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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 WiMAX. 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 :
e The coverage model allows the user to dimension its WiMax network.

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

requests of the CPEs or Mobile Units.

e 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

In order to perform an accurate WiMAX radio-planning of fixed, nomadic type or mobile type, ICS telecom
requires several inputs such as digital cartography, technical parameters of the equipment(s) you
want to simulate, having a good knowledge of the minimum Quality of Service you want to ensure, as well

as being aware of the spectrum available.

34003600 10D 35 256 06162004
o0 35 Fo0 ED % 0516 2004
3400 3600 T0D 7 256 806.16.2004
W00 | F00_ 1 £ 80516 2004
57255850 T0D 10 256 806162004
I 50 125,507 | 10,37, 1024, 2080 | w26
24952690 T00 4375 512 802.16e
2495 2650 oo 075, 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 T00 129,49, 19, 20 128, 512, 1024, 2048 802,160
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 :

e Large scale WiMAX networks would require Medium Resolution cartography
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e Close range WiIiMAX network analysis would require High resolution cartography.

MR cartography

Low resolution data

Medium resolution data

High resolution data

. DTM at 30m
. Clutter file giving different

. DTM at 2m

Typical . Building height file at 2m
DTM at 500m urban and vegetation heights as
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

the cartography

Interchannel interference
between the Base Stations

Handover map of the network

interference analysis on a hot-

spot

Different cartographic datasets for different planning methodologies
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2 Project setup
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WIMAX radio-planning in ICS telecom works on a project base. The project specifies :

e The area of interest;

e The cartographic layers to use for calculation and display purposes;

e The base stations location and their corresponding technical parameters and coverage;

e The CPE locations and their corresponding technical parameters (Fixed/Nomadic WiMAX);

e The calculation (propagation model, coverage threshold...) and display properties.

Em]eci manager l !

Open project. .. | I

480216 planning'Project MRLE02 16.FRO

| Mew project | I

| DTH resampling I‘I

| Browse... | | Open E=plorer |[f0r drag and drop)

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

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 :
e Manually

e Using coordinates

| add station * Tu/Rx
OF
from coordinates. ..

re-center

change map...

Adding a site using its coordinates

e 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

e Connection to an ODBC/ADO compliant exchange table (Access©, Oracle®©, Foxpro®©...)

Yary f=]
_Fhargr. | A0 CYogen TiediCS waceddaTiCY2HOR - S2A2 00 Un
Y MO A & ~ Y] . pPuAie 1 Shpom wwag
1 | aapmmance |
T STATON
- BTALSH e InM_ Tim itwne [ lode [rmaen
- ALOFE5S (AL Calvgry o 99 Aml
- T Ak FRECATACY Mg Frs PP
- o A oM POaER Pl e Y
&b coomo A M TEN Medsora hoe 106
-0} |m—szoness Adaun DT
e 101 [ w12
&b ey PowER - (12 a1 fe 112
D - )R iy PTON
b e & (000 % . P
& ossn M C00S0 Y ¥ e 106
&b (ossgem
b FREDUEACY et
& e
- PR
e
&b nnrson
& pomo
&b gD T
& L
AU
| - Tmi
- 6T
-T2
| ot » sl 8. >

Integration of ICS telecom into an ODBC/DAO compliant database management software




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..).
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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.

Cefls properties 0

+ Hexagon
" Squate
" Nens

Canlid comdnales:

[V Genesate stations [===)
™ Genaiate subscibers [

save J! A4 1D J Cloze I

_Lese |

TulRx parameters: 5002 none

Geaeral | Patteins | Channels | Site | Advanced |

Ty
|TuRra

T#/Rx
Nemnalpomes fw/] 25116898
Dyamic(d) o
Txantoan(di 1600
PFxantgan(dd 1900

Signal
v | 'wimax P35M FOD » |

Losses (B} b0 [oos0
Tx add bsses (dB] lum

EIRPW) [ 8152155
Frequency (MHz) [3800.00000 | .|
Avencaheiniim] 200
Txbandwich (KH2] [3E0000
Rxbondwath KHz) (3000

|20 arteana HeV (1 polarization)

=2
Hovzontd pattein Vedical paein
(% Standerd artenna

" MIMO/adapiive anterns (1]

No. anaye [T
Txpat Gy (" HEOCOM
RBept G YO HOCOM

Kpolat. dec () [000

WiMAX Macrocell technical parameters

W’m & :
s AR N Y

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)

]

B

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 — 3 sectors

Uplink — 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, defining 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).

Clutter code to place stalica (-1 1019, -1=all . [
AR s

Find min/max elavation [J=none, T=max, 2emin):

Maxrmum distance loe slevation (1 to 20 piels).

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.
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4 The WIMAX coverage

4.1 802.16 Propagation

A previously published white paper entitled “3D Propagation Modeling in an Urban Environment” (June 2005)
described the changes implemented in ICS telecom over two years ago in anticipation of demands to simulate
propagation specific to Fixed Wireless Access technologies. These developments include the ability to simulate
outdoor to indoor propagation (via absorption), the InterSymbol Interference effects of multipath

reflection specific to OFDM equipment (ray-tracing) and the “urban canyoning” effect, LOS, NLOS and nLOS

dsyvfm | dBm
112019

‘* MBC] Sack ‘
" _ v‘." > ?,‘1 " 5‘3 NG
BT

Deterministic simulation of the canyon effect in an urban
setting with ICS telecom’s ray tracing engine. Each building
along the possible paths (direct or not) become physical
obstacles to the signal propagation. Some constructive field
strength effects due to multipath reflection are highlighted with
blue circles.

Deterministic simulation of the canyon effect in an urban
setting without using ICS telecom’s ray-tracing engine. Each
building along the direct path becomes a physical obstacle
to the signal propagation. Cannot visualize the effects of
reflection.

In addition to the features specific to deterministic planning in high resolution cartographic environments,
several statistical algorithms (COST231, Okamura-Hata, ITM 122, ITU-R P.1225) have been integrated for
propagation analysis over medium resolution environments (30m-90m), if the appropriate model tuning can be
done. Given the prominence of the SUI Channel implementation of the Erceg model in the WiMAX
Forum, an open configuration of this algorithm is integrated for use with ICS telecom. However, the use of
these models for accurate propagation analysis for FWA/Mobile applications is still far from evident without a

proper model tuning.




4.2 Coverage calculation

The coverage of the network can for instance be calculated according to :

The sensitivity of the receiver in downlink.
The height of the receiver above ground level.

The maximum connection range in uplink.

Typical fade margins for the urban ground occupancies (in that case,
the corresponding clutter height is fixed at Om) and typical heights for
the vegetation (ICS telecom then calculate the signal loss by
diffraction).

T —
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Height of Rx antennas [m] [1 50

Digtance (k) {10,000

Wanted threshold | qpp .|

Perfarm missing coverage(s] [

| Model... || optiong... || Cancel

] steRT |

M

Clutter code Mame Attenuation (dB] Clutter height!]

0 Open 0o 1]

1 Utban 260 0

2 Dense whan  |36.0 0

3 irport 200 0

4 0.0 0

5 Lows Foliage 0o g

3 Hydro 0.0 [i

7 High urban 450 0

g Highfoliage  [0.0 15

9 M ain road 0.0 0

10 Fail track. 0o 1]
I | 100 dBm
I | 92 dBm
| 54 dBm
I | 7 dBm
I | 68 dBm
| 60 dEm
| | 52 dbim
I | -44 dBm
I | T
| 28 dBm
| | 20 dBim

WiMAX coverage plot of the
macrocells




4.3 Filtering the best BS locations
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ICS telecom can then select among this site list the BS covering the largest area and the most interesting

ground occupancies.

-
B <

. . .. -

I | 100 dBm
I | 32 dBm
| -84 dBrm
I | 76 dBm
I | -8 dBrm
| 600 dBim
| I 52 dBm
B | -44 dBrm
I | 36 dBm
| -28 dBrm
| I -20 dBm

Selected sites

Removed sites

WIMAX coverage plot of the

most relevant macrocells
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4.4 Sectorizing the Base Stations and analyze the coverage

Once the best site locations have been found, the BS can be sectorized (for fixed/nomadic WiMax).

Omni-directional i i ) 3 Sectors - ] 4Sectors

Coverage map (Tri-sectorial) Best Server map (Tri-sectorial)
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5 WIiMAX Capacity analysis

5.1 Bit rate / modulation map

A first stage is to display a map of the achievable bit rates according to the power received. Typical
values are given here below :

Typical sensitivities in fixed mode:

. Sensitivity | Raw Bit Rate DL fixed (Mbps) | Met throughput DL fixed (Mbps)
Modulation | Cods rate) ™ o 3.5 MHz BW 3.5 MHz B
142 -100 1.41 1.128
BFSK 344 -85 212 1.6965
142 07 2.82 22686
QPsk 344 -G 423 3.384
142 -0 5.64 4512
1BQAM 344 -85 8.87 7096
243 -83 11.289 9.032
BAQAM 344 82 12.71 10.168
»>=dBm Label
-100 [BFSK 3 1.41Mbps
.33 IBFSK%2.‘I2Mbps
a7 [QPSK 32 2. 82Mbps |_
84 [QPSK 3 4.23Mbps |_
a1 QM 16 % 5 64Mbps |_
88 [Q4M1E % B.47Mbps -
a3 [aMB42/3 11.25Mbp -
a2 [Q4MB4 % 12 71Mbps -

Traffic map (raw bit rates) of a
fixed/nomadic WiMAX network in ICS
telecom




Typical sensitivities in mobile mode:

. Sensitivity | Bit rate DL Mohile (hbps)
fodulation | Code rate dEm £ WHz B
QPSkK 18 -101 Below the noise floor
GRSk 182 G4 2.88
1BCAM 152 -85 5. 63
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5.2 The WiMAX CPE

In order to refine the
capacity analysis in
fixed/nomadic WiMax,
each CPE can be placed
and defined

individually.

[subscribes parameters |
Cabign fCFE Stecdar |
- Besc perameaters
Nomndpomer W) (01000000
Dynwic 4B (50
Tawtomn(®3 1700
Pasntgen(d®d 1700
Lomees (B) (w100 wfftc0
Tesddbosses(d®) oo
Fequency (MHd 370000000
Artenra heghl iml {150

Asesh 629 24
Tafer ey [Goe oo

Labsl

QP2 378 Neae

QPSK ) 228 Mbips

1600 45 65Nkps

Traffic map of a mobile WiMAX
network in ICS telecom




5.2.1 Radiation pattern

Each WIMAX CPE is configured using its corresponding radiation pattern.
It can be a standard antenna, or being adaptive (better connectivity, with

more resistance with regards to the interference).

Parent Base Station @ Parent Base Station @

hn’fﬂlnc Base Station /

Parented CPE

Imerfering Hause Station

CPE directive H pattern CPE adaptive H pattern
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— Patterns

20 antenna H+Y [1 polarization) _||_|

Falar: Tx / Rx
iy Sy
CH/CH
DO SR
CM oSO M

Diam/'size [m]:
ID. ]

 atd antenna

' mimo/adap
Mo, arraps:

F )

5.2.2 The 802.16 parenting according to the Service Flows

5.2.2.1 Throughput at the BS level

The user can make the choice between TDD or FDD type of equipment. The way the BS throughput is

managed is different.

For FDD systems, the user can specify one throughput value for the downlink, and one for the uplink.

Signal (20) Modkison 184
{wimax PIM FDD [1eame12m -l (A

§; o PN
Winax PEM FOD Tiwle pumtwh
‘Wimax PEM FDD

‘Wimax PTM FDD atho
‘Wmax P10M FOO Aloservod sid
\Wimas 1 75M TDD J ek and )
‘Wimax P26 TOO

‘Wimax P3SM TDD ﬂ
‘Wimax PSM TOD

Base Station

\Wimax PEM TOD

\Wimax PTM 700 pagng o)
\Wimax P1OM TDD

WIEAD 10D v st pand))

Todw Lty

DL Kt/ [5£7000 2y

UL KR/ fren00 || |

" BH rate cokulater X |
Spechd elicency BaMzl oo
Wac ovmhessipel [15T

i P




For TDD systems, the throughput is shared between the downlink and the uplink. This sharing is defined an

UL/DL duration ratio.

Signal [45] Modulation 18]
WinanF3M TDD  v| 164K 1/2 M1 |
ﬁ:mz: EEE*IMFB%D — Traffic parameters

i 200 e[
o
wimax PIM TDD Brlang fnoon

“fimax PEk TOD
*fimaw PEM TOD E
“fiman PP TOD

“wfirman F10M TOD
WIBRO TOD
T otal latenc

% pilot power ’D—
* paging powll] ’EI—
% zynch powl] ’D—
Mchipsds W
PH code ’D—

DL Khitdz |5n45_uu I
L Khit/z |824.DD I

UL/DL tire dur

Spectral efficiency [Bit'Hz) [1.00

ation [ratio) [-1=n/a) [n a9

Mac overhead [pcl: oo

Ok I Cancel |
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Base Station

U

N0

<+— Guard

L/DL duration rati

Band!
o
o
Q@

I Guard Band—»

)

.
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5.2.2.2 Service Flow at the CPE level
Each CPE has its own traffic request, in downlink and in uplink. But the way the traffic request is managed by

the BS depends on the type of connection that is used. These types are called Service Flows by the NWG of

the WiMax Forum®©.

QoS category Applications QoS specifications
Maximum Sustained Rate
UGS VolP Maximum latency Tolerance

Unsolicited Grand Service

Jitter tolerance

rnPs

Real-Time Packet Service

Streaming Audio or Video

Minimum reserved rate
Maximum sustained rate
Maximum latency tolerance
Traffic priority

ErtPS

Extended Real-Time Packet Service

Voice with Acitity Detection (VolP)

Minimum reserved rate
Maximum sustained rate
Maximum latency tolerance
Jitter tolerance
Traffic priority

nrtPS

Non Real-Time Packet Service

File Transfer Protocol
{FTP)

Minimum reserved rate
Maximum sustained rate
Traffic priority

BE

Best-Effort Service

Data transfer, Weh Browsing, etc...

Maximum sustained rate
Traffic priority

Depending on the customer profile, the user can specify per CPE what is its Service Flow repartition :

Tiddle poraroehers
Ko 200 g w PED
Moy |an actraly X hw
Lnes [u Edarg E, oo
Maebstency [ros] [0
_ Sarece fow. |
service Bow %]
oL LS
Trafo (biads) I'Eiz_(ﬁ— Traftic (Kbs) [12000
oLx uLs
UGS [1e UES [14 cotlmrion ben
EPSMPs [1n EfPS/PS (10 contenhon bee
Fs {gm s 500 I pecleniin
BE rﬁm BE {000 contenton
tod || sewe | cace | [ ]

Traffic request and Service Flows at the CPE level in ICS telecom
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5.2.2.3 The service Flow parenting

Once the user has defined the available throughput available at the BS level, and the traffic/service flow

requests at the CPEs level, a very detailed QoS analysis can be performed.

@ Connecting to best server - control service flow (802.16) Options
Pt 53 s R ¥ Extended reparnt

™ Connect orphan only

™ Do not connect if subscriber outside BS sector [start/end)
I Check reliabilty ] %t achieve:lm
[~ Check latency

I™ Adaptive modulation.. | |

Threshold | 40 .|

I Max distance calculation... |

Parenting 802.16 CPEs in ICS telecom

The 802.16 parenting checks :

4
,* Service fow... |

The priorities between the service flows

The fact that the service flows might be contention free (UGS, rtPS...) or contention based (BE)
The parenting in DL, then in UL

The maximum tolerable latency between the end user and the source of the signal

d
/
/ -
7, Traffic: parameters

i '\‘\a‘.“'@ _cale.| [e=]]

90210 Avrrss st/ Rhit/s |s1zo0 .4 o 12800

Mchips |2.840 activity % |00
Lines 10 Erang (0,000

/_/ P& latency [rg] ||3|j

Fiber

The contention ratio of each CPE
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e The adaptive modulation

The key parameter for traffic modeling (using adaptive antenna arrays or not) from a planning tool point of
view is the bit rate that can be offered for a given received signal level. This characteristic itself depends on
the modulation used, hardware algorithms, transmitting and receiving antenna specifications... The user can
specify its own traffic parameters according to the power received, it is then straightforward to deal with a
large set of scenarios. In addition, ICS telecom also includes features dedicated to adaptive modulation, to

offer the maximum bit rate according to the best modulation and the signal level received.

Adaptive modulation [ bit rate E

Delta [dB) / Threshold — Traffic factar [0-1] Clhmz

[ [1.00 (it delta]

Min. FSR |2_E| ID_EB S ave

e b

|6.0 j033 Load
IS'D ID'25 delta 255 =
{120 {017 infinite
|18_D ID_‘] 1 [max delta)
*_% 4000 * rgminal raic cemand
P "0 < W s dunare Thieshold ’TE -
o dBs above
MODULATION 3 Se nSItIVIty
X oo » Modulation | Bit rate [dBm] |the threshold]Bit rate ratio
Avaiable trafhc at the sactor = 2500 .MIW:A A
Tiafhe dammar {acapine msulabon] 1200 e \J BFSK%. | 1.41Mops | -100 0 1
T T BFSK ¥4 2.12Mbps -98 2 0.66
QPSK %2 2.82Mbps -97 3 0.5
QPSK % 4.23Mbps -94 6 0.33
QAM16 %2 | 5.64Mbps -91 9 0.25
QAMI16 % | 8.47Mbps -88 12 0.17
» The reliability of each CPE-BS link QAM®64 %/, | 11.29Mbps 83 17 0.12
[path reliabitey QAMG64 %, |12.71Mbps -82 18 0.11
—igants method
" CCIR R332 model
7 NA maodel
% Coastalareas
| Subhopical areas
| byerage terain
7 Mountainous area:
~ITU-R 530 method ———————————— Margin: 10-3: 50,1 dB, 10-6: 45,1 dB (o rain) - PR: -37 87 dBm (rain), -37.87 dBm (o rain) - TO: 0 dB - S(oh: 286205

Path reliability multi-path; (10-6) 93,3393 3 (0,0526 rminfy) - (10-3) 93,99393 %6 (0,0526 minfy)

Path reliability rain: (10-6) 99,39993 %% (00703 minfy) - (10-3) 93,33339 % (0.0703 minfy)

Path reliability: (10-8) 99,99998 %5 - (10-3) 99,9999 9 (41,9 dB needed to expect 99,99000%, EIRP = -21.90 dBW 10-8)
Frequency! 2,20 GHz - Power: 34,0 dBm - Free space loss: 94.7 dB - Diffraction: 0.0 d& - EndToEnd: -63.7 d&

™ Signature Iundefined VI Eatth (Kri): #500 (land) 500 (zea) - Rain (ITU): 0.00 4B (30,00 mrgh) - GazfFog: 0.0000 dB (7,50 g/m3)

& ITU-R P.530 (all % of time]

* Average annual reliability

" Awerage worst month reliability

Point refract. gradient dM1 |_250 00

[~ Upd from R location uéd maél

— Earth radiuz (k)

Land IBSDD Sea IBSDD
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The user can then check the load of the network with regards to the capacity :

Netw ork capacity according to the nb of CPE (x100)
connected
(nrtPS contention free)

- T - B BT N BN

B Remaining throughput
O Traffic used

S

Growth of the SF according to the nb of CPE
(x100)connected
(nrtPS contention free)

uUGs
nPs
nrtPs
BE

—

e

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20

Growth of the SF according to the nb of CPE
(x100) connected
(nrtPS in contention)

UGS
nPS
nrtPS
BE

A

1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Average QoS of the netwrok according to its
load
(nrtPS contention free)

—&— Average QoS (%)
~—8— Network load (%)

123456 78 91011121314151617181920

Average QoS of the BS according to its load
(nrtPS in contention)

—&— Average QoS (%)
~—8— Network load (%)

12345678 91011121314151617181920

Load of the network with business or game oriented CPEs

Load of the network with web browsing or P2P CPEs

Identification of the saturation in capacity of the WiMAX network, according to different usage profiles
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5.2.3 QoS curve according to the contention ratio
The QoS of the network also varies according to the time of the journey. Each customer does not use its
connection in the same time of the day. The contention ratio of the WiMAX connection can be setup

individually, or on a 24 hours basis.

[ormame: Servace thrm -

Trale ooond semn
Q) 07T 3 34RO WY TN R W W WY N a8 He
— {15 a0 [S2 B2 [E1 24 NE! |06 D67 [336 M1 E [430 [450 430 [416 J106 [267 |ME (161 [124 A1 |62 f52 40 %
.C Qo8 of the network per Bour
o .
| 4 o
m Tow pwee 28 i i =
@ | | il
= 17 Chwech iohatty - St moom II II
-
7 " Gy . WAHAH
: 17 aduttwe o don. i iU e T ERE
m Theheld | o0 | Mow diance cokwianon

[Srrosmic orvice Tow D

w Trate: poagessse
— 0 /'Y |2 F 4 S5 60T Bl W W2 13 W% @ W Eh ® N 204
T 10 a8 (20 'o 3o [30 ha [e0 oo feo [0 fns sofno 0 [zo 2as (o 3o hao [nofoefso [0 *
[ l | [ i | [ - | ! QoS of the Netwark per Howr
| '8
w Trwe swest 24y I I =
E | : it
: 1™ Thech ikatty | X% achveve by on ’ I I
m Dhech batoncy
g Stmirve o Ahon & ] A& B 4 &
U Thesteld 05 | W detarce cokubsson

QoS of the WiMAX network according to the time of the journey and the variation of the contention ratio
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6 WIMAX Spectrum analysis

6.1 FWA-type analysis

6.1.1 Coverage mode
Fixed Wireless Access type of networks must be configured in order to lower as much as possible the
interference cases between the sectors of the network. In order to so, the protection ratios according to co-
channel or adjacent channel unwanted signals must be known. The interference generated might decrease the
C/N ratio.

6.1.1.1 Frequency allocation
Based upon the allocated spectrum, the user can ask ICS telecom to automatically find the best frequency

plan that would be used by the BS.
When the connection is made with the highest modulation, the receiver is the most sensible; it therefore

advised to use the worst case scenario when the frequencies are assigned by ICS telecom.

.| Adjacent channel Interfrence h+2 channel
. Cochannel Interfrence Sensitivity o . L
Modulation | Code rate EVY 2.5 MHz Sensitiity interfrence sensitivity
: BYY 5.6 MHz 3.6 MHz BWY
172 4 -30 -46
BFsK 34 B 28 -44
1/2 7 -27 -43
WP Sk 3i4 10 -24 -40
152 12 -2 35
1BLAM 3/4 16 -18 34
213 21 -13 -4
BALAM 3/4 > -12 -8
Frequency assignment E|
~ Mode Rule
zigned spacing O -
" Band assignment v Apply frequency spacing on same site MHz »= [ 0.oo10
I~ Multirchannels assionment * Ta/Ts O TaRx O from TR <= [9999339,
I~ Minimurm frequency spacing: |—1MHZ it azimuth spacing < | 121

Protection ratio

~ Multiple CA [dB] mask - Prioritp 23— —=PD
¥ Glabal ¥PD [0 dB

' Compare Tx/Fx bandwidths

e 22—|7 wod  Nes T" oo CircularsH or'y : 3 db protection Cered] |
M=l [92 W oused  N=9 [0 [ used ~ Cl tables - Prority 2 -
N2[2s I used NAO[S) T used T/ from ITU-R 412/655/1358/1009/560 =
N=3 [0 T wsed N=11 [0 T used [~ FCCOET B9, Wieshaden 95 EEE
Ned [0 T used N=12 [ [ used B02.11/50216, ETS| T5-101 980

M=5 o0 [ wsed N=13 [0 | used € Tropo interfererence? € Steady interference?
NG [50  used N=14 [57T used & Ficefading [DVE] € Aagleigh fading [DVE]

W=7 |_3|:| [ used MN=18 [0 | used

Frequency assignment engine in ICS telecom
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6.1.1.2 Interference calculation and resulting traffic map

The calculation can be launched on a best RSSI basis, highlighting for each covered location the best non-

interfered sector, or the pink color, meaning that all potential servers interfere one with each other.

Interference (C/T)
~ Many to many

" Global interference

I~ Cosite excluded E
I~ Multi-channels
[~ &ctivated wanted station

% |nterference + best server

[ Multi-channels
[ Activated wanted station = |
™ Frequency selection nane

Frain [70.00000 © 419/6E
it |1nuonu.nunuu & e L

R gain [d8] [15.00
M

~ Multiple C#l [dB] mask - Priority 3————————————— —%FD
v Global XPD [0 48

Circular/H or : 3 db pratection

R« antenna discrimination

& Compare Tx/F= bandwidths

M=0 |72 W oused N=B [ [ used

N=1 92 M used  N=3 55 T used — C/l tables - Prority 2
M=2 (25 M used M=10 7 | used
28 ¥ e = £/ hom ITU-R 412556, 368/1 009/560,
N=3 [0 T used M=11 [507 T used [~ FCCOET B9, Wieshaden 95, IEEE
M=t [0 T used NM=12 [0 T used 802.11/802.16, ETSI T5-101 980
M=B [0 T wsed MN=13 [0 T used ! Tropo interfererence® & Steady interference®
N=6 [0 [ used N=14 55 T used % Rice fading(DVB] ¢ Rayleigh fading (DVE]

N=7F |-3EI [T owzed N=15 [0 T used

¥ :‘q AT

— SN _ S — — S —
Best server map, including interference cases in ICS telecom
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ICS telecom can also display a SNR map, based upon the rejection filter. Here below an example of a SNR

map in C/sum(I) + N mode, using a Noise Floor of —104 dBm, a 1% channel attenuation of 34 dB, and a

second channel attenuation of 50 dB, and an directive Rx pattern with 16 dBi gain.

sverage ot deference (INF rinde)

Achon

€ Activisted staton covelage modhcaticn (TD
" Thieshold degadaton map™

& CommiljoN cakcuinion

(" Cfwami]} cakculation

™ Mesmal diatsd & stddev {8 |

& Urmanied « sctvated

7 Urwanted « deactivaed and achivaled
7 Urmartad = de-activated

I Threshold = martsd coverags [ewid rad)

I Diplay best server when C%Nel | l =3

I™ ot sty it @
Nase flcal [0 cBim &wﬁg‘a‘;’ﬂ

Wartedthiend | 100 )| | [ &2 fonNFD masie

IRF mask ()

) o N0 [0 W e
N-1 [3g W wed
N=2 [5p ¥ aed
Nl:rw
Ned [ T uaed
N5 | ™ wasd
Nk [ ™ wed
Na? [ T ed
g [ [ uted
N3 [T [ wsed

N=10 | T used
N1t [T uned
Nel2 [ [ wsed
N=13 [T used
Neld [T used
N=15 [T [ used

Chach “Used”" Infton b defirs M o 14 GHZ latie

5 from tables 75438, 74.13. 23,
[ 245265 GHz and IC 16 KHz B 150, 450,
950 MH2). IEEE 802114802 16

[~ CNCONReET | CNCONRcSS

v SobaxFD oo @ CrodeMaV=3d

Artenns gan (98] (1500

Anterna haght (m) [_
Hpatten. I

T do rol umd XFD n ndefaierce
hurchons § o use APE dor covstege
modicatons. Use 3P0 1 B41S

i = ]
g
1 n

Signal to Noise ratio map
(in C/sum(l)+n mode) of a WiMAX
network in ICS telecom

I | 1 dB
I | 7
R | 15 dB
I | 23 dB
I | a1 dB
| 30 4B
| | 47 dB
I | 5 db
I | B3 dB
I | 71 dB
| | 7948




25/35

This map can be used in order to update the original traffic map with a new traffic map, taking not only the
power received into account, but also the C/N ratio.

IEFSK!é1.41Mbps
IEFSK%2.12MI:-|:S
IQPSK%2B2Mbps

IQPSK 3 4.23Mbps
|GAM1E % 5.64Mbps
|QAM1E 3% 8 47Mbps

IQAME42£3 11.23Mbp
|GAMB4 %12.71Mbps

Label

BFSE % 1.41Mbps
BFSK # 2.12Mbps
QPSK ¥ 2.82Mbps
QPFSK % 4.23Mbps
GAM1E ¥ 5.E4Mbps
QAM1E 34 8.47Mbps
QAME42/311.23Mbp
GAMB4 #8127 1Mbps

HEE | T

Traffic map according to the SNR in ICS telecom




26/35

6.1.2 PMP interference

6.1.2.1 Power control

To improve the overall performance of the system. The transmitted power @
of the CPEs is regulated so that the power received at the base station is at 7+ dynamic:2
a predetermined level. ICS telecom adjusts the uplink radiated power at the :: ;d:::ar::c _ Carcel |
CPE side, thereby limiting cases of interference. e

6.1.2.2 UL/DL interference
ICS telecom features an interference calculation engine specially dedicated to the Point to Point connections
that allow an easy analysis for uplink and downlink interference cases.
This could be useful for non-synchronized TDD systems, or FDD systems, where the CPEs can raise the noise
floor of the BS they are non-parented to (or the other way).
SDMA systems uplink interference can be managed by specifying the maximum number of terminals that can
be simultaneously connected to a given BS.

I—P
UpDsCrIDEer INterrerence

— Subszcriber to station — Station to subzcriber
¥ Subscribers to non-parert stations [1/M] [TD) ™ Stations to non-parert subscribers 14
" Subseribers to non-parent cx (14N (TD) ™ Stations to all subzcribers [I/M)

" Subscribers+MW to non-parent cx [i/M+) " Stations to all subscribers [CA]

# Sibarlbers @ e o (L] " Stations to all subseribers (C/N+1) [TD)

" Subscribers ta non-parent stations [CAN+ (TD]

Mo, SDba uzers) |1 IRE...

IRF... Synchronized sectors® [
" Stations to non-parent subscribers [min CA)

Dizplay and filtering [dBm]:

0 [o0n T ..
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7 Mobility analysis

ICS telecom features various functions in order to manage the upcoming WiMax mobility.

7.1 Delay spread

Orthogonal Frequency Division Multiplexing (OFDM) is a multiplexing technique that subdivides the
bandwidth into multiple frequency sub-carriers. In an OFDM system, the input data stream is divided into
several parallel sub-streams of reduced data rate (thus increased symbol duration) and each sub-stream is
modulated and transmitted on a separate orthogonal sub-carrier. The increased symbol duration improves the
robustness of OFDM to delay spread. Furthermore, the introduction of the cyclic prefix (CP) can completely
eliminate Inter-Symbol Interference (ISI) as long as the CP duration is longer than the channel delay spread
(source : WiMAX Forum®©).

LONG DELAY SHORT DELAY
Time —»
: Integration : Integration :
period period
Main path n-1 symbol n n+1 n-1 symbal n n+1
| | 1 I
1 1 1 1
Delayed path n-5 n-4 n-T symbal n
| S N | | |
-~
\ ‘ Acts as IS| ,
Both act as interference Adds constructively or destructively,

according to phase

ICS telecom’s OFDM parameters box for simulating multipath reflection can also highlight the cases where the
signal is damaged due to the reflected signal being greater (by a user-defined margin in dB) than the direct

path threshold and with a ToA outside of the OFDM receiver Guard interval:

o %) — _
RPNl Fo fusecl F‘E T# coordinates: 15108039 -33. 49229 - Lambertian mode
Mange reqused ¥ DTOA b exceeded 8] |22 : . .
. . P Direct path: 33 dBu - TOA: 536870912
Tt ‘2‘— M ax reflected path: 32 dBu - TOA: 20
i weena Bcht 2 50 Mumnber of reflected path(z): 19
o T Result F5: 37 dBu

Constructive and Destructive OFDM signals in ICS telecom
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7.2 Hand-over maps

ICS telecom manages the display of handover maps.

7.2.1 Fast Base Station Switching
When the Fast Base Station Switching (FBSS) is supported, the MS and BS maintain a list of BSs that are
involved in FBSS with the MS. This set is called an Active Set. In FBSS, the MS continuously monitors the base
stations in the Active Set. Among the BSs in the Active Set, an Anchor BS is defined. When operating in FBSS,
the MS only communicates with the Anchor BS for uplink and downlink messages including management and
traffic connections. Transition from one Anchor BS to another (i.e. BS switching) is performed without

invocation of explicit HO signaling messages.

7.2.1.1  List of neighbors

If it is not already known by the mobile operator, the use can locate BS per BS with what other BS it could be

a neighbor.
Hanaover I
Record | ldent | Erlang | Frorm # | Start address | To# | [estination address | Diztance m | Handower dB | Handawer % | Handaower km2 | Lirk. ":] I 21
1 none 122733 B address 1 address 13639.11 5 754 1227 ot linked
2 none 373443 & address 2 address 5934.67 5 15.88 28.67 rit link.ed Default handaver
3 none 556740 6 address 3 addess B18357 5 10,96 17.73 ot linked margin (dB :
4 hone 711687 B address L) address 1356362 & 958 15.49 rat link.ed 15
5 none 1063312 6 address 5 address 8197.52 5 2215 3582 not linked | —
7 none  199.6478 6 address 7 address 4067.85 g 3010 4867 not linked |
8 none 1EG.7R08 6 address B addes BEIEE 5 £88 1113 hiat linked [kt |
9 nove 1732563 6 address 9 address 10780689 B 4.00 6.48 niot linked
10 none 1760670 6 addess 10 addiess 1054401 5 1.74 281 ot linked
11 none 1770246 B address 11 address 1730987 B 059 09 not linked ||
12 none 2035638 B address 12 address 8280.71 5 1641 26.54 ot linked
13 none 2177172 6 address 13 address B23690 5 875 14.15 mat linked Batch handover
14 none 225 (0BEE B address 14 addresz 1341376 B 4.54 735 ot linked
15 none 2635248 € address 15 address 1074242 8 17.60 28,48 it linked
16 none 2700792 6 address 16 addess 263403 5 10.24 16.55 nit linked M Handaver map"l
Click for handover option - *only linked stations - Code 265= Handover area
list... | Close I
" Hard handover  (* Soft handover Active Set #: IU Awvailable active sef(z]: '

Highlighting the neighbours of the Base Station in order to define the Active Sets




29/35

7.2.1.2 Active set allocation

The radio-planner can specify for each BS the active set(s) it is belonging to :

To/Rx parameters: 6 B56 )
p
Generall Patternsl Ehannelsl Site Advanced I
Type (0] Signal [30] Modulation [18]
cale [p[F]  [TaRess ~|  [wmasPmMFDD < [16OaMiZMI <)
. Jﬁametem
Carmier (dBm] |-90
Path budget threshald 10-6 [dBrm)® |-83.00 uzed W I—1 Cancel | ticx |0
Halat (g
Fath budget threzhold 10-3 [dBm] |-28.00 used ¥ |2 |
angd 10,000
Cowerage threzhold (dBm)® |70 used [ IEI e
upd... e 0
Rethreshold (Bl [92 upd..| wsed [0
KTBF[u[:IB ]] |7E‘2 d W |_ P fo
ml . uzed W
105 calc... 5 ol Iﬂi
Maize Aeer Tane

Definition of the active sets each BS belongs to in ICS telecom

7.2.1.3 FSBB handover map within the same active set

The user can specify the active set to be analyzed. By specifying the soft handover mode, ICS telecom will
highlight the areas where an FSBB handover can occur. These areas are highlighted in pink in the picture
below, otherwise ICS telecom will give the best server site color.

HEII'IHDUEI‘ map !

" Handover map
% Soft Handover - active set

Active Set #: I 1

" Hard Handover - active set

Handawer margin I 5 dB

wanted threshold | -100 [ |
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7.2.2 Hard handover

When the Mobile WiMAX unit will switch from one active set area to another, it performs what is called a hard

handover (HHO). ICS telecom can display where the mobile anchored to a specific active set will have to hard

hand off to another one.

" Mardover msp
" Zoft Mandover - active set
% Mard Handover - active sat

Hardover margn | 19 -3

Wantedtheeshad | 100,
Avadable active set(s):
1.2,

Actve set #1 7

HHO map of a mobile anchored to Active set 1 to any other active set

7.3 Hand-over along a mobile path

If the radio planner is more particularly interested into a mobile path, a dedicated hand over analysis can be

performed, in UL or in DL.
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8 WiMAX radio-planning : a workflow with ICS telecom

WIiMAX radio-planning is an iterative process. A first start would be to select the best locations for the Base
stations (Phase 1), in order to minimize the spectrum required (Phase 2). If the interference areas are too
large, or if the SNR map highlights a high decrease of bandwidth, the network itself might have to be
optimized from Phase 1 again. What's more, guaranteeing coverage without interference does not close the
planning process : the capacity of the designed network needs indeed to be checked, in order to foresee a
potential saturation of the network (Phase 3). If so, the network might have to be densified, generating
therefore additional potential interference (Phase 2). Radio-planning is mean of iteration between these 3

phases, in order to achieve a good balance between them.

ol
oo

< Coverage dimensioning : evaluation of the required number of BS in arder to cover a given AOI ID

Apply @ cell pattern Define the list of [ ] PR""""’l .
W Pl Axen o m - » according to the
et i SNR

Generate one BS per
cell, and place i on Define the rules for the
its highest point frequency assignment Define the
(G ratios, Rx antenna | "hot-spots"” to cover,
directivity, wanted ‘ and for what service
thr) |
Calculate a basic
coverage (Omni)
ICS telecom assigns ‘ Populate these areas
the frequencies with subscribers

Eliminate redundant

sites until the
coverage ohjective iy

Anlyze the conmectivity
| althe subs with regards
| to their traffic request

and service flows
in DL and UL

Annlyze the

interference cases for
BS sectorization a given service

Capacity dimensionning : will the propect areas be properly conmected 7

Spectrum denensioning | minimize the munber of required frequencies
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