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Power Allocation for Link Adaptive Relaying
System with Energy Harvesting Nodes
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complexity of dynamic programming, we also propssé
Abstract— In this paper, we consider optimal poweraaiation for  optimal power allocation online scheme. In buffieeal link
link adaptive relaying systems with energy harveg(EH) node. gdaptive relaying, for offline optimization linkelection
EH means source communicates with destination via EHresult in a mixed integer non-linear program whidive
Decode-and-Forward relay over the fading channelse\propose optimally using spatial branch-and-bound method[2ha
two types of relaying system. The first one is camienal relaying h ) . ) . . .

single source-destination non-cooperative link wath EH

system, the source and relay transmit the signaldonsecutive idered and imal offl o
time slot and another one is buffer-aided link adag relaying source was considered and an optimal offline aleitly an

system, the source-relay and relay-destination chals as well as Optimal and several sub-optimal online transmisgiolicies
amount of energy available at source and relay fing whether were provided for allocation transmit power to s@ur
the source or relay is selected for transmissiomrQnain aimisto  according to random variation of the channel andrgn
maximize the system throughput and to reduce théagléoy using  storage condition. In this paper, we consider tiatgo point
the technique is RSS. In both type of relaying systdaving data transmission with an energy harvesting tramersj but
offline and online power allopation method. Based.upmis 0 it have a limited amount of battery capacity. Iristhve
analyses the performance gain and give the simuatresult. consider the two main objectives: 1)maximizing the
throughput by the deadline, and 2)minimizing the
transmission completion time sequence of the
communication session. Then we introduceligectional

I. INTRODUCTION water-filling algorithm, it will gives a simple and short

. interpretation of necessary optimality condition.eVdlso
A source and number of relay expend their energy fo . . X . X
ropose offline and online optimal policies unde various

processing and transmitting data in cooperativg fi .

communication systems. For some application , paunidris onfiguration. :

connected to source and relay but this is not k;tsﬁi)r all In [3], the same system model was considered, witere
" . dynamic programming to allocate the source tranghet

the condition. So we will go for Pre-charged batssme of y brog 9

. . power for the case when causal channel state
the problem overcome by this method. In practice Jimited information(CSI) was available. Two type of side

storage.capac!ty of be}ttery and high transmit powney {'nformation(SI) on the channel condition and hateds
result in quick drain the battery. As the resul

replaced/recharged the battery periodically whiem de energy are assumed to be available: 1) -C.asugbﬁhsist the
sometime impractical. An alternative solution iphiyment past and present slots of channel condition, imsesf SNR,
'me impractical. v ution 1p and amount of energy harvest in the past slotsulRB¥ is
of energy harvesting(EH) nodes. EH node harvesettergy . . o
. : : ) consist also the past and present slot, in acddiiiothat

from their surrounding environment to carry out ithe o

. . future slots of the channel condition and amounérmérgy
function. Energy can be harvest from solar, theymadd etc. harvested
EH nodes no need to replace the battery perioglidalivill
give the long lifetime of the network.EH source &id relay
during the data transmission at random tine andiaian
amount of energy harvest independently. Eh nodesrek
the energy from their storage and only the unusestgy
remains in the battery during the data transmisaimmhother

Index Terms—Buffer- aided link adaptive relaying, conventional
relaying, energy harvesting, power allocation, RSS.

Energy Sources: Solar, Wind,
Biomechanical, Piezoelectric ete,

signal processing in the network. f? )

In a source and relay act as a energy harvestdgs) the S R D
type relay used here is Decode and Forward relagystem. L, Vs 7 YRk

We propose two types of relaying mechanism. They ar A A"O

Conventional and Buffer-Aided link adaptive relayin
system. To compare their performance for both fetpy
techniques. In conventional relaying, for offlineower ) ) i
allocation we formulate the convex optimization amdine Fig. 1. System model for single link S-R-D
case we propose dynamic programming_ To eliminage tThe use of EH relays in cooperative communicaticas w
introduced in [4], where the performance analysiasw
performed for relay selection in cooperative networ
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are large. Our analysis based on the EH relays asddts packet, % is transmitted from R during time slot 2k. Thus the
availability for relaying. It does not depends omlyrelay received packets at D is given by
energy harvesting process , but also on its tranpower yp 5= hg ok Xokt Np 2k (2)

setting and other relay in the system. A deterimiBH \yhere hoand R is the fading gain of the R-D link and
model for the Gaussian relay channel was conskijehgre  the noise sample at D respectively,fy and f » can follow
delay and no-delay constrained traffics were stidi®) any fading distribution, eg Rayleigh, Rician faglinng s
Delay-Constrained(DC) traffic: The destinationaguired to gn( .2« are the Additive White Gaussian Noise(AWGN)
decode the i-th source data, i=1,...,N, immediatdter it samples having zero mean and unit variance. Werasthe
receives the signal from the source in the i-tithland from  channels are quasi-static within each time slot emahnel
relay in the (i+1)-th block and then forwarded &stination. SNRs of the S-R and the R-D link denoted by andyg o1
2)No-delay Constrained(NDC): Decoding delays preuid respectively. For future reference, we introduce dierage
that all source messages are decoded at the emdobf SNRs of the S-R and R-D links @s andyg respectively.
N-block transmission. System Throughput: If X1 is transmitted from S with
In [6] we consider the power splitting receiver igth transmit power B,.,during the time slot 2k-1,
dynamically splits the received power into two powe&S o1 = log (1+ys 2x-1 Ps 2k.0) ©)

streams for information decoding and energy fetine. bits of data can be received error-free at R. Siryil, if %

We design the power allocation algorithms maxingzithe is transmitted form R with transmit powes 2
spectral efficiency(bits/s/Hz) of the data transsias. In this '
g A ) hér2k = 10@ (1+yrakPr2)  (4)

the constraint on the minimum power delivered te th > td b ved ; b e 2kth
receiver. The suboptimal algorithm will produce théa'tSO ata can be received error-free at D. Dyt t

excellent performance. In summary the contributirihis and (2!('1) tz time slo_tg, Sdand Fio @SpeCt'de’EOtR
paper are follows: transmit any data, i.esR~0 and R ,.,;=0. We assume that

I. We propose optimal offline, online and sub oatironline ensures error-free detection by employing an apprate

power allocation scheme for EH nodes employing thigfror correction coding scheme and hence= i

conventional relaying protocol in the fading chah The Therefore , the end-to-end (S-R) system throluglsmiven

1 . ) .
optimal offline and online power allocation is fartated as by 5 Min{ &s 2y Er2k Jbits/s/Hz where the factof is due to
a convex optimization problem and DP problem repely.  half- duplex constraint.

To reduce the complexity of optimal online schesejeral g pgyffer-Aided Adaptive Link Selection

sub optimal, low complexity online scheme are psb Signal Model: For buffer -aided link adaptive relaying, relay

II. We propose optimal offline, online and sub ap#l online . . : . o )
power allocation scheme for EH nodes employing thR is equipped with a buffer in which it can tempédyastore

buffer-aided relaying protocols in the fading chealnrThe fre packets received .fr_om S.‘ In th|s case, S dscislbether
. L . . : S or R should transmit in a given time slot {1, 2, ..... K},
optimal offline joint power allocation and link eetion

scheme is formulated as an MINLP problem, whicsoised Sﬁﬁlfs :(?nt/r;:ent%ila?:etg N iﬁ_R ;ngnth%n?ézlgr:;;r R can
optimally by the sBB method. The two sub optimaiwl ying . y

comblexity online power allocation scheme are transmit packets. Letsyd {0,1} denote a binary link
plexity P PEBIO  <olection variable, wherel = O (d = 1) if the S-R(R-D)

link selected for transmission. Wher d 0, the received

_ packets at R is given by
We consider an EH relay system, where the sousce, Yrk= hsiXc+ Meic (5)

communicates with destination, D via a cooperatiei@ay
R(Decode-and-Forward) relaying system as showngnir
Both S and R are the EH device and are equipped _ o
battery, which have limited storage capacity aratesthe You= MRk Xt Mo _ (6)
harvest the energy for the future uses. The S ainl tRe System Throughput: When @ =0, S is selected .for
signal transmission and processing depends omtbert of ~ transmission and &s g bits  of data can be transmitted
harvested energy stored in their battery. The Istiedeenergy error-free via the S-R link. Hence, R receigg data bits
can be in any form for example solar, wind, thernvde  from the S and appends them to the queue in itfebuf
assume that S has perfect knowledge of the ch&MB Therefore, the number of bits in the buffer at Rrmd of the
and energy harvested at R. kth time slot is denoted as,@nd given by @& Qi+ Esk .

A. Conventional Relaying However, when d= 1, R transmits and the number of bits

Signal Model: In conventional relaying system, during thetransmitted via the R-D link is given by miég k , Qc1}, i.e
first time slot, S transmit the R receive, and dgihe second the maximal number of bits that can be by R istéchby the
time slot, R transmit and D receive. This sequémptiacess number of bits in the buffer and the instantanemaysacity of
continue for K time slot, where K is assumed toahesven the R-D link. The number of bits remaining in thaffer at
number . The received packets at R in the (2k-1nk slot  the end of théth time slot is given by & Q,.;- min{ ERK

is modeled as Qc1}. We assume that S has always data transmit aad th
YR.2k-1= Ns ok-Xok-1+ NR2k-1, K € {1, 2, ..... k/2} (1) buffer at R has very large capacity to store thEnerefore, a
where R 1 is the fading gain of the S-R link andk; is  total of YX_, min{dk &R, k,Qk — 1} bits are transmitted
the noise sample at R. The transmitted packets contain  from S to D during the entire transmission time.
Gaussian-distributed symbol. Assume DF relay, #teated

Il. SYSTEM MODEL

On the other hand , whepd 1, the received packets at D is
Wﬁ;iven by
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I1l. POWER ALLOCATION AND LINK SELECTION FOR

BUFFER-AIDED RELAYING

In this section, we propose offline and online jolimk
selection and power allocation schemes for EHesyst
employing buffer-aided relaying. Buffer-aided refay is
preferable over conventional relaying for purposechv can
stand delays but require high throughput.

A. Offline Power Allocation

Our goal is to maximizing the total number of tnauitted bits
(from S to D) delivered by a target of K time slfdsthe link
adaptive transmission protocol. The offline infotina
about the full CSI and the energy arrivals at S Brid each
time slot are assumed to be identified in proceEde
consequential maximization problem is subject taasality
control on the harvest energy and the storage aiofatr the
battery at both S and R. The major problem is rmmex
MINLP due to binary variable (\dand non-convex and
non-linear constraint. Then, we propose two optimathod
to solve the buffer-aided link adaptive offline iopization
problem.

ISSN: 2249 — 8958yolume-4 Issue-1, October 2014

preferable over buffer-aided relaying if small @ndend
delays are required.

A. Offline Power Allocation

Like for buffer-aided relaying, for conventionalaging, our
goal is to maximize the total number of transmitteits
delivered by a deadline of K time slots. We assuffiine
information of full CSI and the energy arrivalsSaaind R in
each time slot. The offline optimization problemr fo
maximization of the throughput of the considerestam of
K time slot.

B. Online Power Allocation by DP

Unlike buffer-aided link adaptive relaying, theKiselection
policy is pre-defined for the conventional relaying., G
=0and d =1, Ke {1,2, k}. This feature of the
conventional relaying reduce the complexity afchiastic
DP compared to link adaptive relaying. Thereforer f
conventional relaying, we consider a stochasticapproach
for optimum online power allocation

C. Received Signal Strength (RSS) for offline andhlide
Power Allocation

1) Exhaustive Search: This method of searching the cost

function is maximizes. This approach cannot be stbfor
large value of K.

2)Jatial Branch-and-Bound(sBB): The feasible lower
bounds are chosen to be local minimizes of the Ipmb
whereas the upper bounds are obtained from conv
relaxation .

B. Online Power Allocation

In practice, only fundamental information aboutroels and
harvested energy is available for power allocatidrerefore,
the offline power allocation scheme is not eageglated as,
at a given time slot, the future CSI and upcomingvisted
energy are not know in proceed. To this end, weldcou
formulate an optimal online method using stochagtfe.
Unfortunately, this approach leads to a very hig
computational complexity because of the adaptive li
choice in every time slot and may not be implemigiatan
practice. Therefore, we propose two efficient suivogl
online schemes which have low complexity.

1) Suboptimal Harvesting Rate (HR) Assisted Online
Power Allocation: We propose an efficient online power
allocation scheme referred to as "HR Assisted"thi® end,
we create an optimization problem which is baseden
average data rate, the average energy causalisgraoris at
S and R, and the average buffering constraint.

2) Suboptimal Online Power Allocation: In the
suboptimal power allocation scheme for link adamptiv
relaying, at every time slot, K,S and R consider tfital of
energy stored in their batteries as their tranpmiter. Based
on the transmit power, S and R calculate their ciéyparl he
buffer status should be taken into account in threputation
of the capacity of R. The S-R (R-D) link is seletiéthe
capacity of S is greater (smaller) than that of R.

IV. POWER ALLOCATION FOR CONVENTIONAL
RELAYING

In this section, we propose an offline and severdine
power allocation scheme for the considered EH aystéh
conventional relaying. We note that conventiondyiag is

202

We propose the technique is called as RSS. In freless

network many number relays will be there. BasedR@5

value to select the relay and then find the rbeteveen the S
and D. Compared to the previous one using the R$E/e

H}? maximize the throughput.

V. SIMULATION RESULTS

In this section, we evaluate the performance ofptlogposed
offine and online power allocation for conventibna
buffer-aided link adaptive without RSS and buffateal link
adaptive with RSS relaying protocols.

A. Packets Received

In this subsection, we show the performance optioposed
Rpower allocation scheme for conventional and bdided
adaptive relaying.

In Fig. 2 show number of packets received for ousi
relaying system. Based
performance.
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Fig. 2 Number of Time Slots vs. Total number of
Transmitted bits
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B. Throughput

In this subsection, we show the performance optioposed
power allocation scheme for conventional and bdided
adaptive relaying
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Fig. 3 Number of Time Slots vs. Total number of
Transmitted bits
In Fig. 3 show number of packets received effidiefor
various relaying system. Based upon this to araltfseir
performance.
C. Harvesting Energy

In this subsection, we show we propose power diloca
scheme for conventional and buffer-aided adaptleying.
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Fig. 4. Number of Time Slots vs. Remaining Energy

In Fig 4 show that after the data transmission @ogessing
remaining energy contain the particular node having

D. Performance of Offline

In this subsection, we show the throughput analytoffline
power allocation for the buffer-aided link adaptiredaying

E. Performance of Online

In this subsection, we show the throughput anslgonline
power allocation for the buffer-aided link adaptiedaying
system with RSS and without RSS. In Fig. 6 show, to
compare the both relaying system with RSS show ttiat
best performance results. Hence the more numbeaakets
will be received by the short number of time sjosiod
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Fig. 6 Number of Time Slots vs. Total number of
Transmitted bits
In Table 1 and Table 2 show the compare the offind
online power allocation for the buffer-aided linkagtive
relaying system with RSS and without RSS calcofatf
different number of time slots. Hence show thatjfoth with
RSS values give the best performance. Among tHahef
power allocation for buffer-aided link adaptive WiRSS
gives the best performance result.

Table 1. Comparison table for Offline power allocaibn
buffer-aided link adaptive relaying system with and
without RSS value of the different number of time bts

system with RSS and without RSS. In Fig. 5 show, tc }I_ ber of }I_ ber of Transmitted
compare the both relaying system with RSS show theat ~ Lime Slots |Bits
best performance results. Hence the more numbeackets Without With BESS
will be received by the short number of time sla¢siod. BESS
an ].D D
20 — 5=
P // 23 2 10
E a0 40 17 20
5 50 / o _ _
E; 0 /‘//’/ —— Offline without RSS 30 =2 30
£ 3 —— Offline with RsS 535 30 40
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g, y/d 73 40 50
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Fig. 5 Number of Time Slots vs. Total number of 115 36 82
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Table 2. Comparison table for Online power allocatin
buffer-aided link adaptive relaying system with and
without RSS value of the different number of time bts

Number of | TNumber of Transmitted
Time Slots | Bits
WWithout WWhith BESS
BEES
1oy 2 3
25 3 1
el 15 20
S 25 S
535 S 4y
el 5
1035 Sk T
120 S T
VI. CONCLUSION

In this paper, we have considered the problem arisimit
power allocation for multi relay networks, wherevest the
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energy needed for transmission from the surrounding

atmosphere is Source and Relay. Two different netpy

mechanism, namely conventional relaying and budfded
link adaptive relaying. have been measured. We queg
several optimal and suboptimal offline and onlinewpr
allocation schemes maximizing the system througbpttie
measured EH systems. Simulation result showed ttieat
proposed suboptimal

both offline and online optimization, adopting thiak
adaptive protocol radically improves the
compared to conventional relaying, specially fomasetric
link qualities, and buffer-aided link adaptive ngteg is more

robust to changes in the EH profile than convemtion

relaying. Finally, using RSS in buffer-aided linkiagotive
offline simulation result will give the best perfoance
compare to all other relaying system.
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