T
¥ =
it V-

B White Paj
March 20
A quick-( f
radio-plant
wit .', e

L

e )
W == Mobile

Software solutions in radiocommunications




Abstract

This white paper provides a radio-planning workflow for WiMax technologies with ICS telecom.

It focuses not only on fixed and nomadic WiMax that have heavily being tested and deployed all
over the world, but also provides dedicated planning methodologies for mobile WiIMAX . Since the
early ratification of the 802.16e standard by IEEE, WIMAX becomes eventually mobile, enabling

roaming between cells.
The provided workflow is divided in three parts :
9 The coverage model allows the user to dimension its WiMax network.

1 The capacity model will ensure that the WiMAX BS won't be overloaded due to the traffic

requests of the CPEs or Mobile Units.

1 The spectrum model  will minimize the interference areas, and update the achievable traffic

in the WIMAX network designed.
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A QUICK-GUIDE TO 802.16E RADIO-PLANNING
WITH ICS TELECOM

Note : all provided values are FOR IN FORMATION ONLY

1 Required components

requires several inputs such as digital cartography

as being aware of the spectrum available.

want to simulate, having a good knowledge of the minimum Quality of Service

, technical param eters of the equipment(s)

In order to perform an accurate WiMAX radio-planning of fixed, nomadic type or mobile type, ICS telecom

you

you want to ensure, as well

Sesctin Duplexing mode m‘,r.,“_ﬂ‘. iwict m FFT size [EEE St \dard
34003600 10D 35 256 06162004
o0 35 00 ED % 05,16 2004
3400 3600 T0D 7 256 806.16.2004
TS 7 | et
57255850 T0D 10 256 806162004
A_za:n_zsao 100 IJ&.__i. 10, 20 1728, 51711‘&4_:_29@ 802 160
24952690 T00 4375 512 802.16e
2495 2650 oo .79, 15 1024 802160
23002400 T0D 1.25,5,10, 20 128, 512, 1024, 2048 §02.160
3300 3500 100 5 512 802,160
33003600 FoD 15 512 60216
3300 3500 HEDD 35 a2 802,160
33003800 ToD 4375 512 #02.16e
3300 3900 00 125,45, 10,20 128, 512, 1024, 2048 B0Z. 160
3300-3%00 TOD 7.10 512, 1024 602160
3300 3900 Foo i1m 512, 1024 802 160
3300-3%00 HFDD 7,18 512, 1024 802160
Different 802.16 profiles
Definition Devices Locations Speed Handoffs 802.16-2004 802.16e
P : 802.16-2005
. Outdoor CPEs . .
Fixed access Indoor CPEs Single Stationary No Yes Yes
. Indoor CPEs . .
Nomadic access PCMCIA cards Multiple Stationary No Yes Yes
Portahility Laptop PCMCIA Multiple Walking speed Hard handoffs No Yes
mini cards
Laptop PCMCIA
Simple mobility m;r[n;ﬂc;a:;ls Multiple Low wvehicular speed | Hard handoffs No Yes
smartphones
Laptop PCMCIA
Full mohility “’P"[')';::;'S Multiple High vehicular speed | Soft handoffs No Yes
smartphones

Different types of WiMAX




1.1 Cartography

The choice of the cartography to use depends on the type of WiMAX radio-planning to perform :

2/35

1 Large scale WiMAX networks would require Medium Resolution cartography

1 Close range WiMAX network analysis would require High resolution cartography.

Low resolution data

Medium resolution data

High resolution data

. DTM at 30m
. Clutter file giving different

.DTM at 2m

the cartography

Interchannel interference
between the Base Stations

Handover map of the network

Typical . Building height file at 2 m
DTM at 500m urban and vegetation heights as e
content . Type of building map at 2m
aggregates
. True-orthophoto
. Topographic map
Network dimensioning )
High-end OFDM coverage of a
Capacity and QoS analysis of an
Not advised because of few base stations
) entire network )
Typical use |the lack of accuracy of Detailed throughput and

interference analysis on a hot-

spot

Different cartographic datasets for different planning methodologies
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2 Project setup

WIMAX radiaplanning in ICS telecom works on a project base. The project specifies :

1 The area of interest;
1 The cartographic layers to use for calculation and display purposes;
1 The base stations location and their corresponding technical parameters and coverage;
1 The CPE locations anl their corresponding technical parameters (Fixed/Nomadic WiMAX);
T The calculation (propagation model, coverage thresh
%
Open praject... | I 480216 planning'Project MRLE02 16.FRO | Mew project | |§"'§;‘g{;g"|5','a|ed | DTH resampling I‘I
Content
Type | File Mame | Statys | Size | Compatibility |
Digital terrain model [.GED) D:4802.16 planningsCartography MRNS0Z.16.ge0 QK 1.98 Mb - Load |
Map image [.IMG) D:4802 16 planningCartography MANE02.16.img ak 093 Mb ak
Color palette [PAL) D:4802.16 planningsCartography MRNE0Z.16.pal QK 0.071 kb -
Cluter layer [.50L] D:\BOZ 16 planning\Cartography MAMIO2.16 30l oK 0.93 Wb oK Cames! |
Building layer [ BLG) undefined - - -
“Wectar layer [VEC) undefined
Map server file [ MAF) undefined - -
Parameters [.PRM) D:4802.16 planningsProject MRYS02 16 MR.PRM QK 0.02 kb
Metwork objects [EWF) D:4802.16 planningProject MARYWS02 16 EWF ak 827 Mb
User color palette [.P11)] undefined - -
Result [[FLD) undefined
| Browse... || Open E=plorer |[f0r drag and drop)

The project manager window in ICS telecom
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3 The Base Stations network

3.1 Import
There are number of ways to add a base station on the map :
1 Manually
1 Using coordinates
| add station 3 Tu/Rx
re-center DF
change map... from coordinates...

Adding a site using its coordinates

1 Import from an Excel spreadsheet

| Irmport from azcii file... I
M
Cal1 Cal 2 Cal 3 Cal 4 Cal & Cal B Cal 7 Cald Cnl9
ICaIISign ;I I Infal1] ;|>< ar long ;I IY or lat ;l Coordocode ;I If-\ntenna [m] ;l.-’-'l.zimuth M| LI I Tilk [*] ;l T« frequenu:_lll
Record | Coll | Cal2 |coz |co4  |cos | cos |co7 | cola| cas
1 Callsign Infol1] ®o o Codelut  Antenna [m]  Azimuth (7]
2 BS25ecl Bazestation 2 -0.27419 4619296 4DMS 25 il
3 BS25ec2 Bazestation 2 027419 4619296  4DMS 25 an
4 B525ecd Basestation2 -0.27413 4613236 4DMS 2h 1an
5 BS525ecd  Baszestation 2 -0.27419 4619296 4DMS 25 270

Import of a site list from a spreadsheet

1T Connection to an ODBC/ ADO compliant exchange tabl e

Yary f=]
_Fhargr. | A0 CYogen TiediCS waceddaTiCY2HOR - S2A2 00 Un
Y MO A & ~ Y] . pPuAie 1 Shpom wwag
1 | aapmmance |
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- BTALSH e InM_ Tim itwne [ lode [rmaen
- ALOFE5S (AL Calvgry o 99 Aml
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Integration of ICS telecom into an ODBC/DAO compliant database management software
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3.2 Optimize the base station locations

ICS telecom features different ways to find the best locations for a WiMAX BS (Identification of the highest

point in a given area, site searching from the prospected CPE locations..).

One way to proceed would be to display on top of the Area of Interest a pattern of hexagonal shapes, and to

place an omni-directionnal BS in the center of each cell.

= :
alacid Shaps szs ). [2000 Geaeial | Pateins | Chennels | Site | Advanced |
" Square Supercel size fm) [T - Signal I
~ ;
Neos Giid oveslsp %] [T [TuRra | |'winax P35M FOD x| T =15
L -
Tx/Rx
Neanal powes (/) |251 16333 Hovzonld pattein Vedca paten

Dwaric(@8l o (% Standudsddenna |
Txarpun(@ G50 | MMO/adepive antecns 1
Rxentoun@il frios | MNoawws [T [
Txaddbsses(@B) [000 | Axpk GV CHOCOM
EIRP [T 85215 :
meu:l;-Jﬂzl ]| el fim

Artenna height (m) IKZOO
Tx bandwicth (KHz) |35m,ao
Ax bandvacth {KHz) |35;(|oo

WiMAX Macrocell technical parameters
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Raw distribution of the WiMAX macrocells in ICS telecom
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The size of the cell should be smaller than the expected coverage range.

Theoratical evaluation of the dewnlink cell radius of a tisectorial
Wiklax BS (16 MHz B'W)

]
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Cell radivs: downlink gan)
s

[T

1 2 3 4 § & i ]
Miaz hit rate (Mepsy
| wDwwnlinik Rerege - Dans otan mOwnlink rage - Liban |

Thearstical evaluation of the uplink connection radiug of &
trieectorial WiMax BS (25 MHz BW)

1 2 3 4 5 ] 7 8
Haw it rane (Mhps)
|mUpink Farge - Dossa wban miphnk mega - Libas |

Downlink i 3 sectors

Uplink i 3 sectors

Thearatcal evaluation of the downlink cell radius of an amni
directionnal Wiktax BS (3.6 MHz B'W)

m B

Coll radins dawlink femy
& B E

(=T N L L ]

1 2 3 4 5 ] ' [
Max bit s (Mhpsy

|wDownkris Rasge - Doreae whion wOowsbik ranga - Uiban |

Theoratical evaluation of the uplink cornection radiue of an omni
directionnall WiMax BS (35 MHz BW)

1 2 3 4 § ] ¥ [
Ry bit rie $ps)

| m Ui Reanges - Diareas b mUighis sarag - Urkears |

Downlink - Omni

As a worst case scenario, definng a cell pattern of 2 km in a urban area guarantees on a good theoretical

coverage, including the relevant fade margin.

Uplink - Omni
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The next stage is to replace the Base Stations on the highest points  within the cell, and to remove the

inadequate BS (in black here below).

Filtering the relevant WiMAX macrocells

The next step is to calculate the corresponding coverage in order to decrease the density of the BS distribution

while the coverage goal is still achieved.




