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Planning Cordless Business
Communicafion Systems

Thom Frihwirth and Pascal Brisset, European Computer-Indusiry Research Center

Jorg-Rainer Molwitz, Siemens

P EOPLE IN THEIR CARS, PEOPLE IN

the street, people at work, people at home—
communicating through their mobile phones.
Wireless communication might be the trend
of the nineties, and it definitely means big
business for the telecommunication industry.
In Germany, for example, every third phone
sold today is mobile. In the US, there will soon
be 20 million subscribers to cellular phone ser-
vices. In the second half of the nineties, 20%
to 30% of phones sold worldwide are ex-
pected to be wireless (see Figure 1).!

The introduction of a European standard
for digital cordless telecommunication has
made cordless local area networks possible.
Mobile communication can come to com-
pany sites. No cabling is required, and the
employees can be reached anytime at any
place. However, planning wireless digital
networks is quite different from planning tra-
ditional wire-based systems. The plan must
account for the specifics of radio-wave prop-
agation at the installation site. Computer-
aided planning promises to ease some of the
difficulties.

In this article, we describe Popular (Plan-
ning of Picocellular Radio), a prototype tool
resulting from a collaboration of industry
and research institutions in Germany: the
Siemens Research and Development Depart-

THE POPULAR TOOL USES CONSTRAINT-BASED
PROGRAMMING TO OPTIMIZE THE PLACEMENT OF BASE
STATIONS FOR LOCAL WIRELESS COMMUNICATION.

ment, the Siemens Personal Networks De-
partment, the European Computer-Industry
Research Center (ECRC), and the Institute
of Communication Networks at the Aachen
University of Technology.? Popular uses a
path-loss model to describe radio-wave
transmission and constraint-based program-
ming to optimize the placement of base sta-
tions (transmitters) for local wireless com-
munication at company sites.

The DECT standard and PABX systems.
In 1992, the European Telecommunications
Standards Institute published the Digital Bu-
ropean Cordless Telecommunications stan-
dard.? The DECT standard enables radio net-
works with a cellular structure. A radio cell
is the space that a transmitter (base station)

covers. A cell’s radius is usually tens of me-
ters. Buildings require multicellular systems,
because walls and floors absorb part of the
radio signal. In a DECT network, a receiver
can automatically switch to a different sender
during communication (seamless handover)
and change the carrier frequency to improve
the transmission’s quality (that is, the net-
work is a seamless multicarrier system).

The standard integrates‘ a number of
telecommunication services. The wireless
services include the Telepoint service (for
public phones in cities), local area networks
for data transfer, and Private Automatic
Branch Exchanges (PABX) for in-house
communication. In this article we’ll discuss
PABX systems (see Figure 2). -

The market for PABX systems is growing
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even faster than the wireless communication
market. PABX enables the installation of
cordless business communication systems.
The major vendors of PABX systems based
on the DECT standard are Alcatel (Alcatel
4220/4000), Ericsson (Freeset), and Siemens
(Hicom Cordless 300).

" Computer-aided planning can help. Of
course, selling such systems is not enough;
the service that comes with it makes the dif-
ference. A vendor also plans, installs, and
maintains the system. The planning phase is
especially important, because a vendor that
can offer to cover a company site with fewer
base stations will be ahead of its competition.

Today, an experienced salesperson esti-
mates the number and positioning of base
stations. To assist, Siemens has compiled a
set of guidelines based on typical scenarios.
However, a scenario might not always apply,
and the approach does not work well for po-
sitioning the base stations.

The next step to improve customer satis-
faction and to minimize sales costs is com-
puter-aided planning. The idea is straight-
forward: given a blueprint of the building or
company site, compute the minimal number
of base stations and their location by simu-
lation and subsequent optimization.

Modeling picocellular radio

To simulate a cordless business commu-
nication system, we need to model picocel-
lular (smaller cell) radio transmission and the
building that will house the system. The
model might have to account for these im-
pediments to radio-wave transmission:

attenuation (weakening) of the signal
caused by distance,

shadowing (absorption) through obstacles,
multipath propagation caused by reflec-
tion and diffraction,

interference with other transmitters, and
¢ motion in the radio field (the Doppler
effect).

Path-loss model. A path-loss model can de-
scribe indoor radio propagation at a macro-
scopic level. Homayoun Hashemi writes:

Path loss information in indoor environments
are essential in determination of the size of the
coverage area for radio communications sys-
tems, and in selecting optimum locations for
base antennas. Obtaining three-dimensional

M Total telephones |

B Cordless telephones

Figure 1. Sales of elephones.

propagation contour plots using a building’s

blue-print and the knowledge of its construc-

tion material is a challenging job which requires
detailed and reliable path loss models.

The European Cooperation in the field of
Scientific and Technical Research (COST)
Propagation Models subgroup proposed this
path-loss model:’

L, =L, +10nlog,d+ leiFi+ ;ijVj

(6]
Ly is the total path loss in decibels. L,,, is the
path loss one meter from the transmitter. 7 is
the propagation factor. d is the distance be-
tween the transmitter and receiver. k; is the
number of floors of kind i in the propagation
path. F;is the attenuation factor of one floor
of kind i. p; is the number of walls of kind j
in the propagation path. W; is the attenuation
factor of one wall of kind .

The model is based on the power balance
of wireless transmission. It combines a dis-
tance-dependent term with correction factors
for extra path loss caused by the building’s
floors and walls in the propagation path. Mark
Keenan and Andrew Motley found that the
following parameters gave the best fit to ac-
tual data.® The propagation factor for the in-
door radio propagation channel is n = 2, the
same as in the open air. A carrier frequency
of 1.728 GHz caused a path loss in 1 meter
of 38 dB. Figure 3 (next page) shows typical
path loss over distance, on a logarithmic
scale. At 6 and 9 meters, walls are weaken-
ing the signal.

The walls and floors are characterized by
their attenuation factors. The attenuation not
only consists of the loss caused by the mate-
rial, but also includes the loss caused by the
limited dimensions of a wall or floor, and by
doors, windows, inhomogeneous materials

Figure 2. A wireless Private Aufomatic Branch Exchange
(PABX) with base stations (BS) and a Public Switched
Telephone Network (PSTN).

used, and so on. The overall loss is called in-
sertion loss (see Tables 1 and 2).

Extending the model. The COST path-loss
model does not account for reflection and
hence multipath effects. Even with sufficient
receiver sensitivity, a radio link could fail be-
cause of fading and the excessive bit errors
that fading causes. However, directly ac-
counting for this would complicate the model
considerably and introduce new sources of im-
precision. So, we introduce a fading reserve
(fade margin). Investigations into bit-error
probability independent of multipath effects
show that a DECT multicarrier system be-
haves well compared to a single-carrier sys-
tem.” Accordingly, we choose a fading re-
serve appropriate to the expected number of
bit errors.

The COST model also does not account

FEBRUARY 1996

51




110

100

90

path loss / dB

30 i . 1 L A ) 1 !

1 2 3 4 5 6 7 8 910 16 20
distance / m

Figure 3. Typical path loss with additional aitenuafion ot 6 and 9 meters caused by walls.
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Figure 4. Popular's control panel.

- for an antenna’s directional effect. Antennas | rectional effect. The antenna gain is the ratio
do not transmit the same amount of energy | of the maximal radiation density to the radi-
in every direction. Gain, G, describes the di- | ation density of an isotropic sphere antenna

(a hypothetical antenna that broadcasts and
receives signals in all directions equally).
The radiation density depends on the polar
angles pand ¢ and is adaptéd to the maxi-
mal density. It is usually expressed as the di-
rectional diagram, S(p,9)/Syax. For the di-
rectivity of an antenna,

Sip, .
Gp, =620 @
max H
Our extended path-loss model combines
Equations 1 and 2:
Lp=L,+Lp

adingReserve

10log,, (G) - 10log, ({(f_@) @

max

Our path-loss model does not need to ac-
count for interference with other transmitters
or for the Doppler effect. The cordless com-
munication system can automatically change
to a better frequency, and the system uses
such high frequencies that the Doppler shift
is negligible.

Precision of the extended model. Siemens’ -
Public Networks and Personal Networks de-
partments did experiments concerning Last

‘Mile applications of DECT-based telecom-

munication systems. (Last Mile systems re-
place traditional local cable-based commu-
nication with wireless communication.) The
standard deviation between the actual mea-
surements and the prediction based on the
standard path-loss model was 4 dB. Other re-
searchers—for example, Keegan and Mot-
leyS—report similar results;

This imprecision occurs because the stan-
dard model does not account for fading and
because it imprecisely handles signal loss.
The extended model’s fading reserve can
account for the worst case caused by this
imprecision. Our model is precise within a
few meters. Although this accuracy:seems
satisfactory, we need to consider multipath-
propagation effects in more detail. This
would let us estimate the bif-error rates and
thus refine the computation of thie radio cells.

Planning in’ Popular

Pascal Brisset and Jorg-Rainer Molwitz
implemented Popular in one man-year, using
the ECRC Constraint Logic Programming
System (Eclipse).® Eclipse is a rule-based
system that uses constraints ! to express par-
tial information and preconditions and post-
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Table 1. Insertion loss from walls. (Soft-system walls
are similar to ploster-cardboard walls and are often
used in office interiors.)

WAaLL consTRUCTION L;,s (dB)
Soft-system wall 2-3
Glass 2
Reinforced glass 8
70-cm brick 4-5
100-cm brick 9
10-cm concrete, indoor 6
20-cm concrete, large windows  5-6
40-cm concrete, indoor 17

Steel, large reinforced windows 10

- Table 2. Insertion loss from ceilings.?

CEILING CONSTRUCTION L;,s (dB)
Reinforced concrete 6-9
Tiles and metal mesh 15
Reinforced concrete on 12-16
steel frame

conditions on rules. Eclipse 3.4 incorporates
constraint-handling rules,"! which were es-
sential in implementing Popular. Constraint-
handling rules are a high-level language ex-
tension to implement arbitrary constraint
systems. They allowed rapid, flexible, and
efficient implementation of the placement
problem’s geometric constraints. Figure 4
shows Popular’s control panel.

Popular starts with basic information
about the building or company site (such
as a blueprint and the materials used for
walls and ceilings). The precision of a
blueprint is usually sufficient, because the
modeling of radio transmission is the main
source of imprecision. Because a wall and
ceiling can only have a single degree of at-
tenuation, buildings with heterogeneous
walls and ceilings may have to be approx-
imated piecewise.

Given this information, Popular simu-
lates the installation of base stations (trans-
mitters) and optimizes the installation to
find the minimal number of base stations
and their location.

Simulation of radio cells. First, we compute
the building’s characteristics, using test
points. Each test point represents a possible
receiver position. Assuming that the radio

Figure 5. Grid of fest points in a building.
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channel is reciprocal, we can interchange
transmitters and receivers. We place the test
points on a 3D grid inside the volume that
should be covered. The user chooses the hor-
izontal distances of the test points, which are
approximately 3-8 meters. Each floor of the
building has one such layer of test points (see
Figure 5).

Popular then calculates the radio cell for
each test point. To cover a test point, a base
station must be placed inside its cell. If the
grid is sufficiently small, we can expect that
if two neighboring test points are covered,
the space in between is also covered. Hence,
the whole building will be covered.

To calculate cells, Popular uses low- -

resolution path tracing. The current imple-
mentation uses 128 discrete unit vectors as
directions. To get to the point of minimal sen-
sitivity (that is, maximal permissible path

Figure 6. Path from fransmitter intersecting a ceiling and a wall.

loss), each path must be followed through the
whole building (see Figure 6). To determine
the maximal permissible path loss, Popular
adds the values of antenna attenuation in the
direction of the path, the path loss caused by
the distance, and the insertion losses caused
by intersections of the path with walls and
floors. The resulting endpoints describe the
boundaries of the radio cell.

In practice, the base stations are installed
at the same height from the floor on the ceil-
ings or on the walls. This means that on each
floor, the possible space of locations for
base stations is on a single plane. This plane
intersects with the radio cells, reducing them
from a polyhedron to a series of connected
planes (one for each floor) (see Figure 7).

Constraint-based optimization. Popular
uses Eclipse to optimize the number and
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Figure 9. Solution of the planning problem with a test-point grid size of four meters. Dotted lines indicate the possible

locations; the circle indicates the location chosen by Popular.

placement of senders. For each radio cell
(that is, its set of planes), we set up the con-
straint that at least one location of a base sta-
tion (geometrically speaking, a point) must
be somewhere in that area. Then, Popular
tries to find locations that are in as many
radio cell planes as possible at the same time.

Thus, the possible locations are constrained
to be in the intersections of the radio cell
planes covered. In this way Popular com-
putes a first solution. .
To minimize the number of base stations,
Popular uses a branch-and-bound method.
This method repeatedly searches for a solu-

tion, using progressively smaller numbers
of base stations, until it finds the minimal
number. ’ :

A practical application of Popular. We’ll
now show how Popular determines the opti-
mal placement of base stations for an office
building in the Netherlands (Figure 8 shows
a blueprint). This single-floor building is ap-
proximately 15 by 49 meters, and is approx-
imately three meters high. The inside walls
are soft-system walls with an attenuation of
2.3 dB, except for the walls to the hallway,
which are stronger, with an:attenuation of 8
dB. (Soft-system walls are similar to plaster-
cardboard walls and are often used in office
interiors.)

To get a description of the building, we
scan in the blueprint. From the scanned
image, we redraw the walls and ceilings.
Each wall and ceiling gets its own attenua-
tion factor. Also, we define the test site—that
is, the volume of the building that must be
completely covered by base stations.

To solve this planning problem, we choose
a grid size of four metérs. We estimated the
size from the dimensions of the building’s
rooms. We constrain base stations to be in-
stalled on walls only. Popular places a single
base station near the center of the building.
Figure 9 shows the possibleJocations on the
walls as dotted lines. Popular has chosen the
position indicated by the circle for the base
station.

In a slightly different scenario we assume
that all walls have the same; stronger atten-
uation (2.7 dB). As Figure 10 indicates, one
base station is no longer sufficient to cover
the building. The figure shows the radio ¢ell
as it would be computed in the simulation
phase—composed of smallitriangular seg-
ments. Along each line drawn from the base
station, Popular has computed the sensitiv-
ity up to the point of maximal permissible
path loss. )

Figure 11 shows a solution to the revised
scenario, using two base stations. Both base
stations cover the middie of the building. In
Figure 11, a radio cell extends only as far as
its base station provides the stronger signal,
so that the area that each base station covers
is accurately visualized.

Popular’s performance. While the simula-
tion phase has linear complexity for the num-
ber of test points; the optimization phase the-
oretically has exponential complexity. Our
experience shows, however, that the actual
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complexity is much lower. The implementa-
tion benefits from heuristics that account for
the problem’s geometric nature. We mea-
sured Popular’s runtime on a Sun Sparcsta-
tion 10. The average runtime was almost lin-
ear for the number of walls and test points,
with about 25 milliseconds per wall and per
test point. For larger buildings this results in
runtimes of approximately one minute. So,
the prototype’s speed is satisfactory.

P OPULAR'’S SOLUTIONS ARE COM-
parable to those of a human expert. It finds
an optimal placement in a few minutes at
most. More field tests are necessary to see if
Popular always finds the minimal number of
base stations.

Our current work aims at making the gen-
eration of the test points more flexible and
automatic. So far, the user must find the right
grid size (the coarsest one that still leads to
good results) by trial and error. We plan to
generate test points automatically, based on
the building’s architecture.
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