Joint Optimal Power Allocation and Base Station
and Relay Station Placement in Wireless Relay
Networks

Md Habibul Islant, Zbigniew Dziondg, Kazem Sohralyy Mahmoud F Daneshmatdand Rittwik Jan

1Ecole de Technologie Supérieure (ETS), University of GueeiMontreal, Quebec H5A 1K6, Canada
e-mail: nd- habi bul . i sl am 1@ns. etsnt|.ca, zbigniew dziong@tsntl.ca
2Department of Electrical Engineering, University of Arlsais, 3217 Bell Engineering Center Fayetteville, AR 72701
e-mail: sohr aby @ar k. edu
3AT&T Labs Research, 200 S Laurel Ave - Bldg D, Middletown, NJ
e-mail: daneshmand@tt. com
4AT&T Labs Research, 180 Park Ave - Building 103, Florham P&tk
e-mail:rj ana@ esear ch. att.com

Abstract—In this paper, we consider a finite geographic area of world-wide energy consumption.
with multiple mobile stations (MSs) uniformly distributed within Given the clear need to reduce the energy consumption,
the area and multiple candidate locations (CLs) for deployig the fundamental challenge is how to reduce the overall power

base stations (BSs) and relay stations (RSs) to serve the MSs fi f wirel tworks whil intaini d
For this network scenario, we study the joint optimal placenent consumption of wireless networks while maintaining adégua

of BSs and RSs into those CLs and MS and RS power allocations coverage, quality of services, and reliability. Wirelesay
such that the sum-capacity of the network is maximized whiléghe network (WRN) can provide a favorable platform to address

target data rate of each MS is achieved. In order to investige the  thjs challenge. The underlying technology of WRN is cooper-
energy-efficiency trade-offs between deploying BSs and RS8e  44ive communications (CC), which is shown to be a promising

provide an iterative algorithm which first maximizes the sumrate hto | dat ¢ d reliability i irel
of the network by optimally deploying a certain number of BSs aPProach to increase data rates and reliability in wireless

Then, the algorithm decreases the number of BSs to be deplaye networks [1]-[3]. In WRNSs, lower energy consumption is
optimally by one and continues deploying RSs until the same achieved via using less transmission power due to smaller

sum-rate is achieved. The process continues until the numbef  distances between relays and terminals, spatial diveesiiy
optimally deployed BS is 1 and the number of optimally deplogd i efficient signal processing schemes such as distdbut

RSs is less than or equal to the total number of candidate RS . o . .
locations. Our numerical results suggest that significant gins in  2eamforming [4], distributed space-time coding [5], [6{c.e

terms of reduction of total transmitted power can be obtainel by ~Replacing long-distance MS-BS links with multiple shorter
replacing BSs with RSs. However, this gain diminishes wherhe MS-RS and RS-BS links results in an enhanced end-to-end
number of BSs became too small which makes the BS-RS anddata rate since the links with shorter distances suffer less
RS-MS distances too large for energy efficient communicatits.  5uenuation. Proper placement of RSs may also improve the
channel quality by removing any obstacles between MSs and
BSs. Another attractive feature of RSs is that RSs are less
In the face of increasing worldwide energy demand, globebmplex and have lower installation and maintenance costs
warming concerns, and volatility in energy supplies andgsj than those of BSs. Due to these appealing features of RSs,
governments, standards bodies, the research community, 8%RNs have drawn extensive attention among both industry
industry have all recently recognized the need to improee tAnd academia. It should be noted that an efficient BS and RS
energy efficiency of the communications part of the informglacement strategy along with the optimal assignment of BSs
tion and communication technology (ICT) sector. Within thand RSs with MSs, and optimal MS and RS power allocations
communications component of ICT, recent studies have shoae critical in exploiting the full benefits of WRNs.
that the largest elements of power consumption are accesRegardless of the numerous advantages of RSs, one cannot
networks (wired and wireless) rather than core networkighore the fact that RSs have smaller coverage and less
This is not surprising due to the larger number of netwonesources (e.g. transmission power or bandwidth) as cardpar
components in access networks compared to core netwottsthose of BSs [7], which indicates a trade-off between
and the pervasiveness of relatively power efficient optictie cost and efficiency of BSs and RSs in the joint optimal
technology in the core. Reducing the total power consumpti8S and RS placement and MS and RS power allocations
of wireless networks is is an well recognized way to improveroblem. In our joint optimal power allocations across MS
the energy efficiency and thus to contribute to the reductiamd RS transmissions and BS and RS placement problem, we
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investigate the trade-off in energy efficiency of BSs and RSsfor a single RS [14] and for two RSs [15] in an 802.16j
achieving a certain sum-capacity of the network. Specljicaltype cell using decode and forward (DF) cooperative relgyin
we consider a finite geographic area with multiple BS antdchnology. In [16], [17], the authors developed an intgayer
RS candidate locations. A certain numbers of BSs and R@amming formulation for the problem of realizing coverage
have to be placed in those candidate locations to servenarelay architectures. Unlike the work in [16], [17], in the
number of MSs uniformly distributed within the geographisubsequent work, Yet al. considered the capacity constraints
area. The objective is to optimally place BSs and RSs in&d BSs in joint BS and RS location planning. In [7], the aughor
candidate locations, assign them optimally with MSs, ammbnsidered jointly deploying a number of BSs and RSs to serve
allocate optimal powers among MS and RS transmissions siMBs distributed arbitrarily in a given geographic area sihet
that the sum-capacity of the network is maximized while thiae cost is within a predefined budget and the system capacity
target rate of each MS is achieved. We note that this probléesnmaximized. The authors in [7] investigate the impact of
formulation involves integer variables (to characterize &d different deployment profiles on network capacity and fags
BS assignment with MS) and nonlinear constraints (target dand cost-efficiency trade-offs between BSs and RSs. Their
rate constraints). It is well known that in general, a mixediumerical results show that the deployment of RSs results in
integer nonlinear program (MINLP) is NP-hard, which is thenhanced system capacity and fairness as long as the number
main difficulty here. However, an MINLP formulation doesf BSs is not too small. Finally, in [19], the authors studg th
not mean the problem itself is NP-hard (unless the problempact of relaying on the coverage of 3GPP LTE-Advanced.
is proved to be NP-hard). We use TOMLAB [8], a MATLAB They propose a novel evaluation methodology that can be used
based commercial software, to find the near optimal solutidm find a relation of relay node (RN) transmission powerorati
of the combinatorial problem. between number of BSs and RNs, and performance of the
In order to investigate the energy-efficiency trade-off besystem.
tween BSs and RSs, we first consider a BS-only deploymentAll the above works considered fixed transmission powers
scenario and solve the joint optimization problem for aaart by BSs (for downlink), RSs (for both downlink and uplink)
number of BSs and no RS. The maximum capacity achievadd MSs (for uplink). However, power control is necessary to
by this deployment is treated as a target sum-capacity f@duce the energy consumption and optimal assignment of BSs
subsequent relay based deployments, where in each caseameg RSs to MSs. In this work, we consider joint optimization
reduce the number of BSs to be placed optimally by 1 amd MS and RS power allocation, BS and RS placement and
increase the number of RS placements to solve the joesignment of deployed BSs and RSs to MSs.
optimization problem until the target sum-capacity is agbd. The rest of the paper is organized as follows. Section I
For each case, the total MS plus RS transmission powerpi®vides the system and signal model. The capacity maxi-
calculated and compared. mization problem is formulated and analyzed in Sectionlil.
Section IV, we provide an iterative algorithm to investigytie
A. Related Work energy-efficiency trade-offs between BSs and RSs. Reslilts o
The node placement problem in telecommunication domathe simulations are provided in Section V. Finally, conitas
which targets at optimal placement of network equipmentsuare drawn in Section VI.
as BSs, access points (APs), RSs, and gateways, is extended
from the fundamental study of facility location akemedian
problem in operations research. Due to the variety of prakti We consider a square service area where multiple MSs are
placement in wireless networks, we have withessed a gre#tributed within the service area. Within the same atesret
diversity in the design objectives of network architectarel are predefined sets of candidate locations for the placement
placement algorithms. Recently, RS placement problem hefsBSs and RSs. Multiple BSs and RSs can be deployed
drawn great attention in different application scenarggh in the network. An MS can either directly transmit to a
as cellular networks [9], wireless sensor networks [1@}[1 BS or transmit to a BS with the assistance of an RS. We
wireless local area networks [13], and IEEE 802.16j networlassume that if an MS directly transmits to a BS, it does
[7], [14]-[18]. In [13], Zouet al. studied the placement of anot need the assistance of an RS. Similarly, if an RS assists
given number of relay stations in a multi-rate WLAN cell withan MS to forward its data to a particular BS, there would
a given MS distribution. They solved the optimization pevhl be no direct transmission between that MS and any BS.
by an iterative algorithm based on Lagrangian relaxatiohlowever, a BS or an RS can be accessed simultaneously
While the objective of the work in [11] involve the effortsby different MSs at their assigned frequency bands using
in optimizing network lifetime, the objective of the work inOrthogonal Frequency-Division Multiple Access (OFDMA)
[13] is to improve the network throughput. However, botlkechnique. In other words, orthogonal transmissions aeel us
objectives create cost-effective carrier environmenhwih- for simultaneous transmissions among different MSs bygusin
demand resource allocation. Hati al. [12] formulated the different channels and time division multiplexing is emysd
joint energy provisioning and relay node placement probleby the relaying schemes. We assume a conventional two-stage
into an MINLP, and a heuristic was developed to solve it. amplify-and-forward (AF) relaying scheme [1], [20]. Due to
Lin et al. considered the problem of optimal RS placemerthe same orthogonal assumption, multiple RSs can forward th
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data of multiple MSs to a single BS. We also assume that aapacity of MG is given by

MS can be assisted by at most one RS. Ms—BS s—as
Let Sps = {1,.... N}, Sws = {1,..., M}, and Sys = i = logy (1+ SNRE™) 2)
{1,...,K} be the sets of candidate locations for BS andhere, without the loss of generality, we assume the channel

RS, and the set of MSs, respectively. Séts, Szs, andS,s bandwidth to be 1 and
are disjoint sets. To keep the description simple, we wié us Pien|grn|?

SN S—BS __ kn gkn 3
MS;. to denotekth MS and B§ (RS,,) to denote the BS no T 2 ©)
(RS) deployed in the candidate locatiane Sgs (m € Sge). "
We will also use the notations GL (CL?) to denote the

nth (mth) candidate location of BS (RS). Lek,, ~Arm, and . . . .
. ; ) On the other hand, if MSis assisted by RS to transmit
dnn» denote the channel gains for the links MBS,,, MS; its data to BS, i.e. g, — 1 and zy(r’fr)l — 1. during the first

RS,., and RS,-BS,, respectively. The channel gains ma)%

is the signal to noise ratio (SNR) at the receiver of,Br
the direct transmission of MS

include the effects of path loss, shadowing, and fadingt Fl me ZIOt.’ M?F} tr?nstns|t53k Itot RS’”‘bThe i:gnal received by
fading channels are assumed among MS-BS, MS-RS, al §” uring the first ime slot can be written as

RS-BS links. We assume that the transmission frame length e =/ QrmPkm Sk + Um (4)
is small compared to the channel coherence time and as a . . : 9
result all channel gains can be considered fixed during tw@erevm IS the AWGN at RS, with variancev

m*
time of interest. To facilitate further discussion, we defthe During the second time slot, RSnormalizes its received
following notations.

signal and retransmits it to BSFor RS,,, the normalization
factor is

e Py, :transmit power of Mg, k € Sy directly connected
with BSn, n e SBS. A, = \/ E[ TZ:RSP] - \/ka|hkm|2 + I/,,2” . (5)
* Qrm @ transmit power of M, k € Sys connected With  tperefore, during the second time slot, the received signal
E(S'kf)“_m € Ses: _ at BS, can be expressed as
o Fpm @ transmit power of R, m € Sgs connected with
both MS,, & E SM_S and BS,, n_ € S . ,rxfn—;s—ss _ L Fr(rfrzdmn?“Z:RS‘f' U, (6)
« by, : BS location indexb,, = 1 if a BS is placed at Cf; Qkm
otherwiseb,, = 0. Qkm FT(rfgr)L
« m : RS location indexr,, = 1 if an RS is placed at = T 5 dmnhkm +dn, (7)
CL"s; otherwiser,, = 0. QrenlPaem |55+ v,
e T4, : location allocation indexzy, = 1 if MSy, k € S,s Where 4
directly transmits to B, n € Sgs; otherwise,z, = 0. Uy = oy + Un
e Yrm . location allocation indexy,,, = 1if MSg, k € Sys Qrem| e |? + V5,
is assisted by RS, m € Sgs; Otherwise,yy,, = 0. is the equivalent noise term at BSIt can be easily shown
« 2% - location allocation indexz¥) = 1 if RS,,, m € thatd, ~ CN(0,52) with
Sks, assists MB, £ € Sys to transmits its data to BS (k) 2 9
. H (k) ~2 2 an|dmn V’m
n € Sgs; Otherwise,zy,n = 0. 6; =05+ 5 5 - (8)
« ¢ : achieved data rate of MSk € S, Qrm|hkm|? + V2,
e ¢ : minimum data rate demand of MSk € Sys. BS,, applies maximal ratio combining on the signal received
« o2 : background noise variance at BS: € Ses. during the second time slots. With AF relaying, the achiévab
« 12, : background noise variance at RSm € Sgs. rate of MS; is given by
If an MS is directly connected with a BS, it needs only one o RSTE — log, (14 SNRS-"78s) | 9)

time slot to transmit its signal. On the other hand, if an MS o Rs_BS - .
is connected to a BS through an RS, then under AF scheM’Qere SN is the received SNR at BSdue to the

in the first time slot, an MS transmits unit power signal tgfansmission from M via RS;,. From (4) and (7), we get
an RS. In the subsequent time slot, assuming the RS knows =~ S Qo dyn |2 e |2

the channel state information (CSI) for theMS-RS link, the SNRE, =™ = F(’“)|d 202 1 (Qromhrom|? + 02.) 02 :

RS normalizes the received signal and retransmits it to the Sl Em Frn Tk ™ M0
o . . . 2

destination BS. Let;, be the unit power signal, i.&[||sx||*] = Now, since the binary variables, }, {ysm}, and o)

L, transmitted by M$, whereE[] denotes the expectatlonare unknown, the achievable rate of MSk < [1, K|, without

?hpeer:&t:loer. rlcfecl\g?/; (ilirenc;lyo(f:o'\zgtcsglvzg; %ﬁ 'éi' fégs:edl'as the knowledge if it would directly transmit to a particulaSB
9 P or indirectly transmits to a particular BS via a certain R&y c

s =es _ /PronGn St + U | (1) be expressed as

N M N
where u,, is the additive white Gaussian noise (AWGN) at . _ Ms—BS (k) Ms—Rs—Bs
. . . . . k= TknCp, T Ykm Zrnn Chorms . (11)
BS, with variances?2. In this case, the maximum achieved Z "kn Z Z memnTkmn

n=1 m=1n=1




Note that since an MS is either directly connected with a B&ssisting a particular MS can only be connected to a single
or indirectly connected with a BS via an RS, in (11), the valuBS; also if the RS is not deployed in a candidate location,
of only onexy,, or the values of a pair O(ykm,z,,(,]f,)b would it cannot be associated with a BS. Constraints (12f), (12g),
be 1 and the values of all other binary variables would be @nd (12h) ensure that no MS is assigned with a BS that is
not deployed in a BS CL, no MS si assigned with an RS that
lll. CAPACITY MAXIMIZATION PROBLEM is not deployed in an RS CL, and no RS is assigned with a
In this work, we want to solve the following joint opti- BS that is not deployed in a BS CL, respectively. Constraints
mization problem. Given the candidate locations of BSs afé2i) and (12)) state that the total numbers of BSs and RSs tha
RSs, a number of MSs, maximum power budget of MSs afged to be deployed arg and M, respectively, wheréV and
RSs, and minimum data rate demand of MSs, find the optim are chosen by the network designers. The non-negativity
power allocations{P;.}, {Qim}, {Frm}, optimal location of the power allocation variables and the maximum power
variablesb,,, r,,, and optimal location allocation variablesPudget constraints of MSs and RSs are captured by constraint

{2k}, {yem}, and {Zr(r]f’r)L} such that the sum-capacity of the(le), (121), and (12m). Finally, constraints (12n), (L24Rp),

system is maximized while the minimum data rate demarz(ggi (irznqgn?a\jgzlg?;C;ﬂﬂ'tggsaf:gtyssigiti';ﬂns'\giéggfje
{ripin} of each MS is met. 9 ’

Let Ppax and Fi,,x be the maximum transmit power budgepmary'

. . ; : .~ The optimization problem described in (12) is a mixed
of M.SS and RSs. Usnjg.the. notations defined in the pre\_/loll#] eger n%nlinear prc[))gramming (MINLP) pr(()blém which is
section, the above optimization problem can be mathemlgttlca'\“:)_hard in general, due to the discrete nature ,of the MS-

expressed as follows. . ; .
P BS, MS-RS, RS-BS assignment variables, BS and RS location
K variables, and the continuous nature of the power allogatio

Maxi mi ze ) ey (12a) variables and all the constraints associated with bothethos
k=1 discrete and continuous variables. The optimal solution of
Subject to ¢, > ™, Vk (12b) (12) can be obtained by exhaustive search algorithm which is
N M computationally intractable due to its exponential comripje
Zxkn + Z Yem =1, VEk (12c) with respect to the number of MSs and RSs. A popular
n=1 m=1 approach to solve MINLP problems is to convert them into
TknUkm =0, Vk,n,m (12d) mixed integer linear programming (MILP) problems which
N are computationally less intractable. In this paper, we use
Sl =rm, Vm,k (12e) the MATLAB based commercial software package TOMLAB
n=1 [8], which uses branch-and-bound algorithm, to get the-near
Trn < bp, Vk,n (12f) optimal solutions of the capacity maximization problem.
Yem < Tm, Vkm (12g) It should be noted_that our _obj(_ective in this work is not
k) to analyze the capacity maximization problem (12). Instead
Zyn < by VR MM (12h) e use the results of (12) for different combinations of the
N . ~ numbers of BS and RS to be optimally placed into CLs to
an =N (12i) investigate the energy-efficiency trade-offs between B8 an
n=1 RS. In the next section, we provide an iterative algorithat th
M ~ .. would be used to investigate this trade-off.
> rm=M (12))
m=1 IV. ITERATIVE ALGORITHM
0= Pen < Prax, Vk,n (12k) In out iterative algorithm, first, we consider a BS-only
0 < Qrm < Pumax, Yk,m (12l) ~ deployment architecture. In other words, first, we selest
0< FISZL) < Foax, Vk,n,m (12m) N < NN, the number of BSs to be optimally placed into their
2en € {01}, VEn (12n) can_dldate Iocatlo_ns anM = 0,_the numb_er of RSs to be
" T ’ optimally placed into their candidate locations, and sdhe
Yem €{0,1}, Vk,m (120) capacity maximization problem to find the maximum sum-
2K e f0,1}, Vk,n,m (12p) capacity cmax under this deployment architecture. Next, we
bp € {0,1}, 7 € {0,1}, Vn,m (129) reduce the number of BSs to be optimally placed into their

candidate locations by 1, i.V = N — 1 and increase the

The objective function (12a) maximizes the sum-capacity oumber of RSs to be deployed optimally into their candidate
the system. Constraint (12b) ensures that the data transnidsations by 1, i.e.M/ = M + 1 and solve the capacity
sion rate of each MS is not smaller than its minimum ratmaximization problem (12). If the sum-capacity,, obtained
requirement. Constraint (12c) along with the constraidjl by this combination of BSs and RS is close dQ.x, we
states that an MS is either directly connected with a BS or vi@nclude that the maximum sum-capacity,.., that can be

a single RS, whereas constraint (12e) makes sure that an ddained byN BSs can also be obtained by — 1 BSs and



TABLE |

ITERATIVE ALGORITHM 10001 ¢ - A = Bs
® * L3 * A RS
Require: N, M, K, c'™, P, Finax. wof Aot @ o ms
1:set0< N< NandM = 0. sool ) A N
2: solve the capacity maximization problem (12) to fiidax. A ® . 'O
3: while N > 1 do 7000 A Bty . .
4 N=N-1 I @ a * o« a "
5. while M < M do o e v @ N
6: repeat s00t® N A = A
7: M= M +1 A e, 2 * e
8: solve the capacity maximization problem (12) to fing. 400¢ rg  C e . D e ®
9: until (‘Cm - Cmax‘) /Cmax < 1 300 : o" A .. A 2
10: calculate the total transmitted power by MSs and RSs. o A . B
11:  end while 2000 e gm ¢, A% . o
12: end while 100[% e 4 R Q . "
A

160 260 360 460 560 660 766 860 960 1600
1 RS. Otherwise, each time, we keep increasing the number
of RSs to be deployed optimally into their candidate loazgio Fig. 1. Locations of MSs, candidate locations of BSs and Bd,optimally
by 1 and solve the capacity maximization problem (12) unghosenN = 10 BS deployment locations; her& = 50, N = 20, and
cm 1S close tocpax With some accuracy. We continue this =
process of reducing’ by 1 and finding the number of R34

that gives the same maximum sum-capacify, until N = 1 1000p A . = Bs
and M < M. The conditionN = 1 and M < M ensures that ool 4 PR L oo
there should be at least 1 BS in the system and the number | ‘% N & .
of RSs to be deployed optimally cannot exceed the number of “ PO . @ .
candidate locations to deploy them. This iterative aldonit e © . o .
gives a number of optimal combinations of BSs and RSs to i I e ‘ N
achieve a maximum sum-capacity.,.. For each combination 500-® (ORE o Bt . ‘e
or BSs and RSs, we calculate the total MS and RS transmissior 40~ @ * 2 [, RS
powers which gives us energy-efficiency trade-offs between 3000 o " on a '_' P
BS and RS. We summarize this iterative algorithm in Table I. ol o g ® A L, .
° * ® -°
V. NUMERICAL RESULTS e R ) )

In this section, we provide some numerical results to show 100 200 300 400 500 600 700 800 900 1000
the energy-efficiency trade-offs between BS and RS. In our
simulation model, we consider a square service area of Sig > | gcations of MSs, candidate locations of BSs and R@tmally
1000mx1000m. There ar& = 50 MSs uniformly distributed chosenN = 9 BS deployment locations, and optimally choskh = 3 RS
within this area. The numbers of fixed candidate locatioms féeployment locations; her& = 50, N' = 20, M = 40, M = 0.
BSs and RSs aré&V = 20 and M = 40, respectively. The
maximum power budget for MSs and RSs #@g., = 0.1 W
andF,.. = 0.5 W, respectively. The path loss exponent s 3. SS and RSs. We use the commercial MATLAB software
is assumed that all the receivers at RSs and BSs are subject@®VILAB to solve the capacity maximization problem (12).
Additive White Gaussian Noise (AWGN) with zero mean and Fig 1 shows the network deployment scenario for 50 MSs,
unit variance. We assume flat Rayleigh fading channel amoag BS candidate positions, 40 RS candidate positions. Bhis i
all the links. This is ensurd by generating the channel codhe BS-only architecture. After running the iterative algom
ficients as circularly symmetric AWGN with zero mean anwith N =10 and M = 0, we get the 10 optimal locations for
unit variance. Minimum traffic demand of MSs are uniformly3S deployment which are are shown in circles.
generated irf0, 1]. For the iterative algorithm, we us€ = 10 Next, in Fig 2, we show the optimal locations of 9 BSs
andd = 0.01. In line 2 and line 8 of the iterative algorithm,and 3 RSs after reducingg = 10 — 1 = 9. Note that
the results of the capacity maximization problem are avetagafter reducingN by 1, in order to achive the same sum-
over 100 channel instances. The location of MSs are changegbacity that was obtained by optimally deploying 10 BSs,
over each instance. However, the candidate locations of B3¢ algroithm optimally selects 9 BS deployment positions
and RSs and minimum data demand of each MS are fixed owd 3 RS deployment positions.
all channel instances. The optimal locations of BSs and RSdrinally, in Fig 3, we show the impact of replacing BSs by
are chosen as the maximum number of times the BS and RSs on the selection of optimal deployment locations fohbot
locations are chosen over 100 channel realizations. Tota¢p BSs and RSs, and the total power consumption to achieve
consumption are determined by implementing the capacitye same the sum capacity that was obtained With= 10.
maximization problem after finding the optimal locations ofo explain the results provided in Fig 3, let us look at an
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Fig. 3. Energy-efficiency trade-offs of BS and RS in termsaélt transmit
power

(6]

example. The maximum sum capacity achieved with 10 BSg)
was 8.161 and 25 dB of total MS transmit power was needed
to achieve this capacity. When we reduce the number of BSs
to 5, it required 5 BSs, 19 RSs and 9 dB of total MS andsg]
RS transmit power to achieve the capacity of 8.161. Now.
it is clear from Fig 3 that replacing BSs with RSs leads t
significant reduction in total transmit power. By reducihg t
number of BSs from 10 to 2, the total transmit power can B!
reduced from 25 dB to almost 5 dB. However, looking at the
slope of the total transmit power curve with respect to numbe
of BSs, one can easily conclude that the gain in power savilig|
shows a diminishing trend as the number of BSs becomes
smaller. It can also be observed that no further gain in tie;
reduction of total transmit power is achieved affér = 2.

One might suspect intuitively that if we start with a larger

9

total transmit power diminishes as the number of BSs becomes
smaller which makes the BS-RS and RS-MS distances too
large for energy efficient communications.
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