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ABSTRACT
With the evolution of wireless communication
technologies, the need for green communication and
energy saving become more critical than ever. The
lifetime of a battery-powered network usua]ly

depends on the battery capamty RF energy harvesting

is a promising techmque to prolong the battery

lifetime eﬁ'ectlveiy The performance of multluser-

schedulmg schemes for a time-slotted system with
-s:multaneous wueless information and power transfer
under Rayleigh fading channel is stud:ed in this paper.
In each time slot one user is scheduled to receive
| mformatlon whlle the remammg users
_ opportumsucally harvest the energy. We study the
tradeoff between information rate and total harvested

energy for différent-’é’chodul_ing schemes. The

consumed power in Nakagami sub-channels is less

than cbnsumed power in Rayleigh sub-channelé.

Keywords: RF energy harvestmg, multl -user

schedulmg, Wireless information and power tansfer

1. INTRODUCTION

Eneréy Harvesting(EH) holds a promising future for

generatiﬁg a smal! amount of elecﬁ'ic_al power to drive -

" circuits in electronics especially in wirelessly

communicating electronic devices. A major challenge

in wireless sensor networks is to reduce power

consumption. It is a vital factor for energy constrained

wireless networks, such as sensor networks.

Replacing the device batteries in such circuits may

cost high and is 1nconven1ent in difficult-toaccess

: env1ronments or even mfeamble for sensors that are

- MATLAB simulation results show that rate-energy

' performance of order-based SNR scheduling is better -

than that of the order-based N-SNR scheduling which

1s better than that of the order-basgd‘_Equal

'V.Thro_ug.hput schedﬁling under long range power

transfer conditions_. Also the result shows that the
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used for biological purpose i.e. embedded inside the | .

human body. This point out the need to utilize

renewable enefgy sources. Energy hafvesting from °
 dedicated radio frequency (RF) signals is a feasible

solution for sixpp]ying energy wilé_lesSly to low-power .

devices[1,2]. Withan anterina integrated rectifier, we

can convert the RF signal to a direct current DC)
signal for RF Energy Harvesting. This can then be
used to power battery-free devices such as to trickle

charge low-power devices or passive RFidentification -

~ (RFID) tags.
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- Fading is a_mr important factor whieh— affects the

-' means the rapid fluctuations of the amplitude’s, pha_ses -

-of a radio frequerrcy signal over a 'short‘period or
short transmitted distance. Fading may cause

~ distortion to the radio signal and causes problems

- users with high path loss may be deprived from

. transmission power and energy consumption, Fading -

gaining access to the channel. For avoiding this

- disadrantage, maximum norrnatized SNR {(N-SNR)

“is used. In this paper, the performance of multiuser

' scheduling schemes for a time-slotted system with

. simultaneous wireless information and power transfer

like phase distortion and intersymbol interference

when stgrrals are transmitted. Therefore the effect of
this has to be minimized. When a signal is transmitted
to the receiver it will reach the destination not only

- r(ia the direct patlr; but also take a different path as a

_  result of reflections from objects such as buildings,

hills, ground etc. Multipath fading can affect radio ‘

* communications channels in mainly two ways; flat

fading -fading frequencies across a given channel is

under Rayleigh fading channel is analyzed . In each

time slot, one user is scheduled to receive information

while the remaining users opportunistically harvest

the energy. We studied the tradeoff. between

information rate and total harvested energy for

different scheduling schemes. In this paper we

analyzed the‘_.performance of different scheduling

- schemes under Rayleigh fading conditions. Rayleigh

-fading is a well-known special case of Nakagami-m

" affected equally[3]. In this signal may just change in '

_ amphtude rlsmg and fallmg over a period of time.

- Selective fading affects different frequencies across

the channel to. different degrees in this phase and

amplittides of the signal will vary across the channel.
 To minimize the effect of fading in multiuser system,
- scheduling sche_njes can-be incorporated. A better

. s'chedulingi-seheme impro{fes the efficiency of the

.system, i.e. which balances the trade-off between the .

3 - rate and energy

fadmg with m=1, m is the shapmg parameter. It may

be considered as one of the most realistic channel '

models for long range wireless power transfer, as it

has no line of sight path. The results.srrow that the

consumed power in Nakagami sub-channels is Iess .

than consumed power in Rayielgh sub channels _

2 LITERATUR_E- SURVEY

importance. RF energy harvesters are a promising

__Multi—u_ser scheduling schemes that-‘exploit the -

" independent and'time-varying multipath fading for
| infonnatiomonly transfer systems is studied in [4,5].

For maxunum-throughput achlevmg the user with

' most favorable channel .conditions is scheduled to

, transmlb’recerve over the time slot there by achlevm_g -

maximum signal-to-noise ratio (SNR). Sometimes

- 72

_In this era green commumcatron has much more .

solution for chargmg small wireless devrces[l] RF
energy harvesting techniques are different for
different networks [2]. Butin wrreless sensor networks
multlpath fadmg is a severe problem both in case of

energy harvesting and information transfer. Dam_ele

et.al. [3] pmsenwdamdyamufmemulﬁpam P adi_ng' L L .

in wireless rretwork.rN'etwork topology and -

interference has large influence in the consensus of -
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network[5]. There is a trade-off between energy and

rate existed in wireless network. So to balance this,

" effectivé scheduling schemes are necessary. A number

_ of methods nroposed'and implemented to-achieve

R reliable-throughput'in communication['é}]. Gam

“et.al.[7] developed algorithm for optimization of
‘transmission schedules in. capture based wireless

.net}évorlc-:Channel modeling can be done on the basis

communication in the senSor network varies

significantly with time and geometrical features. To

achieve an optimal transmission power consurnption

- for specified link qualities, an adaptive fransmission

- power control algorithm for wireless sensor networks

~ of markov ch__ain[S}. Success and failure-of .

transmission can related with good and bad channel

respectively. Qning'ef.al. [9] dereloped_deiay
constrained optirnai link scheduling scheme. They

_ 1mplemented this algorrthm in wireless sensor _

. network In[i 0], Steven et.al discuss about the effect

of fadmg, scheduhng threshold and channel inversion

' in adhoc networks. They developed athreshold based.

_scheduhng scheme and effectively reduced the

*influence of fading on transmission.

Fignre 1. Multi user system with time _s'ch'eduled nserS‘: :

. In cuirrent generation'systems cognitive networks has -

_ 1mportant role[ll] Many researchers are

concentrated over the interference reduétion in the

is presented by Shan et.al. in [12]. By the use of
adaptive transmission power control algorithm, each

node knows power requlred to transrmt to its

neighbor, and every node” mamtams good lmk o

qualities with its neighbors by-dyuammally adjustmg -
the transmission power by using ondernand feedback
packets. Rania et.al. proposed new schedulrng
schemes which can be used in multiuser environment, .
which allows | simultaneous. informationi and .po_wer '

transfer under fading conditions[6]: The author -

‘simulated these schemes under nakagami fading

~ condition. In this paper we used rayleigh fading

s channel model which is well suited for long range |

power transfer simulation. Martin et. al.done adeep
study about the interference in large wireless

networks[l?’}.-

3. SYSTEM MODEL

Consider a time-slotted system with one access point .

' (AP) power supply and N user termmals which are

.cogmtlve radio commumcatlon The sensor dev1ces '

are low power devices. The quahty of radlo"

energrzed by the energy harvested from the access _

- point downlmk RF signal. Botli the AP and the user

termmals(U Ts) are equ:pped witha smgle antenna
The system is studied for downlmk transmrssron

where it is assumed that the AP always has a

dedrcated paoket to transmit for each user, In each o

time slot, the AP schedules one user for mformatlon -
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transmission, while the remaining idle users
' opportunistically harvest energy from the_-'received
- signal.

| ~ The system model is depicted in Fig. 1.We assume

that the receivers of the UTs employ tixhe-switchlng :

-+ ie., each user terminal may use the received signal -

:  for either information transfer or EH. To this end,
* the AP broadcasts at the b'eginning of each time slot
, the index of the UT which is scheduled for D, which

is determined usmg the -scheduling described in

sect1on 6

* - The char_mels from the AP to the users are block
fadiug, i.e., the chennelcharacteristics changes

: ‘7 mdependently from one slot to the next. The channel

*coefficients of the dlfferent user links are assumed

. to be mdependen_t and have identical small-scale

fading distributions but different path losses. Thisis

‘a realistic assumption since the users may have
different distances from the AP but they are in the
Saine physical environment. In this paper we consider

* rayliegh fading for channel modeling.

" . 4. IMPORTANCE OF SLOT ALLOCATION INA- -

COMMUNICATION NETWORK

- The slot allocation scheme, actually allocates the

mgmy_ goals, for example, maximizing throughput
Jminimizing response time, or minimizing'lateﬁcy {the
time between work becomi'ng. enabled en& its
subsequent completiou),mex'imizing* fairness
{generally appropriate times accoftlin_gto theorioritjf o
and workload of each ptoc'ess);_j In pr'act.ice,. these.
goals often conﬂict (e.g. lthroug'hput versus latency), |
then a scheduler is im'plemeuting a suitable
compromise; Link scheduler deter'mli-nes Whic_h link - -

active at what time and"Wha_t power level. In this

paper, the access point schedules one user-'for o

information transmission in each fime slot whlle the
other users except 1nformatlon receivmg user '
opportunistically harvest energy from the recelved .

signal.

5. EFFECT OF FADING ON TRANSMISSION POWER IN A

SCHEDULED NETWORK

Fading means that, the rapid fluctuations of the
amplitudes, phases of a radio frequency signal over
a short period or short transmitted -distance. This
might be so severe. In wireless networks, fadingisa
change in the attenuation coefficient aﬁ'ectmg a'signal
over certain propagation media which may vafy with

time, location of node or rad1o frequency, and is often

" modeled as a random process A commumcatlon

" transmission slots to each users. This slot allocation

~ is'to maximize the throughput Ina communication

network, two users are communicating aﬁer the base

_ -statlon has allocated a ‘channel. ThlS channel :

' allocatlon is based on dszerent accessmg methods

- l1ke TDMA FDMA etc A scheduler alm is one of .

channel referred as a fading channel is one that '
experiences fadlng. Inr wireless co_m_munication,
different types of fading may occur. Fading due: to
multipath p_ropagatioxt is teferred as tnultipath
induced fading and fading due to shadoufiug-, from -

obstAcIes. referred as shadow fading:. .
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" Figure 2. I_’erforménce_ of different scheduling

 schemes under Nakagami fading [ref:6]

Actuelly highly connected wireless networks may

multiuser system under. Nakagami fading
euvironmeut, with different soheduli'ng scherne's. In -
this paper we consider Rayleigh fading model, which _
is well suited-for‘performanee_analysis of the -

multiuser system in long range communication

© scenario. To improve the network performance we

- can use network information such as scheduling, -

topology, and channel conditions, In many cases, the

network performsnce is improved significantly ifthe

 nodes operate according to an optimized schedule[9].

: -_have lower throughput because of mcreased ‘

‘ mterference due {0

fading. In the consens'us algorithm([7] the transmit

power at each node determrnes its neighbors. Fadmg-

~ modelis suitable formodelmgwweless powertmnsfer :

in a- different environment {8]. In particular,
7 Nakagamr-m fadmg is a suitable model for mdoor
..envxronments Welbuii fading can effectlvely
~charac_terrze the radio channel of narrowband wireless

: boriy area network, which may solely depend on

S*cheduling"is an appropriate method to increase .

performance of network under fading conditions.

Scheduling' is an interesting area of research. The

important characteristics of wireless communication
networks such as, time varying ohan_uei condrtions |
and mulriple subscriber diversity reveals that new
scheduling solutions need to b_e_.developed that are
spec_iﬁcallysuitable for this environment. Awir_eless
channel can be modeled by a'tWo,-smteMar'kov chain,

a user experiences error-free transmission when it

- observes a good performance channel, and

- wireless power transfer when implanted inside human

bodies. Rayleigh fading is a well-known special case
-~ of Nakagami-m fading with m=1 and Weibull fading
with k =1, Rician fading may be considered as one

. of the most realistic channel models for short range

. wireless power transfer, as it includesa line of sight

: path Raniaet.al. studted the performanee of dlfferent '

s cheduimg schemes in nakagami fadmg[é] F1g 2

-shows the tradeof_f between energy and rate in a _
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unsuccessful transmission in a bad channel. Using
such a char_mel model, wireless fair scheduling
policies have been anlysed. Transmission power

varies under different fading'conditi(ms[l 0}.

An optlmal link scheduhng problem in wireless
networks is subjected. to. schedule time slots and

possibly transmit powers for multiple users. For that

certain crrterla stich as throughput and spectral -

effimency is optrrmzed The key 1ssue in the de31gn_ o

of link scheduimg is how to modei and reduce

" interference due to fadmg."-l‘hough simultaneous
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- ‘transmissions in each matched pairs can increase the '

frequency reuse of the network, the fixed power B |

allocation may cause heavy interfererice for the other

on-going transmissions in the neighborhood.’

Therefore, again to reduce the interference and

increase the frequency spatial reuse, we can introduce

a power control scheme into the original optimal

. scheduling prooess [11]. Randomized transmissions

* .perform poorly in the presence of either fading-or

. variable channel distances[12]. Variability strictly

 reduces capacity m transmitters, A scheduled network ’

has oapaolty Whlch is-about three times hlgher than

that w1th no scheduhng We note that scheduling users

' whose interference is below a threshold is analogous

" to a more conventional downlink problem.

Specifically, in a fading downlink channel, it is known
that on]y schedulmg the user with the strongest
channel gain max:mazes throughput. Soa secondary
network to be useful if at least one node could
- transmit while mamtammg its mterference below a

glven threshold
6. MULTIUSER SCHEDULING SCHEMES

'Sohoduling algdrithms‘play a major role- in the

user in equal portions and in circular order, _
' ‘handling all users without priority. In RR -

J .Sche_duling, the order of the users within each

round is arbitrary. Therefore, a user receives

information with x probability, Vand harvests

‘energy with probability (1 “ x). The Access

Point only has to know the instantarieous
channel of the scheduled user. In a centrahzed
wireless packet radio network, a schedulmg
a}gonthm in a central base station (AP) may
reserve time slots for the mobile stations in a

round-robin fashion and provide fairness.

e Howeyér, iflink adaptation is osed,txansniission

‘of pilot symbols to the oiﬁ'erent.us_ers yields
 channel state information and allocates most

;osouroes to the users haﬁng the best channels..
~Hence the total system capacity could be

‘increased but such allocation 'of resources favors

the users closest to the transmitting node,

: r'esu'lting. in reduced fairness between the

,d"‘ifforent users. As-a 'soiution- to this,
Proportional fair scheduling algorithm exploits

multiuser diversity and schedules each user

© .. approximately an equal amount of time so that

_ prooess of resource management in moblle _

communlcatlon networks

Somo of the several schedulmg schemes are disous_sed '

below:
: 1) Round-robin (RR) Scheduling scheme: Round-
' robin is-one of the algorithms employed by

: netwotk'schédu_lers.- As the name suggests, in

RR Sc_hoduling titne _sIots are allocated to each -

_76
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the thfoughput for each user will in most cases

: .ibe shghtly hlgher than the throughput usmg

round-robm

Conventional Equal Througliput (ET) .
 Scheduling: In this scheme, the user having the

minimum average throughput is scheduled for

. ri-nfofma_tion decoding and others for energy .

“harvesting. Hence, the long-term’ average

oo
T
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 throughput of all users can be made identical.’

Inorder to control the rate-energy tradeoff for

each ‘user, the other scheduling. schemes we

considered for simulation are:

R

Raylelgh fadmg channel. We assume an AP t:ransmlt
power of P =] W and an RF-to-DC conversmn '

efficiency of 0.5. We consider a system with number

of users equal to 7.

Order—_Based SNR Scheduling scheme: In this. -

SNR is first ascendingly ordered. For -

' 7"_m-aximum-S_NRscheduling, the user having .

maximum SNR is scheduled for information

decoding.

2) Order-Based. Normahzed SNR (N SNR)

Schedulmg scheme: Hthe users have different

. average channel conditions, order—based SNR

scheduling may deprive some of the users from -

receiving information. So in Order - Based -

7 .Z*Slmulatmn resulis and performance evaluatmn

Figure. 3 shows the mformation rate vs. the total o

harvested eriergy for various schedulmg-schemes The .

result shows that the Rate—Energy tradeoff of order- :

~ based SNR schedulmg is better than that ofthe order- -
" based N-SNR scheduling which is better than that B

‘Normalized - SNR (N-SNR) Scheduling, SNR

s first normalized and then ascendingly ordered

~and selected for information retrieval,

Order-Based Equal Throughput Scheduling: For
both Order- Based SNR and Order-Based N-

~ SNR Scheduliug, the user having minimum

3)7

nakagam1 fading environment, it is clear that the .

'~ SNR ‘may not get a chance to decode'

mformatlon To avoid this, in the proposed

o ,orderbased ET schedulmg scheme a user is

- selected only if the order of its N-SNR falls into -

a Speclﬁc set of allowed orders. Also, the

- selected user is the one which has the smallest
. throughput. o

'-7; ‘SIMULAT.ION-RES_I-JLTS‘ AND ANALYSIS
'7 1 Slmulatlon Envuronment .

The scheduImg schemes have been sunulated for

77

~of the order-based Equal Throughput schedulmg
This i is because of the proport:onal falrness and the .
~equal throughput constraints of the order-based N-
'7 SNR and the order-based Equal Throughput

schedulers, respectwely Whlle comparmg the results

w1th those obtained for scheduling schemes in

consumed power in Nakagami sub-channels is less

210°
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: Flgure3 Performance of scheduhng schemes )

under Raylelgh fadmg Envn-onment
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" 8. CONCLUSION -

-~ Optimal link_.- scheduling is a problem in wireless

~ multiuser sch‘edulin_g networks because rate- energy

~ trade off is an imﬁortant factor to be balanced. The

scope of this paper is to check the performance of

18]

- different scheduling schemes under long ra_n"ge :

communicati'on scenario. In this paper we used

_ raylelgh fadlng channel model for simulation and ,

anaiyzed the performance of different scheduhng

% - _schemes,_ From the simulation results it can be

concluded that that the conSumed power in Nakagam
' sub channels is- less than consumed - power in

-' Raylmgh subchannels and the schedulmg schemes

cl

explamed in sectlon 6 is well suzted for multmser -

' ‘_' sch_edulmgm_ mdoor—enwronment.
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