sight path between the source and IRS/relay as well
as between the IRS/relay and the destination. Moreover, the
channels gains are modeled according to 3GPP Urban Micro
(UMi) in [13]. Therefore, the carrier frequency is 3 [GHz],
and for line-of-sight channel with distances greater than 10
[m] the channel gain is defined as follows

B(d)=-37.5-22log,,(d), (30)

where d represents the distance between the two node.
For the system bandwidth of B=10[MHz] the noise power is
—94[dBm], and without out loss of generality, the amplitude
reflection coeflicient is @ =1. In addition, processing noise
power is assumed to be —84[dBm] which is typically larger
than that of the channel noise. Furthermore, the channel
estimation variance is modeled as N,,,=N,3,,., where
N, €[0,1] in which and N, =1 are corresponding to perfect
channel estimation and useless channel estimation. It is worth
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Fig. 3. Achievable data rate versus decoding cost parameter at the
destination.
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Fig. 5. Achievable data rate versus number of the reflecting elements.

noting that the results are averaged over 1000 realizations of
the channel coefficients.
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Fig. 6. Achievable data rate versus number of the reflecting element
and different channel qualities.
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Fig. 7. Achievable data rate versus channel estimation quality.

In Fig. 3 data rate of the two systems are shown versus
decoding cost parameter at the destination, p,, and it is
assumed that n =0.3. For smaller number of the reflecting
elements relaying scheme outperforms the IRS-assisted
transmission; however, as the number of the elements
increases IRS-assisted scheme begins to outperform the
relaying scenario.

Fig. 4 investigates the impact of the decoding cost at the
relay for n =03. With the increase of p, more power is
required for decoding at the relay and therefore less power
remains for retransmission which ultimately leads to lower
data rate. Furthermore, for smaller decoding cost at the
relay it can outperform the IRS-enabled scenario with small
number of reflecting elements.

Fig.s 5 and 6 depict the data rate versus number of the
reflecting elements. In Fig. 5 the data rate of the IRS-assisted
transmission is compared with that of the relay-assisted
transmission for P°=5 [dBm] and p°=10 [dBm] and
N,=0.3 . As it is shown in this Fig. by increasing the relay’s
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inherent power its data rate increases and outperforms the
IRS-assisted one; however, as the number of the reflecting
elements grows larger than 40 the IRS-assisted transmission
becomes advantageous. Furthermore, from Fig. 6 one can see
that as the channel estimation quality improves the data rate
increases.

Finally, Fig. 7 illustrates the data rate versus variance of
the channel estimation error. As we expect as the channel
estimation quality reduces the data rate for both IRS- and
relay-assisted decreases. This effect for different values of
the reflecting elements and relay’s inherent power holds
and depending on the number of the reflecting element
at for different channel estimation qualities IRS-assisted
transmission may or may not outperform the relay-assisted
one.

5- Conclusions

In this paper, we investigated the impacts of utilizing
state-of-the-art IRS in PS-SWIPT-enabled system where
imperfect CSI and decoding cost was considered to study a
more real world scenario. To understand the advantages of
employing IRS, a decode-and-forward relaying scenario was
also considered. For both systems the maximum achievable
data rates were obtained in the closed-form by optimizing
the phase-shift variables in IRS, and power splitting ratio in
both systems. Moreover, the result of the IRS was extended
to include multiple IRS scenario. Finally, the performance of
the systems examined numerically which pointed out that for
large enough number of the reflecting elements IRS-assisted
transmission outperforms the relay-assisted scenario.
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