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Abstract—In this paper, we describe a scheme that allowsv  motivation and a brief overview of salient issues. A summary
mobile nodes to talk with one another simultaneously under description of the proposed scheme is given in section Il.

the following constraint: No node may transmit and receive Tpa main results of this paper is presented in section IlI.
at the same time. Furthermore, we focus on a Personal Area . . . .
Concluding remarks are discussed in section IV.

Network (PAN) application limiting the network to a single-hop
ad-hoc network. For the purposes of comparing our scheme to
other proposals, we introduce a specific Bluetooth-based CDMA [I. A CDMA B ASED S-PAN

instance of the scheme that requires minimal changes to the : . . . . .
current specification of Bluetooth. The Bluetooth-based CDMA I,n, this section, we first PrOV_'de a brief _Overv'ew of an
scheme is shown to outperform the current Bluetooth specifi- €fficient scheme for scheduling in PANs. This scheme, called

cation in “efficiency” and in power consumption. Specifically, Switched PAN (S-PAN) was introduced in [1]. We refer the
the Bluetooth-based CDMA piconet of the scheme is shown to reader to [1] for more details and other results. After the brief
Zgg\izvesl ;/”e;)o‘éirr:‘]ez‘rjeéattci)oihzs 'c‘)’;’}’si SZ g\t/)g#]téz(c)j (r‘é‘l’t'ltg c?fe\aizgut description of the general model, we introduce a Code Division
43% for an equivalepnt Bluetooth Fr?)iconet. Furthermore, contrary Multiple Access (CDMA) instance of the gen_eral model.
to the Bluetooth piconet, the “overhead ratio” of the proposed e model an autonomous system &f mobile nodes and
CDMA piconet decreases as the number of active slaves in the the wireless channel as @ x N switch. Each mobile node is
piconet increases. It is also shown that the power consumed by aassumed to have a single transmitter and a single receiver. In
g“;;gozhl (F)M??nneest IS .‘:kr]dgé O;nmaag.mé”glzs ég)b‘:]:ﬁg ttrlgrfstha:endc?per practice and for economical reasons, the single transmitter and
consurlmj1ed b;/ an lev(\q"uivale\?]t picolr\llet of \tlhe proposed schenge\.N S?ngle receiver. on a mOb”e node are usually combin.ed in a
single “transceiver” which alternates between a transmitter and
|. INTRODUCTION a receiver. In this case, the node can not transmit and receive at

i ) ) the same time. We term this the Half-duplex constraint (Hd).
There are many proposals in the literature for multlacce,§§gure 1 shows a schematic diagram of the model.
protocols that allowV mobile nodes to communicate with one

another as an autonomous system [7]. However, providing hard
Quality-of-Service (QoS) guarantees in the wireless environ-
ment has been the main limitation. For a survey see [4]. Most
of these proposals provide best-effort service and some provide
QoS guarantees vigservedchannels. The reserved channels
approach is inefficient fobursty sourcesince opportunities

for transmissions will be wasted if the source assigned g 1. A model in which theV mobile nodes and the wireless channel are
the channel has no data, even if other sources have quewedeled as av x N switch. A dotted horizontal line indicates that a node

data ready for transmission. Therefore. we considatistical % N the left representing a transmitter, and the corresponding#ode the
) ' right representing a receiver, are on the same physical mobile node. A solid

multiplexing mechanisms that provide QoS guarantees in; (an edge) betweenand j indicates a backlog at destined toj’. We
wireless Personal Area Network (PAN) environment. Thell this special bipartite graph th¥-Node Bipartite Graph (NNBG).

basic ideas and some results were first introduced in [1]. In
this paper, we will present a new CDMA based proposal, The “maximal” matchings in an NNBG (where NNBG is
and prove performance results regarding the “overhead ratgscribed in figure 1) that satisfy the Hd constraint are used to
(as defined below) and power consumption of the proposptovide QoS guarantees in half-duplex ad-hoc networks. We
We use the Bluetooth [3] as an example of a PAN netwodall these “maximal” matchings, thdalf-duplex Constrained
and we demonstrate the advantages of the proposed schéftagimal (HACM) matchings
by comparing it to the current specification of Bluetooth. There are many approaches the central node may take to
We refer the reader to [5], [6] or the core specification [3hatch requesting transmitters to their intended receivers. We
for a background or a comprehensive overview of Bluetoothssume a scheduling policy that uses CDMA ang HdCM
respectively. matching between the transmitters and receivers. Maximal
This paper is organized as follows. Section | presentsnaatchings are easier to compute than “maximum” matchings,
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however, the results also hold if a maximum matching is uséldht I time-slots are used for the interconnection, where we
since a maximum matching is also maximal (the conversedssume that the maximum number of time-slots scheduled by
not true). the master in any frame 5:°".. Thus,1 < I < T:" . Note
A Bluetooth-based CDMA S-PAN:We consider Bluetooth that ¥ = P+ R+ B + 1.
as a specific example of PAN networks against which we Key Distinctions of a CDMA S-PAN Scheme:Contrary
compare the performance of our scheme. To do so, we desctitbehe original S-PAN scheme of [1], in this CDMA S-PAN
a proposedspecificinstance of the abovgeneral CDMA S-  system, the number of time-slots used for slaves’ response,
PAN scheme. For convenience, in the remaining of this pap&, is independent of the number of active slavés, and
we will refer to this “Bluetooth-based instance of a CDMAypically equals one time-slot. This is due to the fact that
S-PAN” simply as the CDMA S-PAN. all slaves in a CDMA system may respond simultaneously
Consider an established Bluetooth piconet withslaves (during the same time-slot) to the polling request by the
and N = K + 1 nodes including the master. Assume thanaster. However, as mentioned earlier, for reliability we will
each node in the piconet is uniquely identified by a 1-bytssume that < R < agr, Whereag is a positive integer. A
address where we assume that the all-zeros 8-bit addresscond key difference between the original S-PAN system and
identifies the master. Applications for piconets with large nuna CDMA S-PAN system is that the number of active nodes in a
ber of slaves include industrial communications in factoriepjconet is not strictly limited to double the number of available
electronic wireless gaming, sensor networks applications, attthnnels. It is, however, limited based on the acceptable signal
others. The basic idea of the Bluetooth-based CDMA S-PAfd noise ratio (SNR). Let the maximum number of allowable
scheme is to match requesting transmitters to their intendgdthultaneous communication links in a piconet be denoted by
receivers without conflict. M .- This parameter represents the maximum number of
In order to match communicating nodes without conflicpairs that can communicate concurrently during a given time-
three basic stepstake place in the following order. First,slot. M,,,.. in a CDMA system is a function of the acceptable
the slaves communicate to the master their “requests”, whiSiNR.
could be for example, the destination nodes of their transmis-
sions and the size of their queues for each of those destina--
tions. Second, the master computesamflict-free matching
between requesting transmitters and their intended receiversve will denote our scheme as the “CDMA’ and compare
Third, the master conveys the computed schedule to all slaVieto a Bluetooth piconet, denoted by “BT” (for Bluetooth).
(not only the requesting slaves). The schedule could be coNpte that we are using the term “time-slot” interchangeably
puted for the next Bluetooth time-slot or for the neetveral Wwith the term “Bluetooth time-slot”.
time-slots. The three basic steps can be implemented in manyVe need the following definitions to measure the “effi-
different ways. The required communications in the first arglency” of a CDMA S-PAN piconet and compare it to a
third steps represent a communicatimrerheacf scheduling. Bluetooth piconet, under similar settings.
To minimize this overhead and to easily support time-sensitiveDefinition 1: (Throughput-packets, overhead-packets, and
data, we chose a polling scheme to implement the first steperhead-ratio) Bythroughput packetsve mean all usedata
and a broadcast scheme (by the master) to implement the tifliegketscounted only once when received by the destination.
step. The second step is implemented using either a maximBn overhead packetere mean all transmitted packetscept
or a maximal matching as explained earlier. the throughput packets. For example, when the master relays
The basic CDMA S-PAN algorithm repeats evefytime- a packet from one slave to another slave, we define the packet
slots, whereF, the frame-length, isariable First, the master transmitted from the source to the master as an “overhead-
polls the slaves. Assume thRttime-slots are used for polling. packet” and the packet transmitted by the master and received
Typically, P = 1, however, for reliability we may assume thaby the second slave as a “throughput-packet”. In the CDMA
a polling packet may be repeated a maximumpftime-siots. S-PAN, all polling, slaves’ response, and schedule-broadcast
Second, the slaves respond. Assume fhéme-slots are used packets are defined as overhead packets.
for slaves’ response. Note that in a CDMA system, all slavesWe define theoverhead ratioduring an intervalT" time-
may respond simultaneously (during the same time-slot) $ots, 3(T'), as
the polling of the master. Hence, typically = 1, however, Overhead packets during’
for reliability we will assume that < R < ar, wherear B(T)
is a positive integer. Third, the master broadcasts a schedule.
Assume thatB time-slots are used for the schedule broadcaénd /= lim §(T) if it exists.
Similar to the case of polling, assume tHak B < ap. Let Definition 2: (Heavy load condition) We defineeavy load
A = P + B. Lastly, the nodes are interconnected. Assunmmndition to mean that every node in the piconet always has
data to send to every other node in the piconet.
1We_ chose a 1-byte identifier to extend the maximum allowable number pefinition 3: (Notational convention) Under the heavy load
of active slaves in a piconet beyond 7. If the application of the piconet does ndition of definition 2, we denote the quantifyby (..,

not require the number of active slaves to exceed 7, the 3-bit Active Memte? g ) k i
Address of BluetoothAMADDR may be used instead. whether for a fixed duratioff’ or in the limit.

EFFICIENCY OF THECDMA S-PAN IN COMPARISON
TO BLUETOOTH

@

~ Total transmitted packets during’
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By “efficiency” of a piconet, we mean a measure of hows even, the size of any matching may not exc@&@. If N is
many overhead packets are transmitted in a piconet ovepdd, note that at least one node will never be matched. Hence,
long period of time. The less the number, the more efficiev — 1)/2 is the maximum size of any matching whénis
the piconet. This measure has a direct influence on both th#d. Thus, in both cases the size of any matching in an NNBG
“throughput” of the piconet and th@ower efficiency For satisfying the half-duplex constraint (maximal or other) may
a fair comparison of efficiencies, it is critical to note thahever exceec[%]. ]
under the heavy load condition, we need to assume that thé.emma 2:(Achievable size of half-duplex constrained
masters will not “starve” any active slave from sending toatchings under heavy load condition) Under heavy load
any other slave for a long period. This could happen, in BJondition, a half-duplex constrained matching of sjZ&f |
piconet for example, if the BT master, having infinite loads always achievable.
only serves packets originating from the master or destinedRooof: An upper bound on the size of half-duplex constrained
the master from slaves. In this case, the Bluetooth piconet ntaptchings off £+ | was established in lemma 1, whele+
achieve an overhead ratio close to zero. The comparison td & V. It remains to show that it is achievable under heavy
CDMA S-PAN piconet will not be fair since the CDMA S-load. The fact that this is achievable follows by noting that
PAN piconet does not have such a peculiar situation. Thus, forder heavy load, we are guaranteed in the NNBG to have an
a fair comparison of overhead ratios, we need the assumptigige fromeach nodeon the left side of figure 1 tevery node
formalized in the next definition. on the right (except the horizontal edgm).

Definition 4: (Slave-to-slave (STS) assumption) We assunfyoof of Claim 1: Assume thafl" is large enough. We will
that no active slave is starved from sending to any other slag@nsider the best and worst scenarios for a Bluetooth piconet
for a period more than it normally would in a round robirand for a CDMA S-PAN piconet. First, consider a Bluetooth
scheme that allows each node to send to each other nod@itpnet. The best scenario (i.e., the legé&’) is when all
the network. More precisely, under the heavy load condition paickets from master-to-slavesd all packets from slaves-
definition 2, no slave in a piconet & active slaves is starvedto-master are counted as throughput, a totak &t packets.
from sending to any other member (a slave or the master)Niote that there is a possibility for this to happen. Consider
the piconet for more thag@kK? + Z consecutive time-slots, an epoch inl" in which all nodes in the network sent at least
whereZ < K is a constant [2]. one packet to each other node. In this epoch, at least a total

CLAIM 1: (Asymptotic overhead ratios under heavy loa@f K (K + 1) packets are needed to be delivered to cover
condition) Under the heavy load condition of definition 2, andommunications from each node to every other node in the

the STS assumption of definition 4, we have network. Among thes& (K +1) packets2 K packets are from
1) Overhead ratio for a Bluetooth picongtB”: master-to-slavesand from slaves-to-master. The remaining
packetsK (K + 1) — 2K = K(K — 1) are from slave-to-
K-1 < BET < 1 2) slave, which will double in transmission by relaying them
2K 7% T2 through the master. Thus, all slave-to-slaéK — 1) packets

2) Overhead ratio for a CDMA S-PAN piconet{PM4:  constitute the overhead packets among tibtal transmitted
packets of2K + 2K(K — 1). Assume thatT' is divided

% < pgPMA < A+a}: —, (3) into epochs each one of lengthiy + 2K (K — 1) time-
3+ T, Atap+ar TG, slots and each epoch covers the minimum set of packets
where ar is the maximum number of time-slots peffor communication from every node to every other node in
slaves’ responsey* = min{M,q., | 552} the network. Note that we may choose the epoch length
In order to prove claim 1, we need the following twaconveniently as long ag' is large enough. Assume thdt
lemmas, properties of HICM matchings in NNBGs. containsa?T epocgg, where/®7 is a large positive integer.
Lemma 1:(The maximum size of matchings satisfying th&hen 27 ~ QBT‘EQKﬂIIg(‘élU} = % where o7 is a

half-duplex constraint in an NNBG) The maximum size of anlarge integer. The worst scenario for a Bluetooth piconet is
matching satisfying the half-duplex constraint in an NNBG ig/henhalf of all transmitted packets is overhead packets. This
|MX| = | 5|, whereN is the number of nodes of the NNBG.could happen if the master serves slave-to-slave packets for
the entireT'. This completes the proof of (2).

Proof: Consider an NNBG withN nodes as in figure 1. Next, consider a CDMA S-PAN piconet under the same
SupposeM X is any matching in the NNBG satisfying thecondition during the same large interval Assume thatl’
half-duplex constraint. Pick any edge M ¥, say the edge is divided into epochs each one of length+ R + I time-
matching node (on the left side of figure 1) to nodg (on slots and each epoch covers the minimum set of packets
the right side of figure 1). This edge eliminates at least twior communication from every node to every other node
other nodes from being matched AdX, namely, node’, the in the network. Assume thal’ contains a“”4 epochs,
horizontal node ta, and nodej, the horizontal node tg’. wherea®”M4 is a large integer. Under heavy load condition,
Note that for any other edge il X, if it exist, say matching I = 7" . In each interconnection time-slot (of the possible

max*

nodek (on the left) to nodd’ (on the right), two other nodes 75" in an epoch), a maximal matching is used. Let the

max

(namely,k’ andl) can not be matched in/~. Clearly, id N size of the maximal matching used b&*|. Under heavy
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load condition, by lemma 2)MX| is the same for all epochs OPEL,...(T) andOPSDAA (T), respectively. Define
and |MX| = L%J. However, if the maximum number of the master energy-saving factaturing an intervalT,
pairs allowed to be connected simultaneously in any time-  and under heavy load condition2****"(T'), as

slot, M., is less than the size of the matching, o, ..

packets will be transported in a single time-slot. Thus, the total emaster () _ [OP et (T) + pOPL L. . (T)]/T
transported packets in an epochAs+ R + a*T3¢h | where e - [OPSDMA (T 4 ,OPSDMA ()] /T
o = min{ M4z, L%J} (5)
In the CDMA S-PAN, in each epoch, onA + R And gmaster — Tlim gmaster(T) if it exist.
are S‘C’EEE‘E(ii }gackets by iejgltlon. Therefor; - CLAIM 2: (Asymptotic comparison of energy overhead in

aCDMATAYRtorTseh Y — AtRtorTadh* ) the piconets) Under heavy load condition and the assumptions

Equation (3) follows by noting"the following. The besty gefinition 5, thepiconet energy-saving factoericonet, is
scenario for the CDMA S-PAN is wheal = P + B = q,ch that
1+ 1 = 2 and when the slaves’ response takes a single

time-slot. The worst scenario is wheng (> 1) time-slots e1 < el < ey, where (6)
per slaves’ response is used aAd> 2. &
Theenergy fairnesse masters who _have Fo do extra worlf o) (K2 — K)(A+ agp + T2 )
that the network functions properly is an important consider- e; = AT o) maz)
ation in this study. Every packet transmitted (or received) by 5 Scf
the master that is not part of the mastedata or payload ey = (K~ — K)(3+Tmax)'
may be considered an unfair expenditure of the master’s 6K

energy resources. In the next claim, we compareethergy
overheacbf the CDMA S-PAN piconet to that of an equivalent proof:- Assume thatT is large enough. Then we can

Bluetooth piconet. As a corollary of this claim, we will be ablg.qnsider the throughput packets in epochs of fixed length of

to compare theenergy fairness of the mastef a CDMA S- ime_glots in7. First, consider a BT piconet. Let the epoch
PAN piconet to that of the master of an equivalent BIuetoo;Qngth b@ 2K2 time-slots. and assume that containsa 8T

piconet. _ ~epochs, wherex57 is a large positive integer. At best, all
In order to perform a comparison, we need the followingsgter-to-slaveand slave-to-master packets, a total B
assumptions and definitions. packets, are counted as throughput packets. The total of slave-

Definition 5: (Energy-saving factors of the CDMA S-PAN;q_g|ave packets i (K —1) = K2~ K. Note that thek2 — K
piconet and of the master of the CDMA S-PAN) Assume thafckets will be counted as throughput packets when they are
all transmitted packets are of equal length of one unit. Defipgceived by their destinations and also as overhead packets

every overhead packet transmitted in the piconet to correspefen transmitted by their sources. Therefore, asymptotically,
to e; + e, units of unfairly expended energy, whergunits are OPBT T ~ oPT(K2ZK)

expended by the transmitter and units are expended by the Second coﬁZde((Qef;)n equivalent CDMA S-PAN piconet over
receiver. Lete; correspond to one normalized unit of energ}/h ’

and definey — e, /e e same time interval’. Let the epoch length in this case be
G = er/er - . A+ R+ T:h | and assume thdf containsa®PM4 epochs,
1) Let the overhead packet®f definition 1 during an \ynereCPMA jg g large positive integer. Note that we may
interval 7" for a Bluetooth piconet and @ CDMA S-PAN chqgse the epoch length conveniently as long as the number

H A
piconet be denoted a® PP (T) and OP“PMA(T), epochs inT is large enough. The overhead packets in

respectively. Define thepiconet energy-saving fec_torCDMA S-PAN in an epoch is by definitiont + R. Hence,
during an intervall’, and under heavy load COﬂdItlon,aSymptotica”yOPCDMA/T . aPMAALR)

piconet ’ ~ GCDMA (A+R+T:ch)

‘Soo (T)' as OPBT/T - (Ksz)(AjLRJrTSCh)

(et + e,)OPPT (T)/T Therefore i, " ~ gpepwiars X~ apetarm
ghiconet () — tTr Y Equation (2) follows by noting that the best case scenario for
(et +e,)OP (T)/T the CDMA S-PAN is when the responge = 1 instead of
__oPPI(T))T @ R=on and whenA4 = 2, the minimum possiblem
OPCDMA(T) /T Corollary 1: (of claim 2) (Asymptotic comparison of en-
And epiconet — iy epiconel (T if it exist. ergy overhead of masters of the piconets) Under heavy load

condition and the assumptions of definition 5, theaster

T—o0 e
2) Let the overhead packetof definition 1 that are energy-saving factor"ester  is such that

transmitted by the masteduring an intervalT' for a

Bluetooth piconet and a S-PAN piconet be denoted master
es <¢ < e4, where 7
asOPET, . (T) andOP) DAY, (T), respectively. Let Pt =M @

the overhead packetsf definition 1 that arereceived 5 . , _
It can be shown tha2 K= is the minimum number of time-slots required

b_y the masterduring an interva!T for a Bluetooth so that each node in a BT piconet send at least one packet to every other
piconet and a CDMA S-PAN piconet be denoted asde [2].
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oo = U+m(K? = K)(A+ar+T50,)
8o 2K2(A + pag) ’

(1+p)(K? - K)(3+ Tpi)

2K2(2+ p) ’ /

Proof: The proof is a direct result of claim 2 and applicatio
of the definition in (5). Care must be taken in separatin
the overhead packetsansmitted by the mastavhich expend
e; units of energy and the overhead packetseived by the
masterwhich expende,.. ®

EEESESEFIEE S
IR Tt S
]

-
o

61 |/

Piconet enwsav:; factor

A. Discussion of the results

S T S R (T T SEC S S R

We discuss the results by means of plotting the limits
predicted in the above claims (see figures 2 and 3). Figure
2 shows the significance of the results. A key feature of the
proposed CDMA scheme is that the scheme becomes more
efficient (in terms of overhead packets) as the number of active IV. CONCLUDING REMARKS
slaves increases in the piconet. As shown in figure 2, this is

h ite of the behavi fth i ificat A description of a new CDMA based proposal for a PAN
€ opposite of the behavior of the currént speciication .chhitecture was presented. The main objectives of the study
Bluetooth. As a specific numerical example, with seven acti

: ; e Were to reduce the number of unnecessarily exchanged control
slaves in the piconet, the Bluetooth specification results Nckets between the member nodes of a PAN and to reduce
aboutds% overheaq ratio while the proposed scheme achie fid power consumption of all active nodes. The control packets
a low overhead ratio of only aboutx. are defined to be “overhead” packets.
~ Observe that the difference between the higher and lowet; \ a5 proved in this paper that the “efficiency” (in terms
limits is quite significant, as exemplified by figure 3. This i§¢ oyerhead packets) of the proposed scheme when compared
due to the conservative approach we used in estimating {§§ne current Bluetooth specification is significantly superior.
worst-case scenarioverhead packet® the CDMA S-PAN. gpecifically, it was shown that an overhead ratio of commu-
Specifically, the ovgrhead packets for the slaves’ response&,ifsiion which may reach3% in a Bluetooth piconet with
the C'?MA S-PAN is assumed to be betyveen one papket geven active slaves could be reduced to the order of tily
slaves’ responsandar packetger slaves’ responsrr =3 iy the proposed scheme, as demonstrated in figure 2.
was used to produce thg figure). Similar conservative estimatey, addition, the power consumption of a typical Bluetooth
was used for the "polling” and "broadcast” by the mastgjiconet was shown to be several folds the power consumption
(ap = 3, andap = 3 were used to produce the figure)of an equivalent (in number of nodes and traffic pattern)
Clearly, this constitutes a large difference in estimating thgonet of the proposed scheme. Specifically, it was shown that
overhead packets. the power consumed by a Bluetooth piconet of seven active
slaves is abous.5 times (and may reach more thartimes)
the power consumed by an equivalent piconet of the proposed
scheme (see figure 3).

Number of active slaves, K

Fig. 3. Piconet energy-saving factor.

—4— Lower limit Bluetooth —#— Lower limit CDMA

REFERENCES

s [1] Saleh Al-Harthi and Ramesh Rao, “A Switch Model for Improving
Throughput and Power Fairness in Bluetooth Picondts¢ IEEE Globe-
com2003 Conferen¢cé&an Francisco, CA, USA, December 1-5, 2003.

[2] Saleh Al-Harthi and Ramesh Rao, “Scheduling with QoS Guarantees in
Half-duplex Wireless Networks: A Personal Area Network Proposal,”

2 California Institute for Telecommunications and Information Technolo-

gies, UCSD, CA. Technical Report.

Bluetooth Special Interest Group, http://www.bluetooth.com. Bluetooth

s, (%)
8

n
&

Overhead ratio

15 [3

—

0 SIG, 2002.
[4] A. C. V. Gummalla and J. O. Limb, “Wireless Medium Access Con-
s trol Protocol,” IEEE Communications Surveys, Second Quarter 2000.
. -t mamsssssgs http://www.comsoc.org/pubs/surveys. 15 pages.
N S S N S S St G N I T [5] Jaap C. Haartsen. The Bluetooth Radio Syst#RE Personal Commu-
Number of active slaves, K nications Magazing7(1):6-14, February 2000.

[6] Brent A. Miller and Chatschik BisdikianBluetooth Revealed: The
Fig. 2. The overhead ratios (lower limits of equations (2) and (3)). Note that Insider's Guide to an Open Specification for Global Wireless Commu-
the overhead ratio of the CDMA S-PAN decreasedsamcreases while the nications Prentice Hall PTR, Upper Saddle River, NJ., 2001.
overhead ration of Bluetooth increasesiisincreases. [7]1 Mobile Ad Hoc Networks (MANET) WG. Manet working group charter,
http://www.ietf.org/html.charters/manet-charter.html. IETF, 1999.

—

Joig Page 5 of 5



	Button2: 
	Button3: 


