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M otivation for Indoor Wireless

> Flexible, rapid network deployments are needed
where people work

» Manufacturing and military environments are hostile,
with noise, moving equipment and are difficult to
maintain & keep clean.

» Building environments require networks to be
hidden behind walls & above ceilings.

» Wireless communications will evolve as the primary
medium for in-building & campus networks in the
next decade.
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Why Campus/Indoor Wireless Cover age?

» Public areas, offices, classrooms need coverage

» Huge need to move in-building users onto in-
building networks where interference is confined
within building walls -- avoids saturation of
outdoor network

» Consumers are adopting wireless appliances for
ubiquitous coverage - capacity needed In
buildings where people live, work, recreate

» Carriers and building/tower owners can offer
savings through integrated services and billing
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Wireless Access | ssues in Buildings

» Buildings and Campus enterprises need
planned wireless internet and cellular/PCS
strategy.

» Campus environments require design tools
that support ongoing facilities management
and maintenance for expansion and
upgrades.

» In-building wireless deployment in its infancy
but will explode with Wireless Office,
Wireless LANs, Wireless Video, VolIP,
Bluetooth, and Wireless PDAs.
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|n-building Service Type

» Cellular, PCS, WAP
» Wireless Office Service
»Wireless LAN (IEEE 802.11)

» Wireless PDAs (Compag
IPAQ, Handspring)

> Wireless VolP
> Wireless Video
> Bluetooth
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Design Objectives

»RF Performance

»Cost

»Specific Customer Requests
»Ease of Installation

>»Ease of Maintenance
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|ndoor RF Fading Statistics

Rayleigh | Rician

Bottom Line:

» Indoor Environment is More Forgiving

» Use 17 dB C/(I+N) for I1S-136 or PDC

» Use 13 dB C/(I+N) for GSM or GPRS

» Use 7 dB C/(I+N) for 1S-95 or CDMA 2000

» Lack of substantial multipath inside
buildings renders RAKE useless
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| ndoor Radio Noise Sour ces

»Computers

»Rotating Machines

»Power Distribution Equipment
»RF Heating Equipment

» Transmitters
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Design/Planning History: Macrocell Design

» Original use of planning tools was for outdoor
cellular networks - RF design and planning.

»Planning decisions and tower placements
could be simulated and analyzed prior to
deployment.

» Design strategies and techniques improved.
» Cell tower placement became more efficient.

»Lacked asset management or document
support.

» Difficult to track installed tower infrastructure.
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Millions of Buildings ... soLittle Time

How can we quickly design systems?
How can we compare technologies?

How can we save and communicate
designs?

ow will integrators become designers?
How will vendors verify design guidelines?
How will building owners track hardware?

How will we manage and maintain the
In-building infrastructure?
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VA Tech MPRG Research

» Early in-building propagation work.
» Decade of measurement experience.

» Decade of modeling and optimization
experience.

» Decade of Industry suggestions and
practical advice.

» SitePlanner is the result of over 30 years of
student research.
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VA Tech MPRG Research (cont.)

» MPRG students and staff researchers have
contributed to the body of knowledge used In
the SitePlanner concept:

Scott Seidel, Joe Liberti, Dwayne Hawbaker,
Ken Blackard, Alan Fox, Roger Skidmore,
dine Ghoreishain, Greg Durgin, Neal Patwarl,
Ray Lovestead, Ben Henty, Brian Gold,
Charles Lepple, Bob Boyle, Kirk Carter, Juin
Siew, Wesley Rios, Manish Panjwani
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SitePlanner: Planning, Design, and

Management for In-Building Networks

» Provides rapid system design of complex
technologies while minimizing costs and meeting
coverage and capacity needs.

» Indoor wireless coverage is non-intuitive and
complex, but SitePlanner provides huge
cost/time savings and rapidly trains the user.

» SitePlanner allows flexibility and rapid “what if”
designs to meet specific needs of customers.

» Easy visualization of proposed systems.

» SitePlanner provides simultaneous performance
analysis, wireless equipment tracking, project
documentation, and asset management!
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The SitePlanner® Design Environment

C InFidder® )

ultra-portable
3-D site-specific

4 Optimati @ )
optimize 3-D
wireless designs

\_ measurements Y

T~

using field
\_ measurements /

 BDM™

3-D site modeling
and archiving

" Predictor™ )
3-D site-specific

\_ environment .

design, prediction,
\asset managementj




Common Uses of SitePlanner

» Common software platform provides sharing of designs
and “as-builts” throughout an organization or across
users on a project.

» Allows vendors, consultants, integrators, and
manufacturers to share and archive designs.

» Provides an objective “level playing field” for all in-
building design, deployment, and optimization work.

» Allows new hires or inexperienced personnel to become
rapidly proficient in the field of in-building wireless
design, specification, or integration.

» Provides retrievable records of all aspects of an in-
building project, for quality audits and maintenance.

» SitePlanner can be shared by engineers, facilities
managers, and accounting staff from cradle-to-grave.
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Collected
measurement
data points
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® Now with a Palm Il1c using InFielder® PDA
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Documenting Your Design

> :)I ans Antenna End Detal
»lLegend

» Detall Drawings
>Backbone Diagram |
» Bill of Materials ol Low ot £+ )
»Photo Sims T
> Files Stored Safely |

ooooo

SitePlanner®does all of this!
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Fiber Remote

Leaky Feeder

Antenna

Components are picked

from a customizable Parts

List Library consisting of

more than 3,000

components from over three
| ‘ dozen manufacturers

Point and click with the mouse to visually position wireless system components such as cables, antennas,
amplifiers, splitters, in the building!
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SitePlanner® Built-in Components

Database

Select Antenna from Databasze to Add
Manufacturer: IDE:iI::EI Products j -
antenna:  DBE7EHI20............ Decibel 120 Deg 14 0B Gain........ oo B
Fs DBESE HED........co Drecibel B0 Deg 15 B GaIR. o a
~ Dnentation: LADBAAHED............... Decibel B0 deg 13 dBd gain panel @ntenng.. ..., i
— Ahout Z-auiz| DEEIEHED... Decibel B0 deg 16 dB gain panel antenna..........c e,
DEISE00E0-M.............. Decibel 30 Deg. 13.5 dBd Gain PCS -45/4+45 Antenna.......ooe,
0 DEIF4HA0 ... Decibel 11 dBd Gain 90 Degree AnEERna. ...
: DBSBHA0M. ... Decibel 30 Deq. 14 dBd Gain PLS BRbEANA.. ... e
e DEISOHIOM................... Decibel 30 Deg. 15 dBd Gain PCS Anbenna.....o
DEFS1ISE0F-C............. Indoor Tx/Hx Antenna, B0-ohm, S0%W att, F-Female™.
<<-BaDBTHISTRF-C............ Indoor T=/Rx Antenna, Fo-ohm, 0% att, F-Female’.
DE7FITSE0N-C............... Indoor Tx/Rx = 10 dB F/B ration Antenna, B0-okhm, 50Watt, N-Female™................... i
Parts List Library contains thousands of antennas, amplifiers,
cables, splitters, and leaky feeder antennas.
Quickly and easily analyze design tradeoffs in terms of cost and
performance with the click of the mouse, while creating a
complete bill-of-materials and cost analysis.
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SitePlannere | nstant Point
Predictionsfaor placments

. Position: [-41.3, 35.1]
:-56.8 dBm

:  Position: [-41.3, 35.1]
RS5I1:-80.9 dBm

otal Composite H351. -5b6.5 dBm

Simply move the mouse cursor
and watch in real-time as the
composite system coverage is
updated and displayed at that
point instantly!




Automatic Bill of Materials

Bill off M atenals For Cunend Dravwing

I

b

bee

f.HTEHHﬁ S TEM CUOMFUNENTS:

-MEMIE:  Type N Z-veay sollle
| TYPE: COMMECTOR

MaMUFACTURER. Haida
PART HUMBER: CEL30&02
FREQUENLY:  B20-315 MHz
LOSS: 050 dR

POSITION: 1785, 37.9.55
PHYSICAL COST: 0000
INSTALLATION COST:  S000

HSMIE:  Allgor B Degiee B d8d Gan Arlenna
TYPE: AMTENMA_POINT
MAMUFACTURER: Aligon

PAAT HUMBER: 742

FREQUEHNCY: 500 MHz

PATTERM FILE: T143_21, ani

FLOOR 1

POSITION: 1763, 9749.55

PHYSICAL COST: 40,00

INSTALLATION COST:  $0.00
CUMULATIVE LOSS TO ANTEMMA: 05 dB

HAME: 172, Flarum ssaes AADLEK radisting csbls™

THPE: AMTEMMA_LEAKY
MAMUFACTURER: Aredew
PART HUMBER: F=Pa:2
FREQUENCY: 500 MHz
LEMGETH: 7241 m (23756 1)
LOSS PER 100m: 231E04E
TOTAL LOSS: 170948

| Werbew b -1TES 878,55

SitePlanner® Automatically
tracks full bill of materials
for your design

Automatically tracks both
physical and installation
cost for all components

Enables least-cost design

Sawe to ASCI Fie

| [T
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Capabilities of SitePlanner

e Accurate prediction of Signal, Interference
« Allows frequency planning and management
« Documents and archives network layout

 Transportable for users throughout
enterprise

 Provides cost and performance datain a
single, integrated software environment

o Useful for all wireless or wired technologies
within a building or campus environment
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SitePlanner ® M acr ocell

Modeling of Chicago
RSSI -50 dBm —

0.33 km




Predicting Data T hr oughput

o SitePlanner predicts RSSI but often we are
Interested in actual user data throughput

« We desired to identify gross features
between predicted RSSI values, number of
network users, and end user throughput in
IEEE 802.11b networks.

 The SitePlanner environment supports
general modeling for measurement data

« We developed network measurement tools
that could measure end user throughput and
RSSI simultaneously.
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Wireless LAN Planning: LANFielder ™

and SiteSpy™ Overlay with SitePlanner

| Thomsggud  PacketSize | SovgleTiew  PacketEnor Fise PackelLswncy | Localion |
f:::ﬁ::? :m* Bl bedar 45 oo 101 et 01 wrillesconck  Floor 2005 rsbers, Sascdionun, On degs
Suomia mme Mue e e ket [SAE
Measurement PIRIRIT) Anmtars Moobery  Fovuig ' ’
results that you — p— .
can understand x*“:
without being e s o 19268111 espont 11 BT PER 0. Loy 1928 E
an RF Engineer [ v st [emtio] Seitriz]
Fewrais §arem T Gamrven
[| 1. R EE T I h—-unzlr;m
mmsnm — tﬁ- N [ SR — __ shumen | )
[llm x| mpAdd 1521681115 Disconrect
) Coomreaciad b 192 168L1.7 Hesst . .
[I""“ﬁ e T Provides wireless data network
measurement

pomcom o Lm using client/server technique
mlﬁ"—;l CEC | -

S Cument Fﬂﬂ!ﬂﬁmﬂﬂm
il 5 hutgiorer
Pachal Lalercy: 1051 milkeecond:
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L ANFielder Throughput M easurement

Softwar e

Chand | Theoughpst  PecketSioe | Sawple Toe | PacksiEpctRsie Packellslency | Locséon |
SS9 Morduing b

@ 132168081 55048 Wbps Fell brtmr A5 pecorads 01) peagerd 01 wllizecords  Flooe 20005 mesbery, dysciienars, e shage

@ 152163051 209 B4 kbps 56 byax I mcondy 01 peagard QB rdipecords (250, 33 1H

2152162 115 RIS 53 ke 1472 beples 15 pecorads 07 peigard 18 8 millyeconds  Floor 10075 leet. Fsom 3, Kosh vl

J='|E:“'|E?' i3 Remcls Sarrm Hin Mordong Forragndirg

i!?'lEﬂll'l Swdihrg 15 pack el ape ol B Bptas H
Conreched with 142183119

929631 159 Dpaning debs connechon
arvad data hom 152 1621115 dwoughpast E18 142 PER QU0 Lstarey 13051

wraiid data o 1221620015 heoughpi E11.883, FER. 0D Leberesy 19245 j
e [ 5ot o | St Mt
Pt Sumvet Thi Tatn
|- - R N | | Soveradess. ben 18216017 L |
— Conechons: § chents connecied

Mardining Sero 192 168113
o Dttt b Mondor M il I T Famaard iscasmed mespages Srwtdown I

» Client/Server based architecture

» Server can be left unattended and echoes all test
packets back to clients

> Allows field measurements that can benchmark
and optimize network
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Test Packet For mat

o Client transmits test
packets to server

%) L ANFielder Client

 Data payload can be varied oo sewmonm
In size i S ottty —'|
« Test packets transmitted e 77 e |
during variable averaging e
Interval

Throughput; 522 837 kbps
Place Marker Packet Error Rate: 0.0 percent Shutdown Client
Packet Latency: 18.91 millizeconds

]

PHY PHY MAC Ethernet | IP UDP MAC
Preamble | Header | Header | Header Header Header Data Payload Footer
9 bytes 6 bytes | 34 bytes| 14 bytes | 20 Bytes | 8 Bytes | upto 1472 bytes | 4 bytes

< >« >« >
1 Mbps 2 Mbps 2,5.5 or 11 Mbps

) A\ AT
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Uses an APl to a CISCO
Aironet wireless LAN
card to measure signal
strength, noise power,
and wireless LAN
operating parameters

Frequent polling of
received signal strength
and noise power for
accuracy

Remote network
monitoring
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D Mama

| Deta Walue =

by IF Aucddreas

Sagnied Strength

Moiza Stength
Tearamit Bandwadth
WLAMN Upoale lniensal
Sesgragimg Inbernasd

HF Channel

128173 85 237

-40 dBm [-4903 cBr mag)
-97 dBm (-95 5 dBm =)
11.0 Mbgs [11.0 Mbps eag)
200 miliseconds

5 seconde

Cheanned 1. 2427 bHz
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M easur ement Campaign

» LANFielder and SiteSpy used in a
measurement campaign of two testbed IEEE
802.11b Systems:

= \WaveLAN ORINOCO (Lucent)

= 3Com AirConnect

> LANFielder used to record measurements in
a campaign designed to explore a typical
wireless LAN installations

» SiteSpy used with an interference system
consisting of a DSSS IEEE 802.11
BayNetworks equipment to generate
Interference
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SitePlanner M odel of Environment
with RSSI M easur ements
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Throughput M easurement Setup

— y /

Wireless \

/ Links \:\
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Quantifying Net Interference

Desired Transmission

Interfering |
Transmission

RSSI{AP,. Cy)

STR,. = - , _ _
"7 mean{ RSSI{AP. AP + BRSST{C,. AP, RSSHAE, Cy) + RESI{C;, Cq)))

Source: B. Henty, “Throughput Measurements and Empirical Prediction Models of IEEE 802.11b Wireless LAN (WLAN) Installations,” Master's Thesis, Virginia Tech,
Blacksburg, VA, MPRG-TR-01-08, August 9, 2001.
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Throughput Prediction M odels

» Prediction models developed based on
measurement campaign data.

» MATLAB used to compute model parameters
based on best fit and local minima fit
techniques.

» Models designed to be intuitive and easy to
Implement in software prediction tool.

» Constrained models were also considered
which predict zero throughput when SNR
reaches zero.
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Linear Model Mapping SNR to Throughput
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Source: B. Henty, “Throughput Measurements and Empirical Prediction Models of IEEE 802.11b Wireless LAN (WLAN) Installations,” Master's Thesis, Virginia Tech,

Blacksburg, VA, MPRG-TR-01-08, August 9, 2001.
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Exponential Model Mapping SNR to

Throughput

T - = b Fattd - - ket
= | normal e ;
%ml E %Iuﬂ-

— g Sy L T U
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WavelLAN
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E constrained i 1

— e e
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q 1] - i 3 -|Ii :-I :u ]
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Source: B. Henty, “Throughput Measurements and Empirical Prediction Models of IEEE 802.11b Wireless LAN (WLAN) Installations,” Master's Thesis, Virginia Tech,
Blacksburg, VA, MPRG-TR-01-08, August 9, 2001.
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WavelLAN
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Results, M ultiple Users and

Access Points
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Source: B. Henty, “Throughput Measurements and Empirical Prediction Models of IEEE 802.11b Wireless LAN (WLAN) Installations,” Master's Thesis, Virginia Tech,
Blacksburg, VA, MPRG-TR-01-08, August 9, 2001.
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| nter ference M odel

T:.(SNR, SIR) = Ti(SNR) — Tioss—int(SIR)
ﬂﬂﬁﬂ—iﬂ-f(slﬁ) — Ai * SIR + Br

« Based on single user model

* T,,.s.int 2added to reflect loss in throughput
due to nearby interfering wireless LAN

 SIR calculated as described previously and
using the following equation:

RSSHAFP;. C))

SR, _ T d) _ . .
FHy, mean(RSSI{AP;, AF;) + RSSI(Ci, APa)). RSSI(AF:. Cyq) + RSSI(C;, Cq)))

Source: B. Henty, “Throughput Measurements and Empirical Prediction Models of IEEE 802.11b Wireless LAN (WLAN) Installations,” Master's Thesis, Virginia Tech,
Blacksburg, VA, MPRG-TR-01-08, August 9, 2001.
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| nter ference Modeal Results
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Source: B. Henty, “Throughput Measurements and Empirical Prediction Models of IEEE 802.11b Wireless LAN (WLAN) Installations,” Master's Thesis, Virginia Tech,
Blacksburg, VA, MPRG-TR-01-08, August 9, 2001.
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WavelLAN
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Two User with Interference M odel

Multiple Usersand Access Points
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Source: B. Henty, “Throughput Measurements and Empirical Prediction Models of IEEE 802.11b Wireless LAN (WLAN) Installations,” Master's Thesis, Virginia Tech,
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Predicting Throughput Directly from

Predicted RSSI and | nterference Values
from SitePlanner

» Throughput was predicted directly from a
model of the measurement environment

» Predictions performed by combining Motley-
Keenan'/Siedel-Rappaport® pathloss model
with developed throughput models

» Results show accurate prediction of site-
specific throughput

1 Motley, A. J.; Keenan, J. M. P. “Personal Communication Radio Coverage in Buildings at 900 MHz and 1700 MHz,” Electronics Letters. Vol 4,
Issue 12, p. 763-764, Jun 1998.

2 Seidel, S. Y., Rappaport, T. S., “914 MHz Path Loss Prediction Models for Indoor Wireless Communications in Multifloored Buildings.” IEEE
Transactions on Antennas and Propagation, Vol. 40, No 2, p.207-217, Feb 1992.

) A\ AT
i ,b,,‘,u-" YA

.'l;'“'l||| \ IPRG

Virginia
T ech
WP <o state university o TOTE ©2002 T. S. Rappaport



Case Study: WLAN Design

» 100,000 sq. ft., multi-story academic
building on the University of Virginia
Tech campus.

»Technology:
« IEEE 802.11b, 2.4 GHz DS-SS Wireless LAN

« 11 Mbps Cabletron RoamAbout access
points and modems (Lucent/ORiINOCO OEM)
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10 minutes from CAD file
to SitePlanner model
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seconds
on P11 300

Predicted signal strength
for 3 Wireless LAN Access
Points
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Visualizing WLAN M easurements

Required < 1 minute on a Pentium 11 300 MHz PC
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In-building/campus systems proliferating rapidly
Engineering work load increasing rapidly

Technology cost comparisons vital for
deployment efficiencies

Visual and textual records required for common
procedures and shared strategies, archiving

802.11a/b/g will require rapid and accurate
deployment and maintenance methodologies

SitePlanner® facilitates cost and time savings
for rapid deployment and ongoing maintenance
for any in-building or campus system
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