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ABSTRACT

Priority Queuing with Buffer Mana gement ( POBM) has been recently proposed in
the literary i } i i i
and

Otters improveq lhroughpur for lower briority daa packets by Cnsuring that higher
Priority data class does not have a monopoly of bandwidth resources,
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satisfied while the resources are utilized as
efficiently as possible [4].

The mechanisms that are being used for
effective service provisioning in the design
of multiservice systems include Call
Admission  Control  (CAC),  Buffer
Management (BM) and Scheduling. CAC
restricts the access to the network based on
resource availability in order to prevent
network congestion and service degradation
for already supported users. BM ensures that
all service queues are ruaranteed a minimum
amount of memory, yet available memory
can be shared between service queues when
necessary. Scheduling is the strategy that
determines which queue is given the
opportunity to transmit data packets that are
already stored in the buffer. Several works
that employ these mechanisms exist in the
literature.

Carvalho et al [1] proposed two models
namely FIFO with Buffer Management
(FIFOBM) and Priority Queuing with Buffer
Management (PQBM). In this work, we seek
to modify PQBM such that the bandwidth -
monopolization tendency of the higher
priority data packets can be avoided. To
achieve this, we introduce another threshold
(in addition to -he one in the existing
scheme) in the Jower priority buffer in such a
way that if its occupancy is equal to or
greater than this threshold. the available
radio resources will be shared by both data
packet service classes. Hercin the model is
called Improved PQBM (IPQBM)

The paper is organized as follows: a
short review of related work is contained in
section 2. section 3 presents the sysiem
model while the markovian model of
IPQBM is described in section 4. The
performance analysis of IPQBM 1s contained
m section 5. Comparison study. results
analysis and discussionare done in section 6
while the paper is finally concluded in
section 7.

2.0 RELATED WORI:

Scheduling.  which is  emploved on
bandwidth 15 a typical waffic management
7 widely explored in the Iiterature,

man function of the scheduler is 10
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arbitrate between the traffic class (voice,
data. video. etc.) that can use bandwidih
resources. A traditional approach is the
Weighted Fair Queuing (WFQ) that provides
fainess among flows by using weights 19
prevent monopolization of the bandwidth by
some flows. WFQ plays a central role in QoS
architectures. It is also available in today’s
router  products.  Other  scheduling
approaches for wireless communication are
the Idealized Wireless Fair Queuing (IWFQ)
and Channel Condition Independent Packe
Fair Queuing (CIF-Q) that have been
proposed for wireless packet fair queuing
[3]. [7]. In [8], a Distributed Fair Scheduling
(DFS) that achieves proportional faimess in
wireless shared channels is proposed. A
simple method that supports service
differentiation is the Priority Queuing (PQ)
[3]. In PQ each buffer queues its priority data
packet traffic and the scheduler schedules the
traffic classes based on the occupancy of the
higher priority buffers.

Buffer management- (BM) has also been
explored in literature. A simple sirategy is
the Drop Tail that discards a data packet
when the buffer is full. A BM for fast
handoff is proposed in [10], which aims at,
among other things, supporting QoS during
handoff process, while maximizing the
buffer utilization. Another BM mechanism is
the Random Early Detection (RED) that uses
two thresholds to avoid overflow [3]. In [6].
a threshold on the buffer is used to decide
when radio resources must be allocated to
data, n such way that based on the buffer and
radio resources occupancies it is decided
whether some radio channels will be
allocated to camry out data packets. The
ongoing voice calls using the channels
allocated 1o data service are forced to move
to the macro cell. In [S]. a threshold is also
used into the buffer, but with the purpose of
monitoring its occupancy in order 1o decide
when to apply flow control

3.0 SYSTEM MODEL

The system under study inherits most of the
properties and dynamics of the syvstem for
which POBM was designed. In fact the

dynamics of the voice service class remains
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the same. The difference is only in the data
service class.

The system model as described in [1] is as
follows:

A typical cellular mobile network with cells
providing wireless access for mobile users
throughout the Base Station (BS) is assumed.
A total of N radio channels are available in
each cell. Two service classes access the
network: voice and data. Both new and
handoff calls constitute voice traffic. Voice

‘calls and data packets arrive in the system

according to two Poisson processes, with
parameters —,and J, respectively. As voice
service is composed by new calls and
handoffs, their arrival rates are givenas _, ,
and Ty, , respectively. Thus, J, = Ll i

w
Arrival of packets takes place in the
following way: Z,=",, + Tia s where Ty
and g are higher priority data packets
arrival rate and lower priority data packets
arrival rate respectively. The service times of

voice calls and data packets follow "

exponential distributions with parameters 1y
and pg respectively. Tt is also assumed that
data packets will be transmitted using all
available radio resources. For the sake of
simplicity, it is assumed that the wireless
channel is error-free. .

A threshold divides the lower priority buffer
into two arcas: one used to accommodate
only lower priority data packets and another
shared between both data packet service
classes. Thus when the higher priority buffer
is full, higher priority data packets may be
accommodated into lower priority buffer as
long as there is available space into the
shared area. A guard channel CAC is used to
differentiate handoff voice calls from new
voice calls. These guard channels are also
shared with data packets in order to increase
1h§ utilization of the radio channels. A
Priority for handoff voice traffic ensures that
1s performance is not affected.

In addinon to the above basic model. the
system also has additional threshold Kdr in
the lower priority buffer in such a way that if
its occupancy is equal to or greater than this
threshold. the available radio resources will
be shared by both data packel service classes.

4.0 IPQBM
The system has two buffers: one for higher
priority data packets and another for lower
priority dafta packets with sizes Bh and B,
respectively. The system also has additional
threshold Kdt in the lower priority buffer in
such a way that if its occupancy is equal to or
greater than this threshold. the available
radio resources will be shared by both data
packet service classes. A multidimensional
Continuous Time Markoy model of this
scheme is developed whose state is defined
asQ ={(v.h. J)/0ZVv<N,0<h<Bh,0<
= £ B35}, where v is the number of voice
calls (new and handoff); h is the number of
higher priority data packets into the higher
priority buffer: and  is the number of lower
priority data into the lower priority buffer.
Table'] shows the state transitions of
[PQBM model. Changes in the state variable
h are motivated by an arrival or a departure

of a higher priority data packet. Likewise for-

L. but if higher priority buffer is full, all
higher priority data packets may be
accommodated into the lower priority buffer
as long as there is available space in the
shared area (BJ — Kd). A higher pricrity
data packet will be transmitted with rate
min(N-v, h)ug if there are free radio
resources. Whenever Z is greater than or
equal to Kdt and there are free radio
resources. both lower priority data packet
and higher priority data packet will be
transmitted with rates min(“—:ﬁ. Z) g and

A [ .
min(—— h) gy respectively
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Table 1
IPQBM. transitions from state Q =(v.h D)
_Successor state  Condition Rate Event

(v=1 1 ) v . K o Arrival of voice call (new: and

handoff)

v+ h ) Kv<vy N —_ Arrival of handoff voice call

(v.hrl, _) h _ Bh -hd  Arrival of higher priority data packet

(v.h, _+1) - .B. i - 4 Arrival of lower priority data packet

(v.h, _+1) h=Bh_ _ _B _Kd S8 Arnival of higher priority data packer
into lower priority buffer

(v-1.h,_) v>0 VL Departure of voice call

(Vh-1,2)  min(N-v.h)>0 _h>0 _ _ -Kdt min(N-v.h)ud Departure of higher priority data
packet only

(v, h-1, _-1) min(N-v, _)>0_ >0 min(N:r, -) ke Depanure of both lower priority data
packet !

-min(N-v.h)>0 _h>0 min(%e h) pq and higher priority data packet .
~ _>Kdt
(v.h, 1-1) min(N-v, _)>0 _h=0" ->0 min(N-v, _)ud Departure  of lower priority daiz

packet only

5.0 PERFORMANCE ANALYSIS OF
IPQBM
When analyzing the performance of a

computing or telecommunication systen, a _

number of performance measures may be of
importance. Measures that arc often used to
describe the performance of a system include
blocking probability, throughput, utilization.
mean delay. transit delay, delay variation,
EITOr rate, response time, efc.

Here, we concentrate on only two
performance indices namely throughput and
mean delay. Let n(v, h, Z)  be the
steady-state probability of the IPQBM
continuous time Markov chain,

The throughput of higher priority data
packets can be expressed as:
X = Xpgy + Kna

(1)

Where: :
Xhar=

N=1 -

y > min(N' =1, h) pa (v, k,)

h: mir N S0 530
Vv KRdr 2y
Xiges

L S T

vV > Kdt ' 3)

Similarly the throughput of the lower priority
data packets is given as

Xd=

N-1

Z Z Z min(Nz_v.)u,,rr(u.h.l)

vaj mm(g.)w 2hdt

¥

N=

=

min(N —v,) u, (v, 0, 15}

1

v=0 minfN-y, )>0 >0

4)
Employing Little’s law. the mean dejay of
higher and Jower priority data packets may
be respectively expressed as :

W PCBM =
hd
X8tn Gy
I020 Ton ch=is150 Ese min{N=vhlug + TN Y Shoomin(57

“mm:i:'—"m»
; (3)
The first term of the denominator of equation
ubject 1o T < Kir

hile the s=cond term is subject 10 = > Kdt
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wPasy
hd

(6) b
6.0 COMPARISON W

U.l)udn(v,D.I)
In order to €Xamine

Bh
Py )
v,h)>p Z}t>o min (N‘v,h)#d

(7)

Egl;olzmin(N—
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7.0 CONCLUSION

The scheduling discipline of PQBM is
modified to evolve IPQBM. From tables 2 —
4 and figures 1 — 3 above, it is clear that the
mean delay perceived by higher priority
packets in IPQBM is higher than that
perceived in PQBM. The implication of this
is that IPQBM offers better throughput for
lower priority packets. As such there cannot
be monopoly of bandwidih resources by
higher priority packets in IPQBM. However,
if the number of channels (N) increases, the
effectiveness of IPBQM in checking the
monopoly of higher priority packets wil|
reduce. Overall, IPQBM ensures faimess in
the use of radia resources by both data
classes and is therefore of bemer performance
than PQBM
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