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ABSTRACT

This paper is directed towards providing quality of service
guarantees for transmission of multimedia trac over wire-
lesslinks. The quality of service guarantees require trans-
mission of packets within prespecied deadlines. Often-
times, bursty, location dependert channel errors preclude
such deadline satisfaction leading to packet drop. Wireless
systemsneedresourceresenation to limit such deadline vio-
lation related packet drop below acceptable thresholds. The
resourceresenation dependson the scheduling policy, statis-
tical channel qualities and arrival trac. We chooseEarliest
Deadline First as the baseline scheduling policy and design
an admission control strategy which provides delay guar-
antees and limits the packet drop by regulating the num-
ber of admitted sessionsin accordancewith the long term
transmission characteristics and arrival trac of the incom-
ing sessions.We analytically quantify the stochastic packet
drop guarantees provided by the framework, and show using
simulation that the design results in low packet drop.
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1. INTRODUCTION

Third generation wireless packet networks will have to
support real-time multimedia applications. The real-time
applications need Quality of Service (QoS) guarantees from
the network. One of the most important QoS requirements
is the packet delay, which speci es the upper bound on the
delay experienced by every packet of the application. For
most of the real-time applications packets delayed beyond
certain time are not useful. Further, the trac characteris-
tics and the delay requirements of various applications are
dierent. In this heterogeneousenvironment, the challenge
is to design a methodology that allows usto decide whether
the required QoS can be guaranteed. In this paper, we focus
on designing such a methodology for a single hop wireless
packet network. Obtaining an e cien t solution to the one
hop problem is an impotent preliminary step toward solv-
ing the problem for multi-hop wireless packet networks like
ad-hoc networks.

Real time trac often assaiates a service deadline with
every packet. If the packet is not served before the dead-
line, then the corresponding information losesits utilit y, and
the packet must be dropped. It is well known that earliest
deadline rst based scheduling minimizes delay violations
and thereby minimizes packet drops[24]. However, the ac-
tual amount of this packet drop dependson the trac load,
bandwidth resourcesand the transmission conditions, and
this amount may becomeunacceptable if the trac load is
not regulated. In other words, an e cien t admission control
framework is required to ensure that sucien t amount of
resourcesare available to meet the packet drop constraints
of the admitted session. The framework will depend on the
scheduling policy, as the resource utilization is dierent for
dierent scheduling policies. We choose Earliest Deadline
First (EDF) as an appropriate scheduling strategy on ac-
count of its loss optimalit y properties, and propose an ad-
mission control framework which caters towards EDF.

Sessionsarriv e with speci ¢ deadline requirements and es-
timated channel statistics. The admission control frame-
work admits a sessiononly if the deadline requirements of
the incoming sessioncan be met with a high probabilit y.
This decision dependson the trac loads and channel char-
acteristics of the existing sessions,and also those of the in-
coming session. Thus designing such a framework will in-
volve quantifying delay of any given sessionin terms of ar-
rival processand channel characteristics of all the contend-



ing sessions.The key contribution of the paper is to provide
such a quanti cation, and thereafter presert an admission
control condition which exploits the statistical multiplexing

of trac load and channel errors of the existing sessionsso
as to reduce the overall packet drops of the admitted ses-
sionsto acceptable values. We corroborate our results using
analysis and extensive simulations.

Admission control schemeshave been studied extensively
in the wireline case[29]. However these schemes do not
counter the detrimental e ects of location dependent and
bursty channel errors. Admission control conditions need
to specically consider channel statistics while taking ad-
mission control decisions, and reserve additional resources
for guaranteeing the desired QoS in spite of channel errors.
Further location dependert channel errors imply that the
channel may be accessibleto some users but not to others
becauseof the di eren t fading characteristics, and thus ad-
mission control decisions will be dierent for dierent ses-
sions, even if the desired delay guarantees and the trac
load are the same.

The existing researd in admission cortrol in cellular net-
works focusseson resourceresenation for providing promised
QoSto the mobile usersduring hand-o s [1, 2, 3, 15, 23, 16,
26, 27, 28, 17, 7]. These schemes assume the knowledge
of resourcesto be resered to provide the desired QoS and
then obtain the good balance betweencall dropping and call
blocking via resourceresenation. In this paper, we focus on
quantifying the resources required to provide packet delay in
presence of channel errors.

Most of the prior wireless scheduling work [5, 19, 20, 21]
obtains delay guarantees for sessionsthat do not experi-
ence channel errors. In [19, 20], authors have obtained the
worst casedelay bound for the sessionswith channel errors.
However, these bounds hold only for Head of Line (HoL)
packets, in other words no bound has been provided for the
overall delay experienced by the packet. Another area ex-
tensively explored is that of fair scheduling [4, 6, 10, 12,
14, 25]. The main objective in this branch of researd has
beento distribute available resourcesfairly amongthe ows
[5, 19, 21, 22, 20], which is important for transmitting data
trac. Major concernsfor transmission of real time trac
such as deadline expiry and related packet drop have not
been addressedthough.

The main contribution of this paper can be summarized
as follow. We propose a channel statistics aware admission
control mechanism for EDF scheduler in wireless case. The
proposed mechanism guarantees delay bounds to the admit-
ted sessions with a high probability in spite of channel errors.
The deadline violation related packet drops are correspond-
ingly probabilistically upper bounded.

The paper is arranged as follows. We describe our system
model in 2. In section 3 we presert the admission control
algorithm for EDF scheduler. In section 4 we presert the
simulation results and discussion. We conclude in section 5.

2. SYSTEM MODEL

In this section we de ne our system model and specify our
assumptions. A system that we consider is shown in Figure
1. Further, we assumethat a sender node S is transmit-
ting packets to seweral receivers in its communication range
via error-prone wireless channels. The sender node has an
admission control scheme and EDF scheduler. We assume
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Figure 1. Figure shows a sender node S and its re-
ceivers R; to Rs. Sessions arriv e at the sender from
outside world and seek to transfer data to one of
the receivers. We do not preclude a possibilit y of
multiple sessions between the sender and a receiv er.
Dotted circle represen ts the transmission range of
the sender.

that the session$ arriv e at the senderdynamically and seek
admission. Each arriving sessionspeci es its required de-
lay guarantee and trac characteristics. Further, as we de-
scribe below, ead of the receivers periodically communicate
the estimates of long term channel error rate to the sender.
Using these parameters and the information about the avail-
able resources, admission control mechanism at the sender
node decideswhether the desired delay can be guaranteed?
If the required packet delay can be guaranteed in the sys-
tem, then the sessionis admitted, otherwise it is blocked.
Packets that belong to the admitted sessionsare served as
per EDF scheduling. We next describe each componert of
our system model in detail.

We assumeslotted time axis, where ead time slot is of
unit length. Every packet hasunit length. We assumeleaky
bucket constrained sessions[9], i.e. the total data arriving
from a typical session: in any duration 7 is lessthan or
equal to oy + 7pi, where o; is bucket depth and p; is a to-
ken replenishment rate. Wireless channel for a sessionis
either good or bad. In good channel state, the probabilit y
of correct reception is 1, while in bad state the probabilit y
is 0. There can be many sessionsbetween the sender and
a given receiver. We allow the possibility that dierent ses-
sions between the sender and a receiver can have di eren t
channel characteristics. This scenario arisesif di eren t cod-
ing and/or power control schemesare used for the dierent
sessions.

We note that all the receiversare in the transmission range
of the sender. Hence, eadh receiver can receive all the trans-
missions from the sender (including transmissions for other
receivers). Depending on the quality of reception, a receiver
can estimate its channel state parameters. So, we consider
a scenario where a receiver estimates its long term channel
error rate by observing the quality of receptions. We as-

LA sessionis a stream of packets pertaining to a single ap-
plication that have to be transmitted from the senderto a
speci ¢ receiver. We do not preclude a scenario, where mul-
tiple sessionsexist betweenthe senderand a certain receiver.
2pll guarantees are in a stochastic sense,i.e., a required
delay must be guaranteed with a high probabilit y. We will
omit \with high probabilit y" for brevity.



sume that receivers communicate the estimates of the long
term channel error rates to the sender periodically. Sender
usesthese estimates and the leaky bucket parameters of the
arrival processto make the admission control decisions.

The EDF sdheduler assignsa deadline to a packet as and
when it arrives. The deadline of a packet is the sum of its
arrival time and the required delay guarantee. In wireline
case,EDF sdedules packets in the increasing order of their
respective deadlines. But in wireless case,to utilize channel
bandwidth e cien tly, packets that belong to sessionswith
good channel should be scheduled. We assume a channel
state aware EDF scheduling where the packet with the ear-
liest deadline amongst those which experiencegood channels
is scheduled. The underlying assumption is that the sched-
uler knows the channel state for eac sessionin the begin-
ning of eac slot. Such knowledge may not be feasiblein real
systems. However channel state may be predicted given the
transmission feedbad in the previous slot. We incorporate
a prediction based EDF strategy in our simulations.

We describe the proposedadmission control schemein the
next section.

3. ADMISSION CONTROL

In this section we presert an admission control algorithm
for channel state aware EDF scheduler in wirelesscase. There
has been extensive work in admission control algorithm for
EDF scheduler in wireline case[11,13, 18]. Thesealgorithms
does not apply to wireless case as they do not accommo-
date channel errors. We intuitiv ely explain how channel er-
rors can be takeninto consideration while making admission
control decision. This will enablethe generalization of wire-
line admission control strategies for operation in the wireless
case.

Let us consider a case,where V' is the maximum number
of erroneousslots in a busy period, where erroneous slot is
a slot in which at least one of the sessionshave bad chan-
nel. A busy period is de ned as the maximum contiguous
time interval in which packet from at least one sessionis
waiting for transmission. As shown in Figure 2, in the du-
ration of channel errors sessionscan loose service that they
would have gotten if the channel were good. The system
has to compensate for the lost service. This compensation
causesadditional delay in the wireless system. When the
erroneousslots are bounded above by V' in any busy period,
the maximum compensation that a system needsto provide
is also bounded above by V. Hence, intuitiv ely the excess
packet delay over the delay in the system with perfect chan-
nel should be no more than the total number of erroneous
slots in a busy period. Further, a system in which chan-
nel is always good for all the sessionsis equivalent to the
wireline system. Hence packet delay for a sessionin wire-
less case should be equal to the sum of packet delay in a
wireline caseand V. We shall refer to the delay under EDF
in wireline system as WEDF-delay. Hence, if D is the re-
quired packet delay for the sessioni, then it su ces to chedk
whether D;  V can be guaranteed in the wireline system
under EDF. This obsenation will allow usto usethe admis-
sion control schemesdesignedfor wireline systemin wireless
systems. Formally we state the following result.

Pr oposition 1. Every packet of all the admitted sessions
meets its deadline if the total number of erroneous slots in
a busy period is bounded above by V. Consequently, there is
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Figure 2: Example to show that the comp ensation
tak en by one session aects the delay guaran tees
of all sessions. Arro ws pointing towards and away
from the axis represent packet arriv als and depar-
tures, resp ectiv ely. p’ indicates k" packet from "
session. Vi indicates a time slot in whic h session 1
has a bad channel. We note that the scheduling is
as per EDF. Consider two sessions 1 and 2. The de-
lay requiremen t for packets of session 1 and 2 are 3
and 2, respectiv ely. We note that these delays can
be guaran teed with the perfect channel assumption.

In (a) After Vi, pél) tak es imme diate comp ensation

and as a result p§2> exp eriences additional delay of 1
unit. In part (b), session 1 does not seek immedi-
ate comp ensation after Vi, but it tak esit eventually .
As a result packet pf) again exp eriences additional
delay of 1 unit. Hence as a result of channel error
of one unit for session 1, guaran teed delay for both

the sessions is increased by 1 unit.

no packet drop in the system.

The proof for the proposition is given in [8].

In wireless case, the channel errors are random. Hence,
the number of erroneous slots in a busy period are not
bounded in general, and thus the above proposition can
not be applied directly. Further, the length of busy pe-
riod and the number of erroneousslots in a busy period are
inter-dependen, i.e. the busy period length dependson the
number of erroneousslots in the busy period and vice versa
(refer to Figure 3). In spite of theseissues,now we will show
how the above proposition can be generalizedto accourt for
random channel errors. We observe that Proposition 1 can
be extended simply to obtain the packet drop probabilit y
Py. To illustrate the point, we x somevalue for V. The
choice of V' is not trivial and aswe will show later appropri-
ate choice of V' allows us to obtain desired balance between
sessionblocking and packet drop. Now, lets assumethat the
probabilit y of erroneous slots exceedingvalue V' in a busy
period of length Z is Py. So, from Proposition 1 it clear
that with probability Py all the deadlines will be met and
system will not have packet drop. Now, the question we
needto investigate is \Ho w to compute the drop probabilit y
P4?" For doing this, rst we investigate a relation between
the number of erroneous slots and the busy period length
Z. We note that if the erroneousslots in a busy period were
bounded by V, then the maximum length of busy period (Z)
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Figure 3: Figure demonstrates the eect of chan-
nel errors on the length of the busy periods under
EDF. Only the bottom gure experiences channel
errors, whic h lengthen its busy period duration by
7 additional time wunits (from 12to 19).

under EDF scheduling is given by the following equation.

P
i i+ V S pi < 1 (stabilit y condition), (1)
1 ZiZC pi i2c

where Cis the set of admitted sessions.The above expression
can be explained as follows from the de nition of the busy
period. The total work which arrivesin the system during
a busy period must be served during the same busy period.
Hence, Z the maximum length of a busy period satis es
Yoisc 0it piZ = Z V,whereleft hand side of the equation
is the maximum data that can arrive in duration Z and
right hand side is the minimum servicethat the sessionswill
obtain in the busy period. Thus equation 1 follows. Now,
given this busy period length, we can obtain the probabilit y
that the total number of erroneousslots will exceedthe value
V (denoted by Py), using the channel parameter estimates
obtained from the receivers. We will show the computations
in the Section 3.1. Wenote that the value of V' can be chosen
sothat Py is small.

Now, the drop probability in the system depends on the
value of V. If V is large(small) then the drop probabilit y
is small(large). But 1V can not be made arbitrarily large
in order to reduce the drop probabilit y, since increasing V'
would increase the sessionblocking. The packet delay in
wireless system is WEDF-delay plus V, and henceincreas-
ing V' would require a decreasein WEDF-delay, which can
be guaranteed only if the system has low trac load. The
quantity V' can be looked upon as additional resourcereser-
vation in anticipation of channel errors. The systemdoesnot
have any packet drop aslong asthe total erroneousslots in
a busy period are not more than the resenation V. Thus,
the choice of V is a policy decision or V' can be adjusted
dynamically so asto cater to the system requirement.

Based on the above discussion, we propose the follow-
ing admission control algorithm. The proposed admission
control algorithm guarantees the packet drop probabilit y
smaller than the acceptable packet drop probability P. The
pseudo code for the algorithm is given in Figure 4.

The proposed algorithm works as follows. Whenever a
new sessionarriv es, sendernode computes the new busy pe-
riod length Z and the probability Py that the total number
of erroneousslots will exceedthe xed value V. If the drop

7 =

Procedure Admission_Control _Algo1()
begin
Fix V
When a new session arriv es do the follo wing
Compute new busy period length Z using equation (1);
Using the channel characteristics compute the probabilit y P4 that
the total number of erroneous slots exceed value V in the busy
period of length Z;
if (P < Pg4) then
/* The probabilit y that the total number of channel errors ex-
ceeding V in a busy period of length Z (Pq4) is greater than the
required packet drop probabilit y P */
Blo ck the session;
else
Check admission control under EDF in wireline casewith D —V;
if D; — V can be guaran teed in wireline system then
Admit the session;
else
Blo ck the session;

end

Figure 4: Pseudo code of a general admission control
algorithm  for an error-prone  wireless channel

probabilit y Py is greater than the permissible value P, then
it blocks the session,otherwise it cheds if the delay D; V
can be guaranteed under WEDF. If delay Di V can be
guaranteed the sessionis accepted, otherwise it is blocked.

In the following section we discussthe analytical compu-
tation of the probabilit y Py that the total number of channel
errors in the duration Z will exceedvalue V.

3.1 Numerical Computation of Drop Proba-
bility p,

In this section we compute the probabilit y that the total
number of erroneous slots in any duration Z exceedsthe
value V (Fy). Recall that Py is an upper bound for the
packet drop probabilit y. We consider the following analyt-
ical model. We assumethat the system has admitted N
sessions. For eat session,we assumea two-state Mark o-
vian channel error model as shown in Figure 5. The two
states are good and bad. Let the transition probabilit y from
good to bad and from bad to good be « and 3, respectively
for each session. Furthermore, we assumethat the channel
state processesare independert.

The number of sessionsdor whom the channel is in the bad
state is a markov processwith state spacef0,1,..., Ng. The
transition probabilities for this Markov chain can be given
as follows.

a
1-a -
@
8

Figure 5: Figure shows two state Mark ov pro cess
for the channel state pro cess.
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Figure 6: Figure shows packet drop probabilit y for
various values of busy perio d length (Z) and param-
eter (V). The total number of activ e sessions are
assumed to be 10. Further, we assume that each
session has « = 0.001 and = 0.1
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We obsene that the de ned Markov chain is (a) nite
state space (b) aperiodic and (c) irreducible. Hence using
transition probabilities givenin equation (2) and (3), we can
compute the steady state distribution. In state 0, all the
sessionshave good channel. The drop probability Py is the
probabilit y that in Z slots Markov processvisits state zero
lessthan Z V times. This probabilit y can be obtained us-
ing computational techniques. In Figure 6 we presert some
numerical results. We note that the numerical results are
consistert with the intuition. In particular, the packet drop
probabilit y reducesas the value of V' increasesand increases
as the length of busy period increases.

In the above discussion, we have assumedthat the tran-
sition probabilities for all the sessionsare identical. If this
is not the case,the number of sessionswith a bad channel
state is not markovian. Thus the system can only be repre-
serted by an N dimensional vector, where each componert
denotes the channel state of individual sessions. Similar to
the previous case,the Mark ovian structure can be exploited
to obtain Py numerically.

The numerical computations involve calculation of steady
state distribution, which can be obtained by solving the ma-

Procedure Admission_Control _Algo2()
begin
When a new session i arriv es do the follo wing
Compute new busy period length Z using equation (1);
Obtain new value of channel errors in the busy period of length Z
(V) using V' = Z Yiecugiy it
if (V' > V) then
[* the value of channel errors if i were admitted (V') is greater
than a maxim um allowed value (V) */
Blo ck the session i;
else
Check admission control under EDF in wireline casewith D —V;
if (Di —V can be guaranteed in wireline system) then
Admit the session;
else
Blo ck the session;

end

Figure 7: Pseudo code of a general admission control
algorithm  for an error-prone  wireless channel

trix equation. This can becomecomputationally prohibitiv e.
Hence we proposea simpler approach to provide packet de-
lay in presenceof channel error using EDF scheduler in the
following subsection.

3.2 Simplistic Approach

The computationally simple alternativ e approach is based
on the following obsenation. If ¢ is a long term channel er-
ror rate for the sessioni then the number of erroneousslots
for the sessionin su cien tly long interval L is closeto L
with high probability. This obsenation follows from the
Strong Law of Large Numbers Or ergodicity property of the
Mark ovian channel error models, e.g. Gilb ert-Elliot model.
Each receiver can estimate the required long term error rate
0i from the previous transmissions of the sender, and com-
municate this estimate periodically to the sendernode.

If the maximum length of a busy period, Z is small, then
the total number of erroneous slots must be few and hence
the packet drop rate is low. We need to carefully upper
bound the total number of erroneous slots for large values
of Z. If Zis sucien tly large, then Z3",,. 4 upper bounds
the total number of erroneous slots in a busy period with
a high probabilit y. Using this computationally simple esti-
mate for the number of erroneousslots in the busy period, we
propose a new admission control algorithm, which usesthe
sameintuition asthe previous one, but di ers in computing
the estimate for the packet drop probabilit y. Recall that in
the previous algorithm (refer Figure 4), we have explicitly
computed the packet drop probability Py and then we have
ensuredthat the computed drop probabilit y is smaller than
the required value P. In this scheme, we compute the av-
erage number of erroneous slots in a busy period of length
Z based on the long term channel error rates (denoted by
V9. If the computed number of erroneous slots V° is less
than the xed value V, we assumethat the system will not
have packet drop with high probabilit y. Pseudo code for the
algorithm is given in Figure 7.

The proposed algorithm works as follows. Whenever a
new sessionarriv es, sendernode computes the new busy pe-
riod length Z and the total long term channel error rate if
the arriving sessionwere admitted. If the expected total er-
roneousslots Z 37, ,c ¢ i dj is greater than V, it blocks the
session,otherwise it chedks if the delay D; V' can be guar-
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Figure 8: Figure pro vides session blo cking perfor-
mance of EDF with perfect channel knowledge and
the prop osed predication based scheme. T denotes
the inter-arriv al time for the sessions.

anteed under WEDF. If delay D; V' can be guaranteed the
sessionis accepted, otherwise it is blocked. In the following
section we presert the simulation results.

4. SIMULATION RESULTS AND DISCUS-
SION

In this section, we evaluate the packet drop and session
blocking for the proposed admission control algorithm for
EDF schedule. We assumethat the sessionsarrive at a xed
node in a Poisson processwith rate A. An arriving session
speci es its leaky bucket parameters. We assume bucket
depth o and token replenishmert rate p to be uniformly dis-
tributed between 0-10 packets and 0-0.1 packets per unit
time, respectively. The required delay guarantee for the ses-
sion is assumedto be uniformly distributed between 5-100
time units. We model error prone wireless channel as an
ON-OFF process. The transition probabilities from good to
bad and bad to good are 0.001 and 0.1, respectively. These
channel parameters correspond to Raleigh fading channel
where the mean fade duration is 10 time slots and the chan-
nel is good for 99% of the total time [24].

We have performed simulations for two systems(a) when
the sender has perfect knowledge of channel state of each
sessionin the beginning of the slot (b) when senderpredicts
the future channel state basedon the outcome of the presert
transmission. We note that in practice it is dicult to ob-
tain the perfect knowledge of instantaneous channel state for
every sessionand hence option (b) is more suited for prac-
tical applications. In (b), we usesimple two step prediction
model, where if the current transmission is successfulthe
sender assumesthat the channel state for the sessionwill
be good in the next slots, but if the communication is not
successfulthen sender assumesthat the sessionwill have a
bad channel for the next X slots. We note that 1 is the
expected number of slots for which a sessionwill have erro-
neous channel, given that it has bad channel in the current
slot. Figures 8, 9 and 10 show the performance of the de-
signed admission control scheme for the EDF scheduler in

Packet Drop Performance of EDF with Perfect Channel Knowledge
0.01 T T

0008 I 4 T=200 —— 1

Packet Drop (%)

System Parameter (V)

Figure 9: Figure provides packet drop performance
of EDF when the scheduler has the perfect knowl-
edge of channel state for every session before packet
transmission.

Table 1: The table investigates the reduction in
packet drop brough t about by additional resource
reserv ation. The chosen channel parameters are o=
0.03 and g = 0.1, and the EDF scheduler has instan-
taneous knowledge of channel state before packet
transmission

Packet Drop with | Packet Drop without
resource resenation | resource resenation
(V= 20) (%) (%)

200 | 0.039999 0.220106

250 | 0.037671 0.206806

300 | 0.035112 0.166328

wireless system.

We note that the sessionblocking curveis cup-shaped (see
Figure 8). For small values of V, the system reserves less
resourcesfor compensating for channel errors, and hencecan
only accommodate a few sessionswith low long term channel
error rate (otherwise Z3 . 4 0j exceedsV). Further,
when V is high the sessionblocking is high again as the
guaranteed delay is the sum of the WEDF delay and V, and
hencethe former must be small soasto compensate for the
large value of the latter. The WEDF delay is small only if
a few sessionsare admitted.

The packet drop performance is intuitiv e. When the value
of V' is small the packet drop is higher and the packet drop
goesto zero as V becomeslarge. We note that the overall
packet drop performance of the system is better than the
calculated packet drop probabilit y (see Figures 9 and 10).
This is becausethe numerical computations do not accourt
for the service given to other sessionswhen one sessionhas
a bad channel, and henceonly upper bound the packet drop
rate.

Tables1 and 2 demonstrate that the packet drop can be sub-
stantially reduced by reserving additional resources. We ex-
amine the drop performancesof two schemes: (a) the scheme



Table 2: Comparison of packet drop performances
with and without resource reserv ation for the pre-
diction based EDF scheduling.

T | Packet Drop with | Packet Drop without
resource resenation | resource resenation
(V = 20) (%) (%)

200 | 0.252755 0.967706

250 | 0.230513 0.824213

300 | 0.178824 0.537767

Packet Drop Performance of EDF with Channel Predication Scheme
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Figure 10:

Figure
mance of EDF with the prop osed two-step predic-
tion scheme.

provides packet drop perfor-

we proposewhich reserves additional resourcesfor compen-
sating for channel errors (V' = 20), and (b) another scheme
which doesnot reserve any resourcesand admits sessionsas
long asthe WEDF delay is lessthan the required guarantee,
disabling the veri cation of other admission control criteria.
The latter has substantially higher packet drop.

5. CONCLUSIONS AND FUTURE WORK

In this paper, we have proposedconnection admission con-
trol algorithms to provide stochastic delay guaranteesin a
single hop wirelessnetwork. EDF is usedasa baselinesched-
uler. We have argued that the wireline admission control so-
lutions are not suitable for the wireless caseas they do not
take into consideration the channel errors which can result
in high packet drop on accournt of deadline expiry. In the
proposed approach, we consider channel characteristics of
the sessionswhile taking admission control decisions. As a
result, we can provide the delay guaranteeswith the desired
packet drop probability. The guarantees can be provided
only if the EDF scheduler usesinstantaneous channel states
in the scheduling decision mechanism. The channel statesin
the previous slots can be usedto predict the instantaneous
channel states if the latter is not known. The analytical
guarantees do not hold in this case, but extensive simula-
tion results indicate low packet drop.

The proposedadmission control algorithms assumeEDF
as a baseline scheduler. We are currently looking at admis-
sion control schemes for other important scheduling disci-
plines like fair queueing disciplines. Further, in this paper

we have only been able to upper-bound the overall packet
drop probabilit y. No bound for the packet drop of individ-
ual sessionsis obtained. It is ertirely possiblethat excessie
channel errors of one sessiondeteriorate the packet drop rate
of other sessions.A framework which guarantees individual
packet drop rates is a topic for future researd. Also, it
has been assumed throughout that the sender receives in-
stantaneous feedbad after every transmission. We plan to
investigate the e ects of delayed feedbads.
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