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Abstract

The next generation wireless networks promises
availability of a wide variety of services. To be supported
successfully, it is necessary to provide quality of service
(QoS) between end-systems with the resources whose cost
is discouragingly high. This paper proposes a new scheme
for call admission and bandwidth reservation for the next
generation wireless networks. The proposed scheme OPBR
(optimal cell partition based bandwidth reservation) does
an optimal partitioning of the cell to give high degree of
call admission and successful handoff. In addition it offers
effective bandwidth utilization and guarantee QoS. The
performance of the scheme is done by analytical modeling
and simulation experiments. A comparison with two
different schemes (PBR and adaptive reservation) shows
desirable results can be achieved by proposed scheme with
better performance for various QoS parameters.

K eywor ds: Bandwidth reservation, Call admission control,
Quality of service, Wireless networks and
Multimedia networks.

1 Introduction

The next generation wireless network will support a
wide variety of services. The cost of providing these
services is discouragingly high in terms of required
resources. Extremely efficient resource management is
required to provide these services at the affordable cost.
With over one billion mobile users estimated by the end of
2002 [1], with packet based multimedia services, the
establishment of connection is crucial for quality of service
(QoS) provisioning between the end-systems. The current
trends are towards shrinking all size
accommodate more users. This result in frequent handoff
due to user mobility, thereby making QoS provisioning a
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more intricate question.

In wireless communication the coverage area is
divided in to cells, with each cell covered by a base station.
The mobile user moves from one cell to another cell, a
handoff take place from one base station (BS) to the other.
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Current research offers solution to this rapid handoff,
which can be classified in to two broad categories. The first
method is based on hierarchical network architecture. In
this resources are reserved in neighboring cell in advance
based on location of the mobile and call admission. Second
broad category is based on probabilistic model and predicts
future resources depending upon past history. The second
approach had the disadvantage of not guaranteeing QoS,
however sudden degree of confidence can be achieved
which is necessary but not sufficient to support rapid
handoff for the real time traffic.

The main contribution of our work is to provide QoS
guaranteed while optimizing the bandwidth utilization and
increasing probability of call admission. The analytical and
simulation result has shown effective utilization of the
bandwidth with increase probability of handoff and call
admission. The scheme is based on optimal partitioning of
cell to achieve better performance for various QoS
parameters.

The paper is organized in six sections. In next section,
related work in the literature is reviewed. In section three,
proposed scheme is discussed. Analytical model and
simulation results are quoted in section four and five
respectively. Finally paper is concluded in section six.

2 Previous Work

Many schemes have been proposed in the literature
[2,3,4], which guarantees QoS. In [2] admission control is
based on pre-determined threshold value of either the mean
delay or the packet loss probability of data traffic. This
scheme however does not reserve bandwidth in the
neighboring cell to respond to rapid changes in network
statistics. In [3] resources are allocated based on different
classes of traffic but does not consider bandwidth
reservation in advance. In [4] admission is based on
dynamic channel assignment. The network traffic is first
evaluated, which forms the bases of channel assignment to
new calls, however it doesn’t reserve the bandwidth in the
neighboring cell.

Recently some popular work is reported [5, 6, 7]
which in addition to call admission reserve sufficient
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resources in the neighboring cells to guarantee QoS. In [5]
a bandwidth compaction and call admission framework is
proposed which improves the call admission probability.
Increased reservations in this case give rise to lower value
of bandwidth utilization, which is quite precious. In [6]
QoS is guaranteed by accepting a new call when required
bandwidth is available in the local and immediate
neighboring cells. The probability of going in a
neighboring cell (1/6 in this case) is far away from
practical for reserving the bandwidth, thereby reducing the
call admission rate and lower values of bandwidth
utilization. In [7] a partitioned cell based bandwidth
reservation scheme is proposed in which each cell is
partitioned in to six sectors or sub cells and bandwidth is
reserved in the immediate neighboring cell only. The
scheme is quite practical however as the admission is based
on the availability of bandwidth resources in the local and
one of the neighboring cell, the resulting call admission
rates quoted are quite lower.

Our proposed scheme is compared with two most
popular schemes [6, 7] and result shows that proposed
scheme is most desirable and achieves good performance
with less bandwidth resource.

3 Proposed Optimal Cel Partition
Based Bandwidth Reservation
[OPBR] Scheme

The support for bandwidth-intensive (multimedia)
services in mobile cellular networks introduces the
problem of frequent handoffs and makes resource
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Figure 1 Wireless Network Infrastructure

allocation difficult. The paper considers an infrastructure
based-wireless network as shown in Figure 1.

A mobile can originate and terminate multiple data
connections that enable it to communicate with other
communication devices. All communication to and from
the mobile is through the BS. The proposed OPBR scheme
assumes that each cell is partitioned in to six sectors or
sub-cells as shown in Figure 2. It is possible to sectorize
each cell by using the directional antenna and mobile
location can be determined from the antenna from which
the signal is received.

A departing region is defined on the out skirts of the
cell as shown by marked region in Figure 2. The remaining
region is defined as local. The mobile users in the cell can
be classified as departing or local depending on its location.
This is established either via the use of sectorized antennas
or by taking RSS measurements at the six neighboring BS.
These techniques can at time lead to severe inaccuracies
due to various radio propagation conditions. A scheme
based on combination of above with knowledge of terrain
condition to predict user location will perform better.

3.1 Bandwidth Reservation.

The bandwidth reservation scheme OPBR is based on
optimal portioning of cells. The portioned sectors have
optimal number of neighbors to give better bandwidth
utilization, call admission and successful handoff. The
possible mobility of the MS (Mobile station) to
neighboring cell in our case is as shown in Figure 3.

In our scheme the bandwidth reservation is based on
following two criteria.

- The type of traffic (real / non-real time).

- Location of the MS (local / departing)

The bandwidth is reserved for the real time caller
originating call in the departing region or while moving
from local to departing region only. The framework of call
reservation is based on nearest and immediate nearest
neighbors. Due to optimal sectoring of the cell a MS “A”
has two nearest neighbors (e.g. N1 & N2 in Figure 4) and
two immediate nearest neighbors (IN1 & IN2 in Figure 3).
It is important to note that any error in MS location
prediction is quite tolerable due to optimal sectoring of the

Departing region

Local region

Figure 2 Optimal partitioning of cell
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cell. When a real time call is originated in the departing
region, in addition to the availability of bandwidth at the
originating cell, equivalent amount of bandwidth is
reserved in the nearest neighbors (N1 & N2). If the
bandwidth is not available in any of the neighbor cell (say
N1) then it is borrowed form one of the immediate nearest
neighboring cells (either IN1y; or 1N2y; in this case).

For a user moving from local area to departing area
the bandwidth is reserved in the same manner as discussed
above. In order to guarantee QoS the boundary of local and
departing region is kept as a function of user mobility and
it is up to vendor to decide its threshold.

A high mobility system with reduced cell size will
observe frequent handoff, forcing local area to be as small
as possible to offer 100% QoS. The situation will permit
admission of calls only when bandwidth is available in
home and predicted neighboring cells. However depending
upon the traffic behavior appropriate threshold / boundary

Figure 3 Possible movement of mobile from sub-cell to neighboring

cells.
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Figure 4 Nearest neighbor and immediate neighbor for bandwidth
reservation / possible borrowing.

for the local and departing region be selected to give better
efficiency and utilization of the bandwidth.

3.2 Call Admission and Control

Our new call admission algorithm is presented as a
flow chart in Figure 5. In case of new call the request is
accessed based on real time or non-real-time and
availability of bandwidth in the originating cell. The call
admission criteria are difficult for both type of application.
As discussed before the real time user is classified to be in
local or in departing region. If the user is in departing
region the bandwidth is reserved based on predicted
destination cells. If the reservation as discussed in previous
subsection is successful the call is admitted else it is
rejected. For the non-real time user the admission is
primarily based on the bandwidth in the local cell and
space in the buffer of non real-time packet queue.

4 Analytical Modd and Analysis

In this section we evaluate expression for call
admission and handoff and bandwidth
utilization for the proposed scheme. A comparison with
earlier two popular schemes [6,7] is also done. In this
analytical model we will mainly focus on real-time users.

successful

4.1 Call Admission & Successful Handoff
Parameter proposed in [5] is used for analytical
analysis of call admission and successful handoff. The
assumptions taken for analysis are as follows.
- User changes cell at least once during the session.
- On the average same amount of bandwidth is required
for all calls.
- Unavailability of bandwidth is the only reason for
handoff failure.
Let Pgw be probability that sufficient bandwidth is
BW / Space
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Figure 5 Flow chart of call admission control
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available in any cell to admit a call and Let A and H be the
event denoting call admission and successful handoff
respectively.

We will derive an expression of P(AH) (probability of
call admission and successful handoff) for the proposed
technique and will compare it with two other techniques.
OPBR (Proposed Scheme)

The probability of call admission and successful

handoff is given by
P(AH) =P(A)P(H|A) -------- (1)

Where P(A) is the probability of call admission and
P(HJA) is the probability of handoff given the call is
admitted. P(H|A) is given by

P(H|A)=Ppy+2Ppw(1-Paw)(2Ppw)*+(1-Paw)’(2
Pgw)’
P(H‘A):PZBW[1+2(1'PBW)]2 """"" (2)

For the local region the probability of call admission
is P(A)= PBW , hence using equation 1 the P(AH) is given
by

P(AH)= P o[ 142(1-Pgy)]” - 3)
Adaptive Reservation
The algorithm [6] admits a real time call only when

sufficient bandwidth is available in the originating as well
as in the neighboring six cells. The P(HJA) is given by
P(H|A)=1 with call admission probability P(A) = P7BW,
hence the overall probability of call admission and
successful handoff is given by
P(AH)= Pgyy —--(4)

PBR (Partition based bandwidth reservation)

In partition based reservation [3] the call is admitted
when sufficient bandwidth is available in the originating as
well in one of the neighboring cell. The probability of call

admission and successful handoff can be derived as follows.

P(A):PBW and P(H|A):PBW
Where as P(AH) = P?gyy ---------- 5)

Comparison
A comparison parameter (t) is defined as ratio of

BW

Figure 6 Comparison parameter t plotted as function of Ppw

proposed scheme probability of call admission and
successful handoff with the probability of other scheme. ©
is given by

~ PCAH) poposed _scheme ________ (6)

2-oiher _ scheme ™ P(AH)

other _ scheme
The value of t for the adaptive reservation is given as
follows
P(AH) proposed _ seheme
P(AH) gaptive_ soneme
Plaw[1+2(1 = Py I’
P sw
2
T adaptive _scheme — w ------ @)
P sw
The value of t for the PBR is given as follows
P(AH) yroposed _scheme

z-acla.ptiv97 scheme

z-adaptive7 scheme ™

TPBR_scheme — P(AH) por
P’sw[1+2(1—- Py )T
TPBR_scheme — Pl

Tpar_soheme = [ 1+ 2(1 = Py )]* - ®)

The value of the PBW (probability that sufficient
bandwidth is available in the cell for call admission) ranges
forms 0< Pgw<l. A plot of the comparison factor for
various schemes is plotted against all possible values of
Pgw . Figure 6 shows a comparison of proposed scheme
with two other schemes. The plot shows that the proposed
scheme has got higher values of call admission and
successful hand off rate. The only scheme, which has close
result to proposed scheme, is PBR In which it has higher
values for Pgw< 0.14 but for all practical cases the
probability of availability of bandwidth for a call admission
in any cell is always greater then 0.14.

4.2 Bandwidth Utilization

Resource reservation schemes reserve bandwidth in
the adjacent cells to provide better performance and
guarantee QoS. Bandwidth is a precious resource and its
effective utilization is a key indicator to determine the
suitability of any technique. In [7] K.K Pati defines a
metric that can be used to determine the effective
bandwidth utilization and is as follows

pi)
Be, = S5, *i S SE x100____(9)
i j k 1 m

Where Beff is the percentage of bandwidth being
effectively utilized, B;; is the bandwidth used by mobile

host i in cell i, ;the summation to evaluate BW used by all
mobile user in cell i, the Z summation to find out the total
BW allocated to all the active mobile users in all the cells.
B x is the BW reserved in cell k by the mobile host k
present in the neighbor cell 1 to cell k, Z the summation to
get the bandwidth reserved in cell k by all mobile users in
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neighbor cell i, X the summation to evaluate the

bandwidth reservedl by all mobile users present in all
neighbor cell k and X is the summation to get the
bandwidth reserved in all cells. To study the effective
bandwidth utilization by the proposed and reference
schemes, we will derive the expression for the Beff. Let m
be the total number of mobile users at any time and f be the
bandwidth used by any user when the call is admitted. With
this basic assumption we will derive the expression of the
effective bandwidth utilization.

For the adaptive reservation [6] call admission is
possible only after allocating the required bandwidth in
originating as well as all the neighboring cells, the value of

Beff is given by
z ZBJJ =mf and Z Z ZBmJ’k = 6mf
i j k 1 m
Be, —=— ™M 1 140805rm (10)
mf +6mf 7

In PBR [7] the call admission is based on allocating
the bandwidth in originating as well as in one of the
neighboring cell, hence the value of the Beff is given as

2 2 By=mfand 3 > > By, =mf
i ] k : "
S [ /y— (11)

OPBR(proposed) scheme assumed the bandwidth to
be reserved in originating as well as in the two predicted
cells. The basic assumption is, “departing area = total cell
area” (i.e the bandwidth is need to be reserved for all the
users). The values of the Beff is given by

Z ZBU:mf& Z Z ZBm,I,kzsz

mf 1
=————=—=3333% ------ (12)
mf +2mf 3
If the departing area is assumed to be less than area of

the cell, the Beff will increase with increase in ratio of the
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Figure 7 Bndwidth utilization as percentage of the reserved bandwidth.

local area to the cell area. Let x be define as ratio of the
local area to the cell area. Then the modified Beff
(Beff(modified)) is given by.

B, , (modified) = 2 x+| —M |2y L (13)
3 mf +2mf 3 3
Where x— ocal _area
cell area

A plot of the equation (10-13) is given in Figure 7.
Equation 16 is plotted against values of x shows that for a
value if x>0.25 the proposed scheme out perform the other
two schemes for the bandwidth utilization.

5 Simulation M odél

To simulate various reservation schemes for the total
amount of bandwidth required, we assume following.

- Poisson call arrival and handoff time distribution.

- Exponential call holding time distribution.

- 15% probability of high bandwidth (384kb/s) calls
handed off each minute.

- 85% calls randomly distributed between 16 and 56 kb/s.

- Assumption is based on network support to 16kb/s voice
service, 16 to 56 kb/s Internet and 384 kb/s of real time
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Figure 8 Traffic generated for a cell by simulation model.
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Figure 9 Call admission probability against the call arrival rate.
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video calls.

The simulation time is 100 minutes and calls as per
assumption are originated against the time as shown in
Figure 8. For the purpose of comparison call admission
probability is calculated for various schemes. The results
shown in Figure 9 indicated higher values of call admission
are achieved by the proposed scheme.

6 Conclusion

In this paper we proposed a call admission and
bandwidth reservation scheme for future wireless networks.
Analytical results have proved the effective bandwidth
utilization and increased probability of call admission and
handoff for the proposed scheme. This result in reduced
new call rejection rate and premature termination of call
due to unsuccessful handoff. The scheme has proved
superior compared to some popular reservation based
schemes [6,7].
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