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Abstract

Traditional approaches o guarantee guality of service
(Oa8) work well only with predictable channel and nei-
work access. In wireless mobile retworks, where condilions
dynamically change as nodes move aboul the network, a
slaleless approach is required. As wireless networks be-
come more widely used, there is a growing need 1o sup-
part advanced services, such ar multimedia streaming and
voice over [P Since shared wireless resources are easily
over-ulilized, the load in the network must be controlled
50 thal an accepiable QoS for real-time applications can
be maintained. If minimum real-time requirements are ao
mel, these data packels waste bandwidth and hinder other
traffic, compounding the problem. To address this issue, we
propase the Perceptive Admission Control (PAC) protocol
PAC monitors the wireless channel and dyvnamically adapis
admission conirel decizsions lo enable high network uliliza-
tion while preventing congestion. Through discuszion and
simulaiions, we show that PAC achieves this goal and en-
sures low losy and delay for all admitted flows.

1. Introduction

Wircless devioes are becoming prevakent becawse of Lheir
abhility Lo prowide maobilec communicalion. Since miany Com-
man applications, including voice and muolimedia, reguine
low packet loss and delay, guality of service (o8] is be-
coming an imporiant reguirement for these nelworks. In
contrast o raditional wired networks, mobile networks op-
cralc under harsh conditions thal include mobilily, a shared
wircless channel and limiled bandwidth. Traditional al-
icmpls o provide guaranleed QoS are unable © cope wilh
the constantly changing nelwork conditions. Mecling hard
real-time (0% constraints in wirckesss mobile networks is
unrcalistic because of node mobility and shared medium ac-
cess. Instead, solutions thal provide a staleless service and
offer beller than best-ciTort packel delivery [or high prior-
ily packels are more successiul, such as IDilTSery and IEEE
H02_11e. Unfortunalely, these solulions sall fail o provide
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the low loss and delay thal real-lime apphcations require if
the nelwork becomes congesled.

High guality of service wilthoul fully coordinaled chan-
nel and nelwork access 15 achievable. The wircless chan-
nel must be kepd [rom reaching the congestion poinl, since
loss and delay increase rapidly once this point is reached.
Muainlaining the ollization below the congestion poinl s
dillicull becanse the chanmel is shared between nodes that
may nol be able o communicale directly; therelore, nodes
nced o passively delermine the nelwork ulilization. Once
the amount of available bandwidth is delermined, nodes can
then adapl their data traflic Lo keep the channel from becom-
ing congesied.

We propose the Percoptive Admission Control (PAC)
prodocol o control the amownt of traflfic in the network and
provide high quality service (o all admitled rafc. PAC en-
surcs Lhe nelwork congestion poinl is nod reached through
the requiremenl of call admission for all mew Bows. To make
an admission decision, PAC considers nol only the limited
arca wilhin a sender’s ransmission range, bul the cnlire arca
thal a new Now may impacl. We show Lhal the time thal the
wircless channel is sensed as busy is a good cstimalor of
available bandwidih. Using this measure, PAC performs ad-
miission conlral lor nes Nows W avoid congestion. We begin
our discussion by [ocusing on single hop admission control.
We then describe how w casily extend PAC for multibop
paths.

The rest of this paper is organiaed as [ollows. Seclion 2
provides background on wircless ransmissions, including
medhdads for determining the available bandwidih and preyi-
ous approaches [or providing high packel delivery and lowr
delay in wireless networks. In Section 3 we describe PAC,
our approach for admission control. In Section 4 we demon-
sirale the performance of PAC in simulation and describe
by 1L avioids the shoricomings of previouws approaches. Fi-
nally, Section 5 concludes Lhe paper.

L. Background

To perform admission controd in wircless networks il is
important W understand hiw 8 wircless ransmission im-
pacls other nodes. In Seclion 2.1 we describe the imporiant
distances (or packet ransmission and recepltion. Since ad-
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Figure 1. Approximation of reception range (RxR) and canrier
nodes within carner sensing range.
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Figure 2. The receiver imterference distance (RID) is the dis-
tance between a receiver (A) and ancther sender (X, swuch that
the receiver can successhully receive 5's packets and X can si-
multane-owshy send a packet to another recenser.

mizsion conlrl decisions depend on accurale estimation of
the available bandwidth, we examine several methods [or
calculating the available bandwidth in Section 2.2, In Sec-
tion 2.3 we caleporze relaled work and discuss why most
proposcd solulions are insaflicienl. In Section 2.4 we de-
scribe the solulion most closely related o our proposed ap-
proach.

2.1. Impacted Area

For admission conlrol purposes, Lthere are multiple no-
lablc ranges [or wircless communication. Each distance is
important for the measuring channel wlilizaton and predicl-
ing the available bandwidth. Al a shorl range, we assume
that nodies are capable of direct communication. We refer o
the maximum scparation between a sender and receiver [or
successiul packel reception as RxR, as shown in Figure 1.
Modes within BxE of a particular scnder are considered s
neighbors (M)

Modes that are within camier sensing range of a sender
can sense packel ransmissions. The nodes inside a sender's
carrier sensing range are called camier sensing neigh-
bors (CSM). These nodes delect a transmission bul may nol
bhe able o decode the packel. The maximum distance thal
a node can delecl an ongoing packel lransmission (carmicr
signal) is called the carmier sensing range (CSR). This range
15 Wypically much larger than the receplion range. In wircless
MAC protocols based on CSMA, such as IEEE 80211, all
5N of the sender arc unable o iniliale a packel lransmis-
sion while the sender is transmilting becanse they sensc the
channe] 15 busy. In CSMA nelworks, a large CSE prevenis
mulliple lransmissions [rom simullancously occuming close
tegether and helps avoid interference al receivers. In con-
trasl, a smaller CSE allowas for more spatial reese, though
mare collisions and inlerference may oocur.

When a camrier signal is sensced by a receiver, packel re-
ceplion rom another sender may nol impacted. For comect
packel receplion, the arca summounding 8 receiver musl be
free of multiple inlerfering transmissions. 1 another node
transmils a packel close W the receiver il may interfere wilh

an ongoing packed receplion, even il the two semders are
oulside cach olthers camier senging range. To quantily this
elfect we deline the receiver inlerference distance (RITY) as
the distance belween a recciver and another sender, such
thal this receiver’s ability 1o decode a packel [rom its sender
is nol alfecled. For example, in Figare 2 il node X is oul-
side node K's RIDY, node X can transmil al the same lime as
node 5 withouwl aflfecting packels received by mode R from
node 5. I node X is inside node R's RID and transmits al
the same ime as node 5, node B is unable o successiully
receive packels rom node 5. In bolth cases, node X is nol
prohibited rom transmilling because node % is oulside s
CAITICT ScNsing range; il cannol scnsc an ongoing lransmis-
sion belween nodes 5 and B The exact sive of the RID de-
pends on many [aciors, incleding lransmission power, min-
imum receplion power, propagation model and hardware
caplure abilitics. Mole that C5R {dashed line) is larger than
RIDD {dotied line) and RITY is larger than BxR (solid linc), as
shiwamn in Figure 2. These line styles will be used throughout
the paper o dendle the dilTerenl ranges.

For two simullaneous ransmissions ransmitled o be
successiully received by differcnl receivers, the ransmis-
sions (and nodes) muost be separaled in space. The dis-
lance between two senders o ensure proper packel recep-
tion al a receiver is el + RID. This distance holds For
all possible nelwork scenanos. Al any distance smaller than
RxR + RID, il is possible thal the ransmissions of two
senders will inlerfere with a receivers abilily Lo properly de-
code a packel IT the distance is larper than x4 BRI T by
dedinition, the receiver and anolher sender canmol be closer
than BRI

These communication distances are [or networks where
all nodes use omnidirectional antennas and lransmit pack-
cls wilth the same transmission power on the same channel.
Further we assume thal there are no obstacles and only sim-
ple fading occurs. We plan on exploning relaxation of these
conditions as Mulure work.
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Figure 3. Spacing requirement for simultansows transmis-
sions in wireless networks that utilize acknowledgments. Since
the sender’s RID and receiver’s CSR are not important to the n-
terference calculaion, they are not shown

2.1.1. MAC Layer Acknowledgmenits

Acknowledgments (ACKSs) are used in many MAC pro-
ez, such as IEEE 802,11, o immediately inform the
sender that sucoessiul receplion has occurred. I an ACK
15 nol received the sender will retransmil the packel 8 max-
imum number of imes. The Dala-ACK mechanism is used
i combal packel loss al the MAC layer due Lo collisions and
crrows introduced by the wireless channel. Generally carricer
sensing 15 nol performed by the receiver prior o sending
an ACK. This is because carmier sensing might silence a re-
ceiver, upon successiul dala receplion, and therelore reguine
the sender o retransmil the packel. This in lom wouald wasle
wircless resources and power and increase delay.

When receivers do nol perfomm carmier sensing prior o
sending an ACK afler successful dala receplion, the me-
ceivers musl also be separaled by RID. In this type of
network, the scparale seis of data and ACK ransmissions
should mol overlap. Il they do overlap, the dala transmis-
sions and ACKSs will cause collisions. These collisions waill
resull in wnsuccessiul packel receplion.

Criven that the two receivers are separaled by RID and
cach sender-receiver pair is scparaled by BxK. the dislance
between wo senders for successiul simuliancous ransmis-
SIOMS 15

2+ ReR 4+ RID (n

A network lopoloay illustrating this distance is shown in
Figure 3. In this siluation, il the two senders are closer than
2+ Refil + RID, communication will sulfer since Lthe data
and ACK pairs will collide il the transmissions overlap in
limi.

2.1, Determining the Avallable Bandwidth

The goal of our work is o allow nodes o depend on
their estimation of the available bandwidth 1o make cor-
rect admission contred decisions. In this scclion we cxam-
ine several methods o determine the available bandwidth.
The mosl commdn way o calculate the available bandwidth
( Bopai) is 1o measure the nebtwork ulilization (U). Given the
network utilization and the maximom bandwidth (Bmaz),
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the available bandwidlh is estimaled w=ing the following
couation [11]:

I}nﬂﬂ'={1—U:|#Hm-u1 (2}
where ) < U7 < 1. There are many lechnigues o measure
the network utilization. Some metrics of network wlilizalion
are:

o MAC Layer Congestion Window
o Cucue Lenglh

& MNumber of Collisions

& Delay

& Channcl Busy Time

The firsl three methods provide litte or no informalion re-
garding nedwork ulilization il a node is nol aclively rans-
milling packels. Por example, a collision only occurs il a
packel fails o send. IF a node does nol send any packels, il
cannol determine the current stale of the channel. The same
holds troe for the MAC layer congestion window and the
gueue length. Since these lechnigoees are nol adegquale for
determining Lthe available bandwidlh, we explore the wo
remaining technigues, delay and channel busy time, in more
dietail.

Both delay and channel busy lime can be used o deler-
mine the cumrenl bandwidih wsage: hwever, channel busy
time has several advantages. These include no additional
overhead, no measurement gaps amnd adaplable measure-
menl range. The simulation resulls comparing these bwo
lechnigues are omilted doe W space limilations; see |2] for
additional detail.

Channel busy time is a direct measure of the channe] wti-
lization. In wircless nelworks, camier sensing enables nodes
Lo delect three stales; ransmilling, receiving and basy. 17
the nosde detects a carrier signal il senscs thal the channel is
busy, bul it is only able 0 decode the packel conlents il il
is within ExE. By measuring the amount of ime the chan-
nel is sensed busy (CF), sending (TX) or receiving (RX). a
node can measure nol only transmissions thal occur wilhin
ils recepdion range, bul also those within ils carmer sens-
ing range. Using Lhis melnic, more ransmissions resull in
a busier channcl. We define the busy Gme 0 be the bolal
time wilhin an inlerval thal a node is ransmilling packels,
receiving packels or sensing packed ransmissions.

With any measurement lechnigue il is common thal in-
slanlancous valucs vary, somclimes widely. For our ap-
proach we atilize an cqually weighled sliding window Lo ob-
Lain the wireless ulilization. Through esting, we delermined
a window sixzc thal was large cnough 10 make an accurale
cslimate and small cnough o guickly adjust 1o changing
tralMic conditions. An allernate weighling wechnigue, such as
a weighled average Lhal avors recenl measuremenls, may
provide a beller estimation of the wlilization and available
handwidih.
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