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Exploration Programmes: :
Corporate Technology Explores Future Telecommunicatioises

WLAN and -

-

B]ueﬁtgjath COEXiSteEEg

The demand for wireless LAN products (WLAN) is booming and,

at the same time, most mobile phones will soon be equipped with
Bluetooth. Both technologies use the same unlicensed frequency
band so that coexistence problems are likely to occur. The goal of
the work presented here was to develop a method for studying
radio-to-radio EMC focusing on the interaction between WLAN
and Bluetooth devices.

Our study shows that interaction between devices operating in
the ISM Band (WLAN, Bluetooth) exists and the deployment of
such technology has to be carefully planned. As a result of our lab-
oratory measurements, Bluetooth systems need to be placed away
from a WLAN at a minimum distance of 5 m in the case of a single
WLAN and 11 m in the case of 2 WLANs.
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stallation and troubleshooting cost.

The Programme “Electromagnetic Effects” investigates the electromagnetic com-
patibility (EMC) aspects of emerging telecommunication technologies and the
biological effects of electromagnetic radiation. Necessary actions and guidelines
are elaborated allowing Swisscom to improve quality of service and minimise in-

With its Exploration Programmes, Corporate Technology is exploring telecommu-
nication technologies and new service possibilities with a long-term view of 2-5
years. Further, the expertise built up in the course of this activity enables active
support of business innovation projects.

he number of wireless systems is
exploding. In this situation, the
use of compatible equipment at

home and at the office is becoming a
key success factor. While, for example,

ENRICO BLONDEL

GSM and DECT are using separate li-
censed frequency bands, WLAN and
Bluetooth share the same unlicensed fre-
quency band and mutual disturbances
are likely to occur.

If a customer uses a Bluetooth headset
and the call quality is bad, he will not be
able to distinguish between poor GSM
network quality and a poor Bluetooth
connection and will complain. Therefore,
Swisscom as service provider should un-
derstand the interference problem of
mixing wireless applications and should
study solutions for offering interference-
free WLANSs or Bluetooth coexisting with
other ISM devices.

Today, various new entertainment equip-
ment using wireless technologies like
Bluetooth, Wireless LAN and Home RF is
commercially available. Currently, those
wireless devices share the same 2.4 GHz
ISM frequency band and coexistence of
such devices causes mutual interference.
Such interference can lead to a quality
degradation of a Swisscom service and
can be wrongly interpreted as a quality
problem of the Swisscom network.

Hence, it is important to follow emerging
technologies and their market develop-
ment with the objective to estimate not
only the business opportunities, but also
related risks and coexistence problems.
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For that purpose, we have studied the
interference scenario with the support of
laboratory measurements. After verifica-
tion of the setup a series of measure-
ments was compared to reference mea-
surements in free field, data sheets of
the equipment and other publications.
Later, the setup was extended to include
multiple interference. For a better under-
standing of indoor multipath propaga-
tion, several measurements were done in
an office environment subject to fading
effects and wall attenuation.

Wiring the Wireless

The EMC expert team at Corporate Tech-
nology succeeded to simplify the overall
measurement scheme and reduce the
environmental effects related to the
measurements. This made it possible to
study the interference as a separate phe-
nomenon. The applied wired method
was developed earlier at Corporate Tech-

nology for the first investigations of
WLAN and was adapted to the problem
to be studied.

The developed method can be gener-
alised for the study of coexistence prob-
lems among other ISM band devices, for
example Home RF. It generates the refer-
ence data, for example bit rate or packet
loss, for planning a harmonised coexis-
tence of Bluetooth and WLAN
(IEEE802.11b). In addition, it provides the
data to be introduced in the empirical in-
door propagation models for the three
typical Bluetooth and WLAN coexistence
environments: office, home and public
space.

The Wired Method

In order to provide an accurate criterion

for the coexistence of Bluetooth and

WLAN in real use cases, a reference mea-

surement approach was developed first

which is directly applicable to commer-
cial Bluetooth and WLAN (IEEE802.11b)
products. The reference approach is
composed of the measurement setup
and the measurement method.

The measurement setup is shown in fig-

ure 1. Measurements are carried out fol-

lowing three basic steps:

1. Start the measurement and verify it
with a reasonable path attenuation so
that the maximum bandwidth is
achieved.

2. Increase the path attenuation and ver-
ify the half transfer rate point.

Disturbance

Distance between BT

% Distance between AP and BT

;5;

PCt.2

~

Distance between AP and PC

Fig. 1. Measurement setup.
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3. Proceed with the measurements.
Comparing our measurement results
with published data validates the devel-
oped reference measurement approach.

Coexistence of WLAN and

Bluetooth Services in the ISM Band

In public locations like airports, confer-

ence rooms, and exhibition halls, 2 or 3

WLANS or even more need to be co-lo-

cated for capacity reasons. The co-located

WLANSs use different carrier frequencies

with a minimum separation of 30 MHz or

a shift of 6 channels. The number of avail-

able adjacent channels is 13.

The measurements were made with the

following setups:

— One WLAN channel disturbs Bluetooth
(fig. 2). Here, the degradation of the
throughput begins when the distance
between WLAN and BT is under 5 m
(80% value of throughput).

— Two WLAN channels disturb Bluetooth
(fig. 3). Here, the degradation of the
throughput begins when the distance
between WLAN and BT is under 11 m
(80% value of throughput).

— One Bluetooth disturbs one WLAN
channel (fig. 4). Here, the degradation
of the throughput begins when the
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Fig. 2. One WLAN
channel disturbs
Bluetooth.
Throughput is
colour-marked
from 10% (blue)
to 100% (dark
red).

Fig. 3. Two WLAN
channels disturb
Bluetooth.
Throughput is
colour-marked
from 10% (blue)
to 100% (dark
red).

Fig. 4. One Blue-
tooth disturbs one
WLAN channel.
Throughput is
colour-marked
from 10% (blue)
to 100% (dark
red).
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point

BT - BT
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Fig. 5. Distance terminology used in figures 2, 3 and 4.
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Fig. 6. Indoor

propagation
— measurements.
Signal strength
F'y
Slow Fading
Fast Fading
»  Time

Fig. 7. Signal fading.
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distance between BT and WLAN is un-

der 0.2 m (80% value of throughput).
The schematic drawing of figure 5 ex-
plains the meaning of the distance termi-
nology used in figs. 2 to 4.

Indoor Propagation and Fading
The indoor propagation environment is a
complex one considering
— room dimension, wall material, door
and window arrangement, room-to-
room arrangement, room-to-corridor
arrangement,
— furniture size, shape, material, arrange-
ment,
— influence of people moving around.
An example of an indoor propagation
measurement is given in figure 6. The
propagation path through the doors
and in the rooms can be observed. In
an indoor environment, LOS (Line Of
Sight) is the dominant propagation
path. The LOS condition is defined as
direct sight between the transmitter
and receiver, i.e. no obstacle inside the
Fresnel zone.
Figure 7 shows a typical fading effect,
where the fluctuation of the received sig-
nal with distance or with time is caused
by two kinds of fading, i.e. slow fading
(marked red) and fast fading (marked
green). Fading measurements and propa-
gation measurements show level varia-
tions of up to 22 dB in a closed room
and level deviations of up to 28 dB by
closing the door of the room.
A propagation environment composed
of fixed objects, for example walls,
doors, furniture, plants and other indoor
obstacles, causes slow fading, while mul-
tipath propagation and moving objects
like humans and machines cause fast
fading. Multipath propagation is the ef-
fect of reflection, diffraction or scattering
by obstacles near or between transmitter
and receiver.
In an office environment, slow and fast
fading are the main cause for wireless
communication problems. Because of
the big level variation, the reach of a dis-
turbance-free WLAN is even smaller than
the reach measured with free tools deliv-
ered with the WLAN equipment.

Conclusions

The reference measurements were per-
formed to verify the proposed setup of
figure 1. The results are in agreement
with the predictions and satisfy the spec-
ifications of the manufacturer.

The laboratory measurements show
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some relevant positive aspects: they rep-
resent a worst case measurement (with-
out reflections), provide stable results
and good quality, are reproducible, and
are not influenced by ambient perturba-
tions.

The propagation behaviour measure-
ments, which were carried out in an of-
fice environment, provide basic data to
plan a WLAN network. The results show
that the optimisation of a WLAN net-
work will be easier in big open spaces
compared to floors with a large number
of rooms, walls and objects. In addition,
mechanical vibrations and indoor / out-
door acoustical noise influence the prop-
agation mode and the signal level in a
significant mode.

In conclusion, our results show that in
order to ensure a reasonable QoS it is
necessary to allow for a sufficient margin
when planning WLAN networks.

Outlook

The reference measurement method de-
veloped will help Swisscom to plan
WLAN coverage in coexistence with
Bluetooth and other WLAN devices and
offer even better quality of service to its
customers. (3]

Enrico Blondel is currently deputy Pro-
gramme Manager of the Exploration Pro-
gramme “Electromagnetic Effects” at
Swisscom, Corporate Technology. Since
1991 he has been member of the EMC
team at Corporate Technology and
works as a specialist for power supply
and environmental testing. He began his
professional career in a R&D laboratory
for Telecom power supplies, and spe-
cialised later in EMC tests. Enrico Blondel
holds a BSc in Electrical Engineering from
the Ecole d’ingenieurs de I'Etat de Vaud
in Yverdon-les-Bains (EIVD).

Abbreviations

AP Access Point

BT Bluetooth

DECT Digital Enhanced Cordless
Telecommunications
Electro-Magnetic
Compatibility

Global System for Mobile
Communications

EMC

GSM

ISM  Industrial Scientific and
Medical

LOS  Line Of Sight

R@ Personal Computer

QoS  Quality of Service

RF Radio Frequency
WLAN Wireless Local Area Network

Zusammenfassung

Die Koexistenz von WLAN und Bluetooth

In der heutigen Unterhaltungselektronik wird bereits recht haufig die drahtlose
Kommunikation wie Bluetooth, Wireless LAN, HomeRF benutzt. Alle diese Gerate
funktionieren auf der gleichen so genannten ISM-Frequenz (2.4 GHz). Dieses Fre-
quenzband ist frei von Konzessionen und Bewilligungen. Die Verwendung
mehrerer Funkdienste im selben Frequenzband erzeugt aber gegenseitige Storun-
gen. FUr Swisscom bedeutet dies eine mogliche Verminderung der Dienstqualitat.
Diese kann vom Kunden falschlicherweise als Qualitatsproblem der Swisscom-
Netze interpretiert werden. Die Resultate zeigen, dass die Planungskomplexitat
der WLAN-Netze nicht zu unterschatzen ist, da raumliche Veranderungen die
Ausbreitung massiv beeinflussen konnen, positiv wie vor allem auch negativ.
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FORSCHUNG UND ENTWICKLUNG

Mac mit flachem Bildschirm

Auf der «Appleworld» in San Francisco
zeigte Apple-Chef Steve Jobs den lang
erwarteten ersten Mac mit flachem Bild-
schirm. Das 15-Zoll-LCD ist in Hohe und
Neigung frei einstellbar. Der neue iMac
besticht durch ungewdhnliche Formge-
bung. Das eigentliche PC-Gehause erin-
nert an einen Eskimo-Iglu: Weiss und
halbkugelformig tritt der PC ganz hinter
den Bildschirm zurtick. Damit kann man
auch bei Nicht-Apple-Fans durchaus
Designpunkte sammeln. Diese Personen-
gruppe hat man bei Apple ohnehin im
Blickpunkt mit der bereits vorgestellten
Bedienoberflache «Virtual PC», die auf
dem Mac unter OS X einen IBM-kompa-
tiblen PC simuliert. Ob der Weltmarkt-
anteil von Apple (geschatzt etwa 3%)
dadurch steigen wird, muss sich wohl
erst zeigen. Je nach Prozessorleistung
wird der neue iMac zwischen 1300 und
1800 US-$ kosten.

Apple Computer Inc.

1 Infinite Loop

Cupertino

CA 95014

USA

Tel. +1-408-996 1010
Homepage: www.apple.com

Eine Milliarde Transistoren

pro Chip ...

... erwartet Intel fir seine Prozessoren im
Jahr 2007. Wie dramatisch diese Ent-
wicklung ist, zeigt ein Vergleich mit dem
Pentium-4-Prozessor, der es in der 2,2-
GHz-Version heute auf mehr als 55 Mil-
lionen Transistoren bringt. In nur funf
Jahren das Zwanzigfache an Umfang —
das ist schon ein gewaltiges Ziel. Chips
mit dieser Anzahl von Transistoren wird
es schon friiher geben: Ein 1-Gigabit-
DRAM wurde bereits die Zahl von einer
Milliarde Transistoren tberschreiten (und
solche Speicher sind schon vorgestellt
worden, sind aber noch nicht in der
Serienfertigung). Nur sind Speicher we-
gen ihrer hohen Zahl gleichmassig struk-
turierter Zellen leichter herzustellen als
komplexe Logikschaltungen oder Prozes-
soren.

Intel Corp.

3065 Bowers Avenue
Santa Clara

CA 95051-8126

USA

Tel. +1-408-765 8080
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