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ABSTRACT

We propose a hybrid admission control mechanism in
wirdess IP access network, which integrates different
demands from different traffic types. on a call level basis
(for A1 and A2 traffic, applied to CBR and VBR real time
applications) and on a packet level basis (for A3 traffic,
given as best effort with minimum QoS guarantees).
Packets from B class (best effort) are always admitted in
the wireless network, but with lowest priority. Hybrid
Admission Control algorithm (HAC) minimizes new call
blocking probability under given initial conditionsfor call
dropping probability (for Al/A2 traffic) and average
packet delay of A3 traffic. For the evaluation of the
experiments we create an analytical framework and
perform simulation experiments. The results show the
advantages of the proposed algorithm in a multi-class
environment. However, bounded average packet delay is
accomplished by increasing call blocking probability of
Al and A2 traffic.

1 INTRODUCTION

Wireless IP networks should provide different multimedia
services via transparent communication between the
mobile termina and wired network. Our main task is QoS
provisioning for different applications: voice, video,
audio, interactive multimedia and data. For that purpose
one needs appropriate classfication of the traffic into
classes. In our previous work [8], we have proposed
classification of IP traffic in two main traffic classes. class
A (for applications with specified QoS guarantees) and
class B (without any QoS guarantees). Due to diversity of
the applications and their different QoS demands, we
further divide the class A into three subclasses: Al, for
Congant Bit Rate (CBR) applications, A2, for Variable
Bit Rate (VBR) applications, and A3, for Best Effort
gpplications with minimum service guarantees (we will
denote it asBEmin).

Cal admisson control in the first and second
generation of commercid mobile networks is considered
on a cdl leve base [1] [5]. In [5] the authors anayze
adgorithms for minimization of new cal blocking
probability under given congraint on the call dropping
probability as well as agorithm for minimization of both
probabilities and network resources planning. Also, call-
level QoS parameters are usualy found in admission

control in the case of a network with multiple traffic
classes [4] [6]. Authors of [6] consider admission control
in a network with multiple traffic classes, where traffic is
classified into narrow-band cals and cals with higher
bandwidth demands. There, the authors propose adaptive
digtributed QoS admission control over all neighboring
cells. In al these gpproaches are used channe reservations
in the wirdess link for handover calls (guard channels),
because blocking of a handover cal is more sensitive to
the users compared to the new call blocking. On the other
hand, [2] and [3] propose strategy for admission control in
multimedia mobile networks with variable resource
reservation for handover cals. But, in al strategies for
admission control in wireless networks the problems are
considered only on one level, either a call level or a packet
level, for both cases, with one or multiple traffic classes.

2 SYSTEM MODEL

Let first consder QoS support on a cal level. As usual,
we assume that more sensitive to the users is dropping of
an aready established cal. Using this assumption one can
conclude that call dropping probability should be lower
than new cal blocking probability.

Different A class connections may demand different
bandwidth shares. We group the traffic into mini-classes,
based on the amount of bandwidth that is demanded by
applications. So, a mini-class is consisted of al flows that
belong to the same traffic class or subclass and have equal
bandwidth demands per cal. Traffic class B is compatible
with today's best-effort traffic in Internet. We propose
unconditional acceptance of B-calls ether new or
handover, independently of the bandwidth occupied by A
flows. Packets of B class flows should be sent to the
wireless link only when there will be no A packets in the
gueue. Both, A3 packets and B packets are served in
FCFS manner. But, A3 packets have priority compared to
all B packets. Actualy, A3 traffic is targeted to non-real
time applications. However, most of these applications are
interactive and they do have demands considering the
packet delay. Therefore, one should consider A3 packet's
delay as a QoS parameter. The question is how to
combine different QoS demands in the admission control
algorithm.



Resource reservation depends on wireless access
technology in the network (FDMA, TDMA, CDMA eic).
But, here we refer to the admission problem in genera
and we are not going to enforce some specific access
technology. We only consider the conditions that should
be met by the wireless medium.

3 HYBRID ADMISSION CONTROL

Wireless IP networks ae assumed to provide
heterogeneous multimedia services with different QoS
demands. The traffic is hybrid. The admission control
should be hybrid, too. Therefore, here we define an
admission control agorithm named HAC (Hybrid
Admission Control).
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new call handover

new call or handover

call rejected

Figure 1: Hybrid Admission Control schemein wireless
IP networks with multiple traffic classes

Let assume that the number of available logical
channels in a given cdl is N. One logicd channel
corresponds to the minimum bandwidth that one can
dlocate to an Al or A2 cal (e.g. one logical channel can
be a single TDMA time dlot, but also it can be 1/3 time
dots or 2 time slots etc.). We denote with b; the number of
logicd channels which are demanded by a flow from
mini-class i (i=1,2,...,N). Throughout the text A is used to
denote the A-threshold of a mini-classi. The basic scheme
of the agorithmis shown in Figure 1.

In the HAC agorithm we give traditional priority to
handovers over the new cdls. At this point we will
assume that handover cadls are dways accepted if there
are enough free non-reserved resources in the cell (it will
deteriorate a little when we will include into HAC the
average packet dday of A3 packets). A new cal from
mini-class i is accepted only if the sum of reserved
resources in the cell and demanded bandwidth by that cal
is lower than A;. In Figure 1, m; denotes the number of

admitted flows from mini-class i. A handover request of
mini-class i is accepted in the target cell if the sum of
occupied or reserved bandwidth by the other active traffic
flows in the cell and requested bandwidth for that cdl is
lower or equd to min(C, L;), where C and L; are wireless
link capacity and AL/A2 alowed bandwidth, respectively.

The input QoS parameters in the HAC are cal
dropping probability of A1/A2 traffic and average packet
delay of A3 traffic. With given initial input, the agorithm
minimizes new cal blocking probability for A1 and A2
flows. So far, we assumed different thresholds for every
mini-class. However, there is possibility to declare a
single threshold for all of them. The last one requires less
computation processing in network nodes, but decreases
bandwidth utilization of the wirdesslink.

4 ANALYTICAL ANALYSIS

We assume that A1 and A2 calls are arriving according to
the Poisson process with given average arrival rate A; for
mini-class i, and average call duration distributed by
exponential law with mean 1/z4;. Average channd holding
time is assumed to be exponentialy distributed with mean
1/thi. Then, one can calculate the probability that an
established cal in a cell will make a handover by using
the following equation:
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The probability that a call will end in the current cdl is
calculated as 1-Py,;. Average time that is spent by a call of
mini-classi in asingle cel can be calculated according to:

T = ; @

M Uy

Further, in this analysis we will also use the assumption
for equilibrium between incoming and outgoing
handoversin agiven cell.

Using the given traffic model for a single call one can
derive the probability for call dropping probability of
mini-classi by using the following relation:

P, => R (A-Py,) Pay )
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From (3), with some algebra, we get:
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For the purpose of traffic modding on a cell leve we
use the Markov model, where each state in the model is
defined by number of active cals in each mini-class. We
denote new cal intensity with A;, serving intensity with g,



handover intensity with h;, number of requested channels
per cal per traffic mini-class with ¢, and number of
occupied logical channels by mini-classi with n;.

To define an optima threshold per mini-class, which
will not be necessarily an integer number (asit is the case
in [5] and their IGP- Integral Guard Channd policy), we
use a principle of a partid fractional guard policy. Our
target is to provide general optima thresholds (e.g. the
threshold may be 86.77 logical channels, it should not be
necessarily rounded to an integer value 86 or 87). The
probability for admission of new calls from mini-classi is
denoted as A;, where A,(J[0,1). When number of occupied

logica channds in the cell isj>\_A| /Ic J then al new

cals are rejected from the network. In such case we have
network congestion. One can queue all incoming calls, but
that approach israrely used in wire ess networks.

Fractional guard policy, which is aso defined and
analyzed for the traditional case with one traffic class in
[5], is more genera than IGP. One can extend such
gpproach to multimedia environment. Then, the new cal
intensity is given by:
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where A,; and Ap; are new and handover cal intensities of
mini-class i, respectively, and ﬁ:Aj/Ci-LA /Cij
fract(Ai/c) is fractiond part of the threshold A;. Cal
termination rate is given by:

a4 () = (g + iyy) (6)

where 1/g4; and U, are average time interva between
two consecutive cal terminations and average time
between two consecutive handovers of mini-class i,
respectively; and 1/(t4i+ihi) is average cell residence
time.

Further, one can extend the analytica framework to
more then two classes. In the case with multiple traffic
classes in wireless network one can define the probability
that n logical channels in the cell are occupied by using
the relation:
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from mini-class 1, n, flows from mini-class 2, ..., ny flows
from mini-class k. Then, one can calculate the new cal
blocking probability of i-th mini class:

3 P.(n) ®

n=A-b+1

where C is bandwidth of the wirdess link; b; is demanded
bandwidth per connection from i-th mini-class (if nhumber
of allocated time slots per acdl isc;, then bi=c).

Handover blocking probability of A cals can be
calculated by:

Fh| - Z PA(n) ©)
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If we apply Markov diagrams in wireless network
with multiple traffic classes and higher capacity per cell
(as it is expected), then one will get a huge system of
equations to solve (there may be several hundreds up to
thousands of equations). This is time consuming and
processng demanding. To avoid solving the
multidimensiond Markov diagram mode, it is usualy
practiced to split K-dimensiona Markov diagram into K
one-dimensiona Markov chains [6]. Common Markov
chain modd is shown in Figure 2, i=1,...,K, where K is the

number of mini-classes.
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Figure 2: One-dimensiona Markov chain for awireless
link with multiple traffic classes

From Figure 2 one can calculate the optima threshold
of mini-class i as Si+/4, where the integer pat S is
calculated by:

S, =| — = — (10)

where ¢m, j=1,...K, is average number of &llocated
resources per mini-class. Then, new call blocking and call
dropping probabilities can be calculated asfollows:
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One can calculate the total incoming call intensity in
the cell, denoted as A\;, by using the following relation:

N =AQ-Py)+ A, (- Px) (13)

where A; is intensity of the cals accepted in a cdl.
Handover intensity from a cell to its adjacent cdlsis given

by:

A =PA =R[AQ-F) + A, L-P;)] (14

where P; is the probability that a given call will perform a
handover before it will terminate. From (14) one cannot
directly determine new cal blocking probability and
handover blocking probability. For that purpose, we
should use iterétive caculations, where initial vaues for
Ps;j and Pr,; are set to zero. Then, one does iterations until
both probabilities converge.
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Figure 3: A3 packets servicing

So far, we have analyzed QoS parameters of A1 and
A2 subclasses, while not referring to the A3 traffic at al.
But, athough A3 flows have lower priority compared to
Al and A2 traffic, A3 average packet delay cannot be
analyzed separately. Simply, it is a consequence of the
fact tha A3 flows use the remaining resources after
servicing Al and A2 flows. For the simplicity of the
anaysis one may assume that A3 packets are arriving at
wireless link buffers by a Poisson law, athough it is not
exactly the case. One can use buffering of A3 packets in
base stations according to the FCFS scheme, so packets
that first enter into the wirdess link buffer first are
transmitted. Total A3 packet delay is a sum of waiting
time in the buffer and transmitting time over the wireless
link. According to the discussion above, one can model
A3 traffic in the base dtation as a queue with varying
service rate. The service rate can be anything between 0
and cell capacity C. Admission control algorithm is used

to adlocate gspecific number of logica channes
(bandwidth) for each call.

To avoid infinite delays during high network loads,
one reserves a part of the bandwidth only for A3 traffic.
Basically, it should be smaler part of the wireess link
resources, which is dependent upon prediction of traffic
load per class in the network. For that purpose, we
introduce another threshold Las,, Which defines maximum
capecity alowed to A1 and A2 connections. Then, C-Las,
is bandwidth reserved only for A3 traffic.

Let E[D;] denote average packet dday of A3 packets
at the base station when there are i logica channels
occupied by Al and A2 flows. Then, one can caculate
average packet delay by using the following:

LA12
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To saisfy grade of service, given a the network
dimensioning process, we need to determine optimal A-
thresholds in the HAC agorithm for the admission control
in the wirel ess network.

The thresholds are initiadly set at the network design
phase and laer they are evaluated by using rea traffic
measurements. However, in both cases stated above, we
need an agorithm to determine the optimal A-thresholds
under given congtraints on cal dropping probabilities of
A1l and A2 classes, and average packet delay of A3. Such
algorithm should lead to minimization of new cal
blocking probability while satisfying previous two
congraints.

5 OPTIMAL THRESHOLDS
Now, we determine the optimal A-thresholds by
minimizing the new call blocking probability. The man
problem arises from various bandwidth demands of
different traffic subclasses and mini-classes within them.

Let briefly discuss the dependence of thresholds upon
given QoS parameters of A-traffic. We first consider
single class network scenario. If there is only one mini-
class in the network, then moving the threshold up causes
increase of cal dropping probability and decrease of new
cal blocking probability, and the opposite way. The
behavior of average packet delay of A3 traffic is expected
to be smilar to the one of the call dropping probability.
But, it is not always the case, because it aso depends on
new call and handover intensities in the network. In
multiclass wirdess network one can determine one
threshold or multiple thresholds. With only one A-
threshold, one can solve the problem of finding an optimal
one by a binary search. However, the problem becomes
more complex when there is more then single A-
threshold.

Here we propose a procedure for finding multiple
optima thresholds under given traffic classfication. The
steps of the procedure are outlined as follows:



1. Set cdl dropping probability Pr; and new cdl
blocking probability Pg; for each mini-classi to their
given maximum; Also, set average packet delay of
A3 traffic to the given maximum E[D]

2. Cdculae the optima threshold of mini-class i when
al other thresholds are set to their maximum by using

binary search agorithm: A=C (\_C/ij cdls) for

j#i; Use the obtained threshold in the rest of this
agorithm as initid values for the optimal thresholds
search; Repeat this step for each mini-class i; Here,
let denote with Pggi the new cdl blocking
probability of mini-classi at optimd A -threshold

3. Repeat steps 4, 5 and 6 for al combinaions of
resource allocation per mini-class

4. Cadculae Pgj, Pr; (using finite number of iterations)
for Al and A2 traffic, and E[D] for A3 traffic

5. If given conditions for the QoS parameters are
satisfied i.e Pri<Prmaxi and E[D]<E[D]max, then if
Pgi<Paoi then Pgi=Pgqy,

6. If {Psi > Pgitvesola @d ( Pr > Pritreshoa OF E[D] >
E[D]max) } thengoto step 7.

7. ltisnot possible to determine an optimal A-threshold,
then it means that there are not enough resources in
the wireless network for the given traffic demands or
initial constraints are too grict for at least one QoS
parameter.

Exact determination of optimal thresholds needs solving
of K-dimensiona Markov chain moded, a process that
requires huge cdculations. One will not want to perform
this processing in red time at the base station, due to
limited processing power of the base station and its muilti-
functionality in a wireless IP network. However, traffic
intensity is not uniformly distributed during the day.
Operators should determine the update rate by using
traffic measurements. Each base station is supposed to
have information of the status of each subscriber, which
resdes within its coverage area. Such information is
necessary for the admission control of A1 and A2 cals,
e.g. for paging purposes at the call initiation. On the other
hand, wired nodes in the network do not need to have
information on a per flow base. For them, it is enough to
have information per class/subclass. Wired nodes perform
differentiation of the packets according to ther
classification (routing and location management in
wireless |P networks are discussed in [9]).

6 SIMULATION ANALYSIS

Here, we present performances analysis of the hybrid
admission control in a multiclass environment in wireless
IP networks. In these experiments we observe the
following QoS parameters. new call blocking probability
and call dropping probability of A1 and A2 subclasses,
and average packet dday of A3. First, we perform
anaysis of A3 packet delay for different values of A-
threshold. In this experiment we use single threshold for
new calls of A1 and A2 subclasses. It is assumed that the
base station allocates a single logical channel per cdl, and

it is not changed during the connection duration. The
following input settings are used in the experiment: cell
size is set to 1 km; average velocity of the users is 50
km/h; bit rate of the wirdless link is 2 Mbit/s (this valueis
arbitrarily chosen); A3 packets are arriving with the rate
30 packets/sec with average packet length 1000 bytes,
exponentialy distributed. We set new cdl rae to 3
callg'sec. The average number of users per cdl is 1000,
while average call duration is set to 100 seconds. In the
following experiments we reserve one logica channe for
A3 traffic only. The capacity of a cell is set to C=100
logical channels.
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Figure 4: Average packet delay for A3

We analyze A3 packet dday versus A3 packet
intensity for different number of reserved logical channels
for handover cdls of A1 and A2. The results are shown in
Figure 4. We conclude that average delay of A3 packetsis
higher at higher intensity of new cals, because higher
traffic load occupies more of the bandwidth resources and
leaves less bandwidth for servicing the A3 traffic. By
increasing the number of reserved channels for A1 and A2
handovers we notice decreasing of average A3 packet
delay. Main reason for this is the smaler number of
admitted connections in the access network when we have
more reserved bandwidth for handovers. It is a
consequence of higher number of reected new cals at
lower A-thresholds. But, a the same time it means more
channdsfor serving A3 traffic.

Next, we show the QoS parameters behavior in
wireless network with multiple classes. For the
presentation purposes we consider network analysis for
two scenarios. first with two mini classes and then with
three mini classes. In the scenario with two mini-classes,
average number of arrival cdls is set to 0,1 calg/sec,
average call duration is 250 seconds, while average cell
residence time for an ongoing call is 100 seconds. One
can calculate that there should be 2.5 handovers per cal of
each mini-class. The only difference between the two
scenarios is the number of dlocated logical channels per
cal: ¢;=1 channd/cal, c,=2 channd/call. For the first
mini-class we alocate one logical channel per call, while
two logical channels are alocated per call for the second
mini-class.
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Figure 5: New call blocking probability as afunction of
the A-threshold (a scenario with two mini classes)
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Figure 6: Call dropping probability for a scenario with
two mini-classes

Here, we change A-threshold simultaneoudy for both
mini classes. The results from simulation runs are shown
in Figures 5 and 6. One can notice that both mini classes
have similar behavior considering new call blocking and
cal dropping probabilities. However, the blocking
probabilities are higher for the second one. Thisis aresult
of the fact that cals from the second mini class, when
compared to calls from the first mini-class, require more
logica channes per cal. So, cdls of the second mini-
class cause larger segmentation of the wireless link
bandwidth and lead to lower bandwidth utilization and
higher call losses, either new or handover cals.

For the scenario with three mini-classes we use the
following input datac new cal intensities are A4,=0,15
calls/sec, A,=0,05 cals/sec, A:=0,01 callg/sec; average cal
durations are 1/£4=100 sec; 1/1£,=250 sec, 1/145=500 sec;
average cell residence intervas are 1/h;=50 se, 1/h,=50
sec, 1/h3=200 sec; while dlocated bandwidth shares are
c;=1 channel/cdl, c,=2 channel/cdl, c;=5 channel/call.
With am to anayze different admission control
conditions in wirdess IP networks, we choose to restrict
bandwidth reservaion for handovers of the third mini
class, i.e itsthreshold isfixed at the cell capacity C.
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Figure 7: New call blocking probability for a scenario
with three mini classes
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Figure 8: Call dropping probability for a scenario with
three mini-classes

The other two mini classes have a same varying threshold.
The obtained results are given in Figures 7 and 8. Using
these results, one can notice that increase of the threshold
of the firgt two mini classes results in decrease of new call
blocking probability of A1 and A2 subclasses and increase
of forced cdl termination probability. Unlike the first two
mini classes, one notices increase of al QoS parameters
for the third mini class. One can explain this behavior by
the fact that network accepts more new connections by
increase of the threshold of the first two. However, this
results in less available bandwidth for new calls as well as
handovers of the third mini class.

Further, we can continue with analysis by adding
more and more traffic classes. But, it is not necessary
because we have aready observed possible situations
through the above examples and the results are clearly
showing the advantages of a hybrid admission control in
wireless |P networks with heterogeneous traffic.

7 CONCLUSIONS

We analyzed admission control with QoS support in
wireless |P networks with multiple traffic classes. In such
heterogeneous environment, network needs suitable



admission control. Different traffic types have different
QoS constraints. For instance, red time services have
higher QoS demands and they need particular guarantees
on the alocated bandwidth during the connection. On the
other hand, non-real time services and agpplications are
more flexible to the QoS support.

For the adaptation of various QoS requirements in the
network, here we proposed a new type of admission
control called Hybrid Admission Control (HAC). Unlike
the usual practice in the creation of admission control
adgorithms for wirdess networks, which are mainly
associated with only one level, ether a cal levd or a
packet level, we integrated all QoS parameters, either call-
based or packet-based.

New cdl blocking probability and cal dropping
probability are considered as QoS parameters of A1 and
A2 subclasses, while average packet delay is a parameter
of A3. As usua, HAC implements guard policy for
handover cals of A1 and A2, because dropping of an
aready established call is more sensitive to the user than
rejecting anew call.

We proposed an dgorithm for determination of
optimal thresholds under given constraints on QoS
parameters. The agorithm bounds cal dropping
probability of A1 and A2 subclasses and the average
packet delay of A3, while a the same time minimizing
new call blocking probability of A1 and A2. With aim to
avoid extreme delay peaks during heavy network load, we
proposed reservation of asmall part of the bandwidth only
for A3 traffic. However, B class is not considered in
admission control agorithm. B packets are serviced only
when dl A packets from queues are transmitted over the
wirelesslink.

We created an andyticad envelope for the analysis of
the hybrid admission control. The exact calculation of
optimal thresholds requires solving of a system with
hundreds up to thousands of equations. Therefore, we
proposed approximate transformation of N-dimensional
Markov modd to N onedimensional Markov chans.
Also, the network operator can schedule the optimal
threshold search, which is based on periodica traffic
measurements, during time interva of the day with lower
network load, i.e. late night.

The anaytical and smulation analyses showed two
main compromises that have to be made in HAC
agorithm: 1) between new call blocking probability and
cal dropping probability of A1 and A2; and 2) between
new cal blocking probability and average dday of A3.
Congraints on QoS parameters are given at the phase of
network design, but they can change later due to the
network policy or traffic behavior. If it is not possible to
determine optimal thresholds, then network has too low
resources for the given QoS demands or initial constraints
aretoo strict for one or more parameters.
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