Modeling Wireless Local Loop with General Call Holding Times
and Finite Number of Subscribers
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This project proposes an analytic model
to compute the loss probability for Wireless
Local Loop (WLL) with a finite number of
subscribers. The number of trunks between
the WLL concentrator and the base station
controller is less than the total number of
radio links in the WLL. This model is
validated against the simulation results. The
execution of our model is efficient compared
with  simulation. However, its time
complexity is higher than severa existing
anaytic models that approximate the loss
probability for WLL. Therefore, we design an
efficient WLL network planning procedure
(in terms of time complexity and accuracy)
that utilizes the approximate analytic models
to provide smal ranges for selecting the
values of system parameters. Our modd is
then used to accurately search the operation
points of WLL within the small ranges of the
system parameter values. This project proves
that the performance of WLL with limited
trunk capacity and finite subscriber
population is not affected by the call holding
time distributions. Based on our model, we
illustrate WLL design guidelines with several
numerical examples.
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Wireless local loop (WLL) provides
two-way
stationary or near-stationary users within a
small

communication  services to
service area. This technology is
intended to replace the wireline local loop. In
telephony, local loop is defined as the
transmission circuits between a Local
Exchange (LE) and Customer Premise
Equipment (CPE). The trunks start from the
LE in the local loop and are broken into
severa smaller bundles of circuits after some
distance from the LE. These circuits are
eventually separated into “drops’ for
individual subscribers. The cost of the local
loop tends to be dominated by these drops on
the end-user side, which is typically referred
to as the expensive “last mile’. This is
particularly true for rural areas. The LE is
typically the first point-of -traffic
concentration in the public switched
telephone network (PSTN), especialy for
older installations where, on the line side of
the LE, all facilities from the line-interface
card to the CPE are dedicated to a single
telephone number. New installations connect
residential neighborhoods or  business
campuses to the LE and use dtatistica
multiplexers to concentrate traffic. However,
the last few hundred yards of wiring from a
residence to the statistical multiplexer in the
local loop is always dedicated. Compared
with the wireline local loop, WLL offers
advantages such as ease of installation and

deployment (installation of expensive copper
cables can be avoided) and concentration of
resources[1], [2].
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Figure 1. A Typical WLL Architecture

Figure 1 illustrates a typica WLL
architecture [3], [4], [5], [6]. This WLL
architecture consists of Subscriber Terminals
(STs), Base Stations (BSs), the Base Sation
Controller (BSC), the Concentrator, and the
Operations, Administration, and
Maintenance Center (OA&M Center). These
components are described as follows:

Subscriber Terminal: An ST is co-located
with the CPE (e.g., telephone set), which
is responsible for converting and
delivering speech and control signals
between the CPE (through the subscriber
telephone line) and the corresponding BS
(through the air interface).

Base Station: There are M BSs in the system.
Forl i M, there are N; STs in the
radio coverage area of the ith BS. This
BS is equipped with ¢; radio channels and



is connected to the BSC with ¢; backhaul
transmission lines.

Base Station Controller: The BSC controls
the concentrator, BSs and STs to perform
call setup and release between the PSTN
and CPEs. The BSC connects to the
concentrator with C trunks.

Concentrator: The concentrator performs
concentrating and mapping functions
between the subscriber lines to the LE
and the trunk circuits to the BSC. The
number of subscriber lines between the
concentrator and the LE is equa to the
number of CPE/STs in the WLL network
(e, D" N).

Operations, Administration, and
Maintenance Center: The OA&M
Center is responsible for operating,
controlling, and monitoring the whole
WLL network. An example of WLL
OA&M design and implementation can
be foundin [7].

The performance of a WLL network is
affected by the capacities of BSC (i.e., the
number C of trunks) and BSs (i.e, the
number ¢ of radio channels). Since the
simultaneous on-going callsin aWLL system
are expected to be much smaler than the
number of subscribers in the system, it is
typical in network planning that

N, >c, andCsici
i=1
To determine the C and ¢; values, severa
models have been proposed to study WLL,
including the Erlang-B formula [§],
Engset-Syski (ES) model [9], and Erlang
Product Form (EPF) model [10], [11], [12],

[13]. These models either assume
C-= leci (Erlang-B and Engset) or N; = c

(Erlang-B and EPF). Therefore, they can only
be used as approximate modeling of a
general WLL system in aprimary study.

In this project, we first investigate
several approximate analytic models. Then,
we propose an exact analytic model for
general WLL systemswhereN; (1 1 M)
are finite and C< > . We will vaidate

our analytic model with the simulation
experiments and investigate the time and
space complexities of the model.

This project studied the performance of
WLL systems with a finite number of
subscribers and a finite number of trunks in
the BSC. We investigated severa
approximate analytic models and proposed
an exact anaytic model to compute the loss
probability of WLL. In deriving the
stationary distribution of the system states for
the exact model, we also proved that the loss
probability for the WLL is insensitive to the
call holding time distributions, and is only
dependent on the mean of the call holding
time. The exact model was validated against
the simulation experiments. We observed
that the time complexity of simulation is
much higher than the exact analytic model.
On the other hand, the executions of the
approximate analytic models are much faster
than that of the exact analytic model. We
designed an efficient procedure (in terms of
time complexity and accuracy) to identify the
operation points of a WLL system. In this



procedure, the approximate models are
utilized to quickly compute upper and lower
bounds for the engineered operation points of
the WLL system parameters. Then the exact
model is used to accurately compute the
performance results for the values of input
parameters in the ranges identified by the
approximate models. The network planner
then selects the appropriate values for WLL
system parameters based on the outputs of
the exact analytic model.

According to the exact anaytic mode,
we illustrated some WLL design guidelines
by numerical examples. We showed, for an
arbitrary call traffic, how to identify the
bottleneck resources of WLL, and how to
appropriately  increase  the  bottleneck
resources to improve the WLL performance.
Our gquidelines are general enough to
accommodate all kinds of call holding time
distributions.
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2. Propose an exact analytic model to
compute the loss probability of a WLL
system.

3. Prove that the loss probability for the
WLL is insensitive to the call holding
time distributions, and is only dependent
on the mean of the call holding time.

4. Propose a simulation model to validate
the exact analytic model.

5. Design an efficient procedure to identify
the operation points of aWLL system.

6. lllustrate some WLL design guidelines by

numerical examples. Our guidelines are
general enough to accommodate all kinds
of call holding time distributions.
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