Adaptive Range-Based Power Control for Collision
Avoidance Iin Wireless Ad Hoc Networks

Kuei-Ping Shih, Yen-Da Chen, and Chau-Chieh Chang

Department of Computer Science and Information Engineering, Tamkang University, Tamshui 251, Taipei, Taiwan
Email: kpshih@mail.tku.edu.tw

Abstract—The paper analyzes the relationships among the also termed thé®OINT problem [6]. In [6]-[10], thePOINT
transmission range, carrier sensing range, and interference range problem can be solved completely. In [6], [8]-[10], CTS is
in case that power control is adopted and proposes an adaptive exploited to avoid thePOINT problem. In [8], [9], a power

range-based power control (ARPC) MAC protocol for wireless . . L
ad hoc networks to avoid collisions. Based on the analysis [€Ve!larger thamPy,,., is required for CTS transmission. Thus,

results, four mechanisms, STRC, RTRC, SCRC, and RCRC are the mechanisms in [8], [9] can tolerate of larger interference,
proposed to prevent from collisions. The paper further analyzes and DATA can be transmitted in a lower power level. On

the superiority of each mechanism under certain situations and the other hand, in [7], a special topology, mesh network, is
proposes the ARPC MAC protocol to make use of the advantages ;oo med.

of the four mechanisms to avoid collisions. The proposed protocol In the paper. four mechanisms. Sender's Transmission
can not only reduce energy consumption of STAs, but also prevent paper, R ' ..
from collisions. Simulation results also verify the advantages of Range Cover (STRC), Receiver's Transmission Range Cover

the proposed protocol. (RTRC), Sender’s Carrier-sensing Range Cover (SCRC), and
Receiver’s Carrier-sensing Range Cover (RCRC) are proposed.
These four mechanisms have their superiorities in differ-
A wireless ad hoc network is a network temporarily formednt scenarios. Hence, an adaptive range-based power control
by a collection of stations (STAs) without relying on anyfARPC) MAC protocol combining the advantages of RTRC,
established infrastructure. Efficient energy management S€RC, and RCRC is proposed as well. Simulation results
much critical for wireless ad hoc networks because STAs ashow that ARPC achieves better network throughput and lower
usually battery-powered. In general, power control mechanigracket loss rate than the related work. ARPC can indeed avoid
can decrease STAs energy consumption, and further incretsePOINT problem and enhance the network throughput of
the network lifetime. Therefore, a lot of researchers pay theiireless ad hoc networks.
attention on power control recently [1]-[10]. The rest of this paper is organized as follows. Section ||
In [1], [2], similar power control mechanisms are proposedormally derives the transmission range, carrier sensing range,
where RTS/CTS are sent at the maximum power leigl,(;), and the interference range induced by some power. STRC,
and DATA/ACK are sent at the minimum necessary powd&TRC, SCRC, and RCRC schemes are formulated and an-
level (P,.;») as long as the receiver’s received signal to noisdyzed in Section lll. In addition, the energy consumptions
ratio (SNR) is above a threshold value. These mechanisms af6STRC, RTRC, SCRC, and RCRC schemes are compared
referred to the basic power control mechanism. Unfortunateiy, this section. In Section IV, an adaptive range-based power
when the basic power control mechanism is used, two kindentrol (ARPC) MAC protocol is proposed. Simulation results
of collision problems may happen [3], [6]. are presented in Section V. Section VI concludes the paper.
A STA may interfere with current transmission due to the

. . . . - Il. PRELIMINARIES
shrink of the carrier sensing range if power control is adopted. _ o . i
This collision is termed as the first collision problem [3]. FEC 1he definitions of the transmission range, the carrier sensing

code and additional transceiver for busy tone transmission &#99€, and the interference range have been defined in previous
required to prevent from the first collision problem in [4], [5]yvork [11]. For completeness, the definitions of these three
respectively. In [3], the schemes similar to the basic powFi"9€s are restated as follows. _ ,
control mechanism are proposed, which periodically usesPefinition 1 (ransmission Range, TR is defined as the
P,... instead ofP,... . for DATA transmission to avoid the range within which a packet can be successfully received and
first collision problem. The scheme in [3] needs no addition§P"rectly identified. .
hardware cost. However, this protocol may not prevent from Definition 2 Carrier-sensing Range, CR is defined as
the second collision problem, which is also the most importaffte range within which the signal can be detected, and the
problem to be solved. medium will be set in busy state. n

A STA interfering with current transmission due to the Definition 3 (nterference Range, IR is defined as the
expansion of the interference range if power control is adoptegthge within which the receiving STA will be interfered by
causes the second collision problem. The collision problemather STAs and thus suffer a packet loss. ]

I. INTRODUCTION



TR and CR much depend on the antenna sensitivity. In
general, the antenna sensitivity BfR is usually higher than
or equal to the antenna sensitivity 6fR. Without loss of
generality, we assuméR = §* TR, whered > 1. In addition,
TR, CR, and IR also vary according to the transmissio
power of the sender. In this pap&tR(P), CR(P) andIR(P)
denoteT' R, C'R, andI R induced by the transmission power
P of the sender, respectivelfR(P) and IR(P) have been
derived in [6]. We conclude these derivations as the followin
theorem.

Theorem 1:Suppose the radio propagation model is two- (@) (b)
way ground model [12]. The distance between the serfiler, _.
and the receiverR, is denoted a®gr. S uses the powePs E's% ply;m L',‘ eexztr?;ﬂgep;%tg?gfs(_i%shg ggra;) '2?53?&}();;33&5332?1@
to transmit. Therefore, the transmission rangeSofl’ R(Ps), smaller thanT R(Ppaz) since Dgr < 0.56TR(Pmaz). S', a source of

iAar. i ; interference, is outside both R(Pras) and IR(Pmaa). (b) S and R use
the carrier Sensing range of CR(PS)’ and the interference the reduced powetPs, to exchange Data/ACKIR(Pg) will be larger than
range of R, IR(Ps), are as follows. TR(Pmax) due to the reduction of the sender's power strength. As a result,

S’ is within IR(Ps) and may cause collision.

g

P,
TR(Ps) = ()7, (1)
CR(Ps) = 0+TR(Ps)=3x (0&)%, (2) [11]. AssumeS’ is a STA out of theT'R(P,nq.) of R. In
P, other words,S” can not overhear CTS transmitted B In
IR(Ps) = ( ¢ Praa )i 3) the meanwhile S’ intends to transmit using,,.... If S uses
cPs ’ Ps to transmit toR, IR of S will expand andS’ will be

D% SNRihota Fen D - L
within I R(Ps). Therefore,S” will interfere R. The collision is

wherec and ¢’ are two constantsP, = max{Pino1a, Py * denoted a®Ower controlINduced hidderTerminal problem
SN Ripora}, Py is the maximum tolerant noiseP’cy is  (POINT problem). O
the current noisepP, g and SN Ryyq are respectively the

received signal strength threshold and the SNR threshold such 1. RANGE COVER MECHANISMS

that a STA can successfully receive and identify a packet, andp, this section, four techniques, SCRC, RCRC, STRC, and
Prnaz is the maximum transmission power. " RTRC, are proposed to avoid tROINT problem. In addition,

For simplicity, let the current noisé}-, and constants; the energy consumption of these four schemes is also analyzed
andc/, be ignored. In practice, wheo y = 0, Py*SN Ryno1q N this section.
is always smaller tha®;;,,;4. Thus, we can geP, = Pijoi4-
In addition, SN R;;,q and § are set to 10 and 2 [11],

respectively. As a result, the following corollary is obtained 1) Concept of SCRCA physical carrier-sense mechanism
accordingly. is provided to avoid collisions in IEEE 802.11 standard. The

Corollary 1: SupposeSN Rynoiq ands are set to 10 and 2, STAs within CR of the sender can detect the signal and set
respectively. If the current nois€-, constant and constant the medium in busy state to defer their transmissions. Thus,
¢ are ignored, Theorem 1 can be simplified as follows. ~ CR of the sender can be used to solve #@INT problem

if IR(Pscrc) of the receiver can be completely covered by

A. Sender’s Carrier-sensing Range Cover Mechanism (SCRC)

TR(Ps) = Ps %, (4) CR(Pscre) of the sender wher@scro is the power level
Pinotd P used by the sender to transmit. Therefore, we have
S 1
CR(Ps) = 2xTR(Ps)=2x (Pthold “ ) CR(Pscrc) > Dsr + IR(Pscre)- (7)
IR(Ps) = 1.78x (P;“)%DSR. (6) 2) Derivation of Transmission Power and Restriction:
« Derivation of Transmission Power
" Based on the previous description, tROINT problem
According to Theorem 1, théR of the receiver is deeply can be avoided if the sender adopts the power level,

related to the transmission power of the sender. WRgh, Pscre, to transmit DATA. According to Corollary 1 and
is adopted, the/R of the receiver will expand. Therefore, Eq. (7), Pscrc can be obtained as follows.
the POINT problem may happen [6]. For completeness, the 1 1 .
definition of thePOINT problem is described as follows. Pscre 2 (3 Pihoa(Dsr + (BDsr)?))*,  (8)

Definition 4 POINT Problen): In power control mecha- P
nism, S and R use P,,,, to exchange RTS/CTS and use where = Dggr + 14.24 x P}’ Prac. As a result, the
Ps to exchange DATA/ACK, wherePs < P,,... Suppose sender can us®scrce to transmit DATA to avoid the
Dsr < 0.56«TR(Ppaz)- In this case]/ R(Ps) < TR(Prax) POINT problem completely.
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Fig. 2.
RTS/CTS. The gray area iBR(Pmaz), Which, in this case, is covered by
CR(Ppaz) since Dsp < 0.72TR(Ppaz). S’, a source of interference,
is outside bothI’ R(Ppas) and IR(Pmaz). (b) S and R use Pscrc to

exchange DATA/ACK, wheréP’scrc is set to the power level that satisfies.

The concept of SCRC. (& and R use Pp,., to exchange

CR(Pscrc) = Dsr + IR(Pscre)-

« Restriction
Since Pscre is limited to Py, o0, iIf Pscre = Praz, WE
can get

DSR < 0.72 TR(P'H'L(L-L) (9)

That implies when theDgg is smaller than0.72 x
TR(Pyaz), the CR of DATA can fully cover thelR
of the receiver.

3) SCRC MAC Protocol:The concept of SCRC MAC
protocol is shown in Fig. 2. Suppose STA wants to
communicate withR. Following CSMA/CA mechanismS
successfully contends the medium access right and Bsgs

to send RTS taR. If R successfully receives the RTS packet,

by Eqg. (8), R evaluatesPscrc and attaches this information
in its CTS packet.R then usesP,,,, to reply CTS toS.
Finally, S and R use Pscrc to exchange DATA and ACK.
Therefore, SCRC can totally avoid tfOINT problem.

B. Receiver's Carrier-sensing Range Cover
(RCRC)

1) Concept of RCRCThe main idea of RCRC is to |€f R
of CTS coverl R of the receiver to avoid thBOINT problem.
That is, it requires

IR < CR. (10)

According to Eq. (6),[R is greatly related to the sender’s

transmission power. LeP,,;,, be the minimum power of the

sender required transmitting to the receiver. If the transmission

power is P, it will cause the maximund R. The following
theorem derives the maximuiR caused byP,,;,

Theorem 2:When the sender adopt®,,;, to transmit,
IR of the receiver,IR(P,.;»), Will be always equal to
1.78*T' R(P,,q.), Which is independent aDgsg.

Proof: Since P,,;, is the minimum necessary trans-
mission power level for the sender to transmit, therefore,

TR(Pynin) = Dsr. According to Eq. (4) in Corollary 1P,,,;,
can be obtained as below.

Pmin = Pthold . Dg'R (11)

Mechanism

Substituting P,,,;,, by the above equation into Eq. (6),
IR(P,,:») of the receiver can be obtained as follows.

Pma:r 1
IR(Pin) = 1.78( )=, (12)
Pinota
It implies
IR(Pyin) = 178 * TR(Ppaz)- (13)

Obviously, Dsr does not affect the interference rangesSif
usesP,,;, to transmit toR. [

Therefore, if CR of CTS can cover the maximuniR,
the POINT problem can be avoided. According to Corol-
lary 1, CR(Pyaz) is twice of TR(P,,..). However, based
on Eqg. (13), the maximun/R is 1.78 timesTR(Ppax)-
Hence,IR(Ppin) < CR(Ppaz). As a result,] R(P,,;,) of
the receiver is always smaller th@hR(P,,,.) of CTS. That
implies the receiver needs not transmit CTSHR, ... In other
words, the receiver can use a smaller power, £y rc,
to transmit CTS instead oP,,,,. However, Prcrc should
satisfy

IR(PIYL’iTL) S CR(PRCRC)~ (14)

As a result, the receiver can ugcrc to reply CTS and the
sender can usé,,;, to transmit DATA to avoid thePOINT
problem.
2) Derivation of Transmission Power and Restriction:
« Derivation of Transmission Power
According to Corollary 1 and Eq. (14), we can get

Py, Prore 1

min thold
Thus, Prcrc can be obtained as follows.

0894 * Pmam * DgR * Pthold
P’min .
The Pgrcgrc derived from Eq. (15) can ensure that
IR(Pin) < CR(Prcre). However,Prcore still needs
to make sure that CTS dt can be received by. There-
fore, Prore still has to satisfyT' R(Prorce) > Dsr.
Thus, by Eq. (4)Prcrc > Dég* Pinola. Consequently,

0.89% % Pps
Pmin

1.78 % ( )iDSRSZ*(

ax

(15)

Prcre >

PRCRC Z max( s 1) * DgR * Pthold- (16)

Restriction

Since IR(Ppin) < CR(Ppnaz), Prore 1S always
smaller thanP,,,,.. Dislike SCRC, RCRC has no power
restriction. However, RCRC has a restriction on DATA
length. In IEEE 802.11 standard, a STA which does
not correctly receive the last frame shall defer a period
of time, EIFS, after the medium is determined to be
idle. Since, in RCRC/R is covered byCR of CTS,
the interfering STAs located id'R of the receiver will
set an EIFS to defer its transmission. Therefore, in
RCRC, the duration of the DATA transmission should be
shorter than an EIFS. Otherwise, collisions may happen.
Consequently,

L x8

—— + aSIFSTime< aEIFSTime an
r
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Fig. 3. The concept of RCRC. (&) usesPmq, to send RTS and? adopts D (M)

Prcore to reply CTS, wherePrcrce is set to the power level such that
IR(Ppyin) = CR(Prcre). S’ is outsideI R(Pyin ). (b) S usesP,ir, to

Fig. 4. Comparisons of energy consumption among STRC, RTRC, SCRC
send DATA andR UsesPy,q. to reply ACK. S’ is still outsidel R(Pyin)- 9 P 9y P 9

and RCRC in terms oDgg.

where L is the DATA length in bytes and- is the
transmission rate in Mbps. On the basis of IEEE 802.11 "
standard, EIFS = SIFS + DIFS + [(& ACKsize) Prrro 2 10% Dgp * Pinota- (20)

where BitRate is the PHY’s lowest mandatory rate. , ,
Accordingly, EIFS is equal to 364s under 1 Mbps !N the previous sectio’srrc, Prrre, Pscro, @ndPrin
channel bit rate. In DSSS PHY, aSIFSTime is set to 1Y° adopted by STRC, RTRC, SCRC, and RCRC for the sender

us. Therefore, by Eq. (17), should satisfy that to send DATA, respectively. Although the gnergy.consgmption
of RCRC is the least, the usage of RCRC is restricted in DATA
L <44.25 % . (18)

length. Actually, the four mechanisms have their superiority
Therefore, the restriction of RCRC is that the length Oqt different aspects. Therefore, it is important to compare the
DATA should be shorter than4.25 * r bytes.

energy consumption of the four mechanisms.
) On the basis of the analysis in the previous section, the
3) RCRC MAC _Prof[ocoI.The concept of RCRC MAC values of Psrpc, Prrne and Pscpe in terms of Dep are
protocol is shown in Fig. 3. Suppose wants to transmit to hown in Fig. 4. Obviously, the energy consumptiorPof zc
R. If S successfully contends the medium access right and ﬁ?gealways higher than thét OPrrre. It is because STRC
DATA length to be sent is shorter than or equaltn25 « r needs more power than RTRC to cover fife of the receiver
bytes, S usesP, to send RTS. IfR successfully receives ; .
’ maw Thus, we can conclude that RTRC is more energy efficient
the RTS packet, by Eq. (16)R evaluatesPrcrc and uses 9y
Preore to reply CTS toS. As a result,S and R use P,,;,,

than STRC. As Fig. 4 indicates, the energy consumption of
rP isn Iw higher than th . In order

and P,,,,., to exchange DATA and ACK packets, respectively, gTRC s not always higher than that dfscrc. In order to

In such a way, not only the sender can adopt the minimu

t the intersection point dPrrrc and Psgreo, We assume
power to transmit DATA and save its power consumption, but
also thePOINT problem can be completely and effectively
avoided.

Prrre = Pscre- (21)

Take Eg. (20) and Eqg. (8) into Eg. (21), the intersection
C. Sender’s Transmission Range Cover Mechanism (STROjnt is occurred when
and Receiver’'s Transmission Range Cover Mechanism (RTRC) -1
In IEEE 802.11 standard [13], the virtual carrier-sense Dsr = 039 % Fyyiorq Priac. (22)
mechanism is provided to avoid hidden terminal problentom Eq. (4), Eq. (22) can be modified as follows.
Under virtual carrier-sense mechanism, the hidden STAs can
predict the subsequent traffic on the medium based on the
duration information announced in RTS or CTS to defer )
their transmissions. Therefore, STRC or RTRC figure out anEd- (23) means that whesy is 0.39 * TR(Ppnaz),
appropriate power levePsrro Of Prrro, for the sender to the energy consumptlon of RTRC is the same as SCRC.
transmit DATA, such thal R(Psrrc) or IR(Prrre) can be Accordingly, whenDS_R is smaller _than0.39 * TR(Ppaz),
covered by thel'R of RTS or theT'R of CTS, respectively. the energy consumption 'of RTRC is less than that of SCRC.
However, due to the lack of space, the paper just shows {HE the contrary, SCRC is more energy efficient than RTRC

derivation results 0Py re and Prrre as follows. whenDgp, is larger thar0.39+«T R(P,... ). AS a consequence,
L B the comparisons among STRC, RTRC, SCRC, and RCRC are

- 1
Psrre > 10% (P%, Dy — Praz) ™ (19) summarized in Table I.

Dgr = 0.39 % TR(Pas). (23)



TABLE | . . .
COMPARISONS AMONGSTRC, RTRC, SCRCAND RCRC. betweenA and B is denotedD 45, which is varied from 10

m to 250 m. There are two CBR flowd, — B andC — D,

in the simulation. Since the transmission probabilities of the
CTS DATA _ ACK _ Superiority two flows are not fair [15], the interarrival time of — B is
STRC | Pmaz  Pstrc PsTtrc NONe set to 0.00001 sec and that 6f — D is set to 0.001 sec in
RTRC | Pmaz  Prrrc Prrrc Dsr < 0.39TR(Pn.,)  the simulation.

SCRC | Pmar  Pscrc  Pscro  0.39TR(Pmas) < Dsn Fig. 5(a) illustrates the energy consumption of the proposed
< 0.72TR(Pra) power control protocols against IEEE 802.11 DCF. In power

control mechanisms, the distance between the sender and

RCRC | Prorc  Pmin  Pmaz L <44.25xr Bytes the receiver directly affects STAs’ energy consumption. The
longer the distance is, the more the energy consumes. On the
contrary, IEEE 802.11 DCF always consumes the maximum
IV. ADAPTIVE RANGE-BASED POWER CONTROL (ARPC) power, irrelevant to the distance between the sender and the

MAC PRrRoTOCOL receiver since no power control is adopted. By Fig. 5(a),

According to previous analyses, SCRC, RTRC, and RCREIS qbvious that the energy consumption of IEEE 802.11
have their merits in different scenarios. In this section, dACF iS the worst. On the other hand, the energy consump-
adaptive range-based power control MAC protocol (ARPCPNS of RTRC, SCRC, and RCRC are consistent with the
combining the advantages of the SCRC, RTRC, and Rcrpalyzed results shown in Fig. 4. The energy consumption

is proposed for solving theOINT problem. The detailed ©f RCRC performs the best due to the minimum power for
procedure of ARPC is stated as follows. DATA transmission and a smaller power for CTS transmission.

SupposesS intends to transmit toR. If S successfully Moreover, the performance of RTRC is better_ thgn that of
contends the medium access right,,.. will be adopted to SCRC whenDp is shorter than 97.5 m, which is equal
send RTS. If the length of DATA is shorter tha.25+r bytes, 0 0-39 % TR(Pmaz). Otherwise, SCRC performs better than
RCRC MAC protocol is adopted for the subsequent steps ofd RC- Since the packet length used in the simulation is larger
four-way handshake, whereis the transmission rate. Other-than44.25 x r, as a result, RCRC will never be adopted by
wise, Dgx, is taken into consideration faR to decide which ARPC. Thus, except RCRC, ARPC performs the best against

MAC protocol will be used. IfDsr > 0.39 * TR(Pyaz), RTRC, SCRC, and IEEE 802.11 DCF. _
SCRC will be used for the following steps of a four-way Fig. 5(b) demonstrates the throughput of the five protocols

handshake. Otherwise, RTRC is adopted. in terms of D 45 varied from 10 m to 250 m. Whe® 45 is
shorter than 50 m, the two flows can transmit simultaneously
V. PERFORMANCEEVALUATIONS without interference. Therefore, the five protocols have the

To verify the effectiveness of SCRC, RTRC, RCRC, angame throughput. However, whén, g is equal to or larger
ARPC protocols, the four protocols as well as IEEE 802.1han 50 m, B is within CR of C. Thus, the two flows
DCF [13] are simulated and compared. The metrics to wéll interfere with each other. That is the reason why the
evaluated include throughput, energy consumption, and enefg§oughput of the five protocols drops. Moreover, in RCRC
efficiency (throughput per joule). The simulations are corprotocol, whenD 4 is larger than 105 m(' is located in

ducted byns—2 simulator [14]. Simulation settings are showthe IR of B because, in RCRC, the sender always uses the
in Table 1. minimum power for DATA transmission and the interference

range is alwayd.78 « T R(P,,q.:), Which is equal to 445 m.

TABLE I :
SIMULATION SETTINGS. Asa resqlt, wherDAB is larger than 105 m, the throughput of
RCRC will drop again. Nevertheless, the other four protocols
Parameter Value .
TR(Poas) 550 m will not be affected by the phenomenon. However, when
CR(Prmaz) 500 m D,p is larger than 198 m(' is within the IR of B for
Transmission rate 1 Mbl/s the four protocols, except RCRC. Therefore, the throughput
Praa 28.183 mW7 of the four protocols drops and the four protocols have the
g%d i-o652 *107" mW same throughput with that of RCRC. It is worth noting that
Traﬁiéhr(;qlédel CBR RTRC and SCRC will use the maximum power to transmit

when D 4 p is respectively larger than 0.56 and 0.72 times the
maximum transmission range. As a result, RTRC, SCRC, and
ARPC will have the same throughput with that of IEEE 802.11
A linear topology is employed to observe the behaviors &CF.

RTRC, SCRC, RCRC, ARPC, and IEEE 802.11 DCF, where Fig. 5(c) compares the energy efficiencies of the five proto-
four STAsS A, B, C, and D form a line in turn.A, C, andD cols in terms ofD4p varied from 10 m to 250 m. Energy
are stationary an@® will change its position toward’ in the efficiency is defined as the number of bits transmitted per
simulation. The distances betwednand D as well asC' and unit of time and per unit of energy consumption, which can
D are respectively fixed to 800 m and 250 m. The distante obtained by dividing throughput by energy consumption.

Mean frame length 2312 octets
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RTRC, SCRC, RCRC, ARPC, and IEEE 802.11 DCF are compareD fgs varied from 10 m to 250 m in terms of (a) the energy consumption,

The energy efficiency of IEEE 802.11 DCF performs th&-032-005 and NSC 95-2524-S-032-003.

worst since it always uses the maximum power to transmit,
even though it has the best throughput performance. On the
contrary, RCRC always uses the minimum transmission powétl
for DATA transmission. Although RCRC has poor throughput
when B is approaching t@ andC is located in the/ R of B,
RCRC still has the best energy efficiency. As for RTRC and?l
SCRC, the two protocols have the same throughput. When
Dap is shorter than0.39 x« TR(P,,..), RTRC has better [3]
energy efficiency than SCRC since the energy consumption
of RTRC is less than that of SCRC. Otherwise, SCRC h
better energy efficiency than RTRC. It is worth noting that
the energy efficiencies of RTRC and SCRC have the same
performance with that of IEEE 802.11 DCF whéh,p is 5]
respectively larger than 0.56 and 0.72 times the maximum
transmission range. It is because, in those situations, RTRC
and SCRC will use the maximum power to transmit. (6]

V1. CONCLUSIONS

The paper analyses the relationships among the transmissiéh
range, carrier-sensing range, and interference range under

different transmission power level and reveals that the trans-
mission range of the sender, transmission range of the receivé,
the carrier-sensing range of the sender, and furthermore the
carrier-sensing range of the receiver can be used to cover
the interference range in order to avoid tR®INT problem. [°
Thus, STRC, RTRC, SCRC, and RCRC MAC protocols are

presented and analyzed. An adaptive range-based power ¢ooj-

trol (ARPC) MAC protocol for collision avoidance in wireless

ad hoc networks is proposed as well, which makes use of
the advantages of the four mechanisms to reduce enefgy
consumption and avoid collisions. Simulation results show that
ARPC can not only reduce the energy consumption without
sacrificing network throughput, but also avoid tROINT [12]
problem accordingly. As a consequence, ARPC is an effecti\i%
and efficient power control MAC protocol in wireless ad ho[: ]

networks. [14]
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