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Abstract

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

Spectrum | Duplexing mode | Channel bandwidth {MHz) FFT size IEEE Standard
3400-3600 DD 35 256 806.16-2004
34003600 FDD 35 256 806.16-2004
34003600 DD 7 256 806.16-2004
3400-3600 FDD 7 256 806.16-2004
57255850 DD 10 256 806.16-2004
24952690 DD 1.25,5, 10, 20 128, 512, 1024, 2048 802.16e
24952690 DD 4375 512 802.16e
2495.2690 DD 8.75,15 1024 802.16e
23002400 DD 1.25, 4, 10, 20 128, 512, 1024, 2048 802.16e
3300-3600 DD 35 512 802.16e
3300-3600 FDD 35 512 802.16e
33003600 HFDD 35 512 802.16e
3300-3800 DD 4375 512 802.16e
3300-3900 DD 1.25, 5, 10, 20 128, 512, 1024, 2048 802.16e
33003900 DD 7,10 512, 1024 802.16e
33003900 FDD 7,10 512, 1024 802.16e
3300-3900 HFDD 7,10 512, 1024 802.16e

Different 802.16 profiles

802.16e
Definition Devices Locations Speed Handoffs 802.16-2004
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
Portability Laptop PCMCIA Multiple Walking speed Hard handoffs No Yes
mini cards
Laptop PCMCIA
Simple mobility ml;r[l):&t;a:ris Multiple Low vehicular speed Hard handoffs No Yes
smartphones
Laptop PCMCIA
Full mobhility LGS Multiple High vehicular speed | Soft handoffs No Yes
PDAs or
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:

5/35

e Large scale WiMAX networks would require Medium Resolution cartography

e Close range WIMAX network analysis would require High resolution cartography.

HR cartography

MR 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 2m
DTM at 500m urban and vegetation heights as o
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 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;
o 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.

Eru]eci manager ' H

Open project... | I D:4802.16 planning'Project MALB02 16.FRO | Hew project | |;"‘g‘g;;g"g,'aiggi"'§| DT resampling |1_
Content
Type | File Mame | Statusz | Size | Compatibility |
Digital terrain model [[GED] 0480216 planning\Cartography MAYWE02 16.geo ] 4 1.98 Mb - Load |
Map image [IMG) 480216 planningsCartography MANS0216.img ok 0.93 Mh K
Color palette [ Pal) [:4802.1E planningiCartography MAYS02.1E pal Ok 0.01 Mb - c |
Cluter laper [S0L] D:AB02.16 planning'Cartagraphy MANS02.16.50l oK. 0.93 Mb oK Ance |
Building layer [[BLG) undefined - - -
“Wector layer [WEC) undefined
Map server file [ MaF) undefined - -
Parameters [[PRM) 0480216 planningProject MRYA02 16 MRB.PRM 0K 0.02 Mb
Metwork abjects [EWF) [:4802.1E planningProject MAYA02 16 EWF Ok 827 Mb
User color palette [P11] undefined - -
Fesult [[FLD) undefined
[ Browse.. | | OpenExplorer | (for 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 :
e Manually

e Using coordinates

| add station 3 Tu/Rx
re-cenber DF
change map... from coordinates...

Adding a site using its coordinates

e Import from an Excel spreadsheet

| Import Fram azcii file. . I
e
M
Col 1 Col2 Col 3 Col 4 Col 5 ColE Col 7 Cola Col3
IEaIIsign ;I I Infol1] ;IX or long ;I IY or lat ;I Coordecode ;I IAntenna [m] ;I.-’-‘«zimuth [°] ;I I Tik ) ;I Tx frequenc_';l
Fiecod| Col1 [ Colz |col3  |co4  |cCo5 | Cols |cel7 | colg] Cols
1 Callsign Infol1] #o o Codelut  Antenna [m]  Azimuth [7]
2 B525ecl Bazestation 2 -0.27413 46713236 4DMS 2a 1]
3 B52 Sec? Baszestation 2 -027419 4619236 4DMS 25 a0
4 BSZSecd Bazestation2 027413 46719296 4DMS 25 1an
A B52 Secd Bazestation 2 027413 46713236 4DMS 2h 270

Import of a site list from a spreadsheet

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

STATION B

ADD - C\Program Filesh|CS telecomlosTel2K2 MDB - STATION
List
L‘ Skip out of map

CallSi

Data | pppearance |

Table: |STATION

= 4DDRESS & CaLL_SIGN Calsign Ao 59 Ascl
= NETID &2 FREQUENCY (MHz) Freq futo 106

+& TYPE_CODRD &5 NOMINAL_POWER Power Mo 106

& coorD_x &4 H_ANTENNA Antenna Auto 108

- COORD_Y = ADDRESS Addiess Auta e

& ALTITUDE = INFO1 Irfo (1] Ao 112

&5 NOMINAL_POWER = INFO2 Info (2] futo 112

i GAIN &2 TYPE_COORD Coys Buto 59

&& GAINRR &4 COORD_X i Auto 108

ﬁ LOS5ES & COORD_Y y Ao 106
&5 | 035ESRR

&2 FREGUENCY (MHz)
&5 H_ANTENNA

& PoLsA

- &L POLARRX

&4 THRESHOLD

&2 BANDWDTH

- & BANDWID THRX
&5 CHANNEL

-&2 NB_LINES

= TITLE

= INFO1

-== INFOZ

| & aZMUTH €l M " 3]

& CALL_SIGN E Field | Title | Fomat [ ...[ Oider [ Condiion

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 (ldentification 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.

Cells properties ] mm ﬂ
5% Hesoom Sfapa izs Il [2000 Gerverel | Pattarns | Chanmels | Site | Acuanced |
 Seuare Supencal sizs fm) 'T Tron Signal |
~ Hona Giid eweep %] [0 [T d = | |'winan P36M FOD = (20 arkema Fov 7 polazation) =1
Cenirdl condinales: B30 A AT i - o )
Momal powes 1] [2511628
¥ Genmateslsiors  [] Dwanic(dB) o % Standwd ankenna
ST — Taertsain ) [0 £~ MIMO/adaptive anisrma (1]
[ Lead | ema | [Adliec | | Ces | Rmanpan(il o  Mesas [T e
mw}ﬁ@'ﬁm_ Tepat @ v HOCO M
TxoddlssesidB) oo | Fxpk Ry CHC GO M

EIRFMW] [ 8915z15 3

e e || T
Arennabeghi ] [32o0
Tet basvdwacth [KHz) W
Rxbondwidh () 7m0

L]

s
Ji-

WiMAX Macrocell technical parameters

| W

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.

1 2 5 4 5 G 7 8
Max bit rate (Mbps)

& Dowrlink Range - Dense urban @ Downlink range - Urban

[N

o

Theoratical evaluation of the downlink cell radius of a trisectorial Theoratical evaluation of the uplink connection radius of a
WiMax BS (35 MHz BW) trisectorial WiMax BS (3.5 MHz BW)

25 18

16

=0 14
& £

= =

A £
s g

= 8
210 kS

g s
% o

- 4

2

0 0

1 2 3 4 5 3 7 ] L e & & d e 4 e
Max bit rate (Mbps) Max bit rate (Mhps)
@ Dowrlink Range - Dense wrban mDownlink range - Urban = ChinkiEsnosEinsnsslutianis ChiinklmngsEloiben
Downlink — 3 sectors Uplink — 3 sectors
Theoratical evaluation ofthe downlink cell radius of an omni Theoratical evaluation of the uplink connection radius of an omni
directionnal WiMax BS (3.5 MHz BW) directionnall WiMax BS (3.6 MHz BW)

20 14

18 .
_ 16 _

- 14 g0
= a2

§ 12 é_ 8
£ 0 2

@ Z B
= o
g :

2 3+

o

1 2 &) 4 5 B 7 g

Max bit rate (Mbps)

= Uplink Range - Dense urban ®Uplink range - Urban

Downlink - Omni

Uplink - 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.
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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 stalion [-1 1019, -1=all|: [4

Maimuam diztancs (ml: 1000

Find minimas elevation [0=none, T=max, 2=min]: [
Masemum dislance loe slevalion (1 e 20 pivels]: Em

(o ] _conel |

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

dBpvim | dBm

112/-19

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.
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4.2 Coverage calculation

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

Height of Rx antennas [m] [1 50

The sensitivity of the receiver in downlink.
Distance (km] {10,000

The height of the receiver above ground level. Waniedthestad |1 _.]
The maximum connection range in uplink. Perform missing coverage(s) [~
[ Mocel. [ [ options.. | [: | steRt |

Clutter code MHame Aftenuation [dB] Clutter height(!]

i Open no 0
1 Lrban 26.0 0
Typical fade margins for the urban ground occupancies (in that case, 2 [Denseuban [360 0
the corresponding clutter height is fixed at 0Om) and typical heights for j il EDD'D E
the vegetation (ICS telecom then calculate the signal loss by 5 LowFdiage 0.0 B
diffraction). B Hydm 00 D
7 High urban 45.0 ]
8 High foliage 0.n 15
9 Main road 0.n ]
10 Rail track, 0.n ]

I | 00 B

I | -52 dBm

I | 84 dBm

I | 76 dBm

I | 58 dBm

I | B0 dBm

| I 52 dBim

N | -44 dBm

I | 35 dBm

I | 28 dBm

| I -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.

. _._f_ & | 00 dBm
' ; . | 52 dBm
| -84 dBm

I | 7 dBrm

I | 68 dBm

I | 50 dBrm

| I 52 dBm

“SYDNEY | |y i

| -36 dBm

- I | -26 dEm

| I 20 dBm

Selected sites

Removed sites

WIMAX coverage plot of the

most relevant macrocells




Coverage map (Tri-sectorial) Best Server map (Tri-sectorial)




5 WIMAX Capacity analysis

5.1 Bitrate/ 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:
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Modulation | Code rate Sezgl;[.rl]wtj,r Ranwr Bltg?i,qal; E{&fd (hMbps) | Met thrnughﬁpﬂﬁiéﬁ:ﬁd (hbps)
K 5| 212 oo
ey m =
o |12 oo i<
BOAM |3 271 15163
>=dBm Label

-100

BFSE ¥ 1.41Mbps

-98

BFSK # 2.12Mbps

97

QFSEK ¥ 2.82Mbps

94

QF5E # 4.23Mbps

91

GAMIE ¥ 5 E4Mbps

-8

QAMTE 34 8. 47Mbps

83

QAME42/311.29Mbp

82

QAME4 312 71Mbps

| |

Traffic map (raw bit rates) of a
fixed/nomadic WiMAX network in ICS
telecom
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Typical sensitivities in mobile mode:

. Sensitivity | Bit rate DL Mobile (Mbps)
hodulation | Code rate dBm £ WHz BV
QPSS 153 -1 Below the noise floor
CIPSk 1,2 -94 2.88
1ECIAM 1,2 -38 5.63

»=dBm Label

A0 OPSK 173 Noise

EN OFSK % 2,88 Mbps

8 TECAM % 5.68Mbps -

Traffic map of a mobile WiMAX
network in ICS telecom

5.2 The WiIMAX CPE

[cubscriber parameters |
Call-sign ICF'E Site color |

In order to refine the [ Basicr
MNorminal power (4] W
capacity analysis in Dynamic (€] [50
. . . T in [dEi 3
fixed/nomadic WiMax, ot oo (B0 [17.00
Rz ant gain [dBi] I‘I?DD—
each CPE can be placed Losses (@B} wff1.00  ofi.00

. Twaddlossss @) oo
and deflned Frequency [MHz] ’W

ind |Vidua| Iy Antenna height (m] |1_5U

Azimuth [0-3557 |272 48
Tilt [-259° +83°] |-0.089




5.2.1 Radiation pattern

Each WIiMAX 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 .

Interfering Base Station Interfering Base Station

0

.

Parented ('L‘IPP_. Parented (‘Jl’li.

. CPEdirective H puttern ..+ CPE uduptive H pattern

18/35

— Pattern
20 anterna H+V [1 polarization) L”LI
Polar: Tx / Rx
OBV R ORY)
CH/CH

CCACC
MM

Diarm/zize [m]:
ID.D

= std antenna

¢ mimo./adap
Mo, arraps:

F el

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 [30) 4 adulation [18)

‘wimnax P35 FDD TE-GhaM 1742 M1 ;I
Wimas Paok FD D .
—  Traffic parameters

wima PER FDD

Base Station

‘wimax P7M FDD Slot/ex |0
‘wimax P10 FDD

winax P175M 100 ]| (R [
wimax P3M TOD Erlara [o o0
Wwimnax P35k TDD ﬂ . .
Wirnax Pk TOD T % pilot poweer ]
‘wimax PEM TOD E )

‘wimax P7i TDD ¥ paging powll] [

Wimax F10M TDD

WIBRO TDD % synch powll] [

Tatal lat .

RS Mchips/s o0

el PN eode [

1.28
DL Khit/s |5E?EI.EIEI I

NFD
UL Khit/s |5sm_gg I |

Bit rate calculator m

Spectial efficiency (Bit/Hz) [1 00
Mac overhead (pc): (15

Cancel
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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]

WinasPIEMTOD  w|  [160aM12M1 -]

Wwimax F35M FDD A~
“wfirman PSR FOD

— [ Traffic parameters

Wimax PEM FDD
Wimax P7M FDD Slat/cx |0

Wimax P10M FDD .

‘wimas F175M TOD i 0

\Wimax P3M TDD Erleng [5.550

“Wimaw FSM TOD |:] % pilot power ,D—

i P 10D  pagingpot) [
L synchpoul]) [;
Total latenc Mohips/s W
FM code ’U—

DL Khit/s Imm

UL Kbit/s IWD

Spectral efficiency [Bit/Hz] [1.00
ULADL time duration [ratia) [-1=n/a] 'D_gg

tac overhead [pel |00
oK I Cancel |

Base Station

<«— Guard Band[:] @ E]
: : >
UL/DL duration rati
& S 8
E]OO: \@Guard Band——» /

CPEs
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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
Mazimum 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, Web Browsing, etc...

Maximum sustained rate
Traffic priority

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

r~ Tiaffic p

cale...

Lines |0

Khit's [512.00 4
Mehips |3.840 activity % Img

Max latency [me] IZD

ul: |1 28.00

Erlang |D [ilii]

’i

Service flow

DL

UGS

ErPS /PS

nitPS

EE

Traffic [Khits/s] |512_UD

UL

Traffic [Kbits/s] 12800

UL %

UGS |14—

ErtPS/itPS

DL%
|14—
I'IU—

.00

ntPS

-
BEIW

oontention free
contention free
[~ contention

contention

Load Save

Cancel | ok I

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.

. . Optiar:
* Connecting to best server - control service flow (B02.16F [MER

P ’ ¥ | Extended repart

I Cannect arphan anly

PR it B

I Do not connect if subscriber outside BS sector (start/end)

I Check reliability [ ] =zt achieve:lgg_ggggn

I Check latercy
I Adaptive madulation.. [ .. |

Threshold Ao L.l

M ax distance calculation... |

Parenting 802.16 CPEs in ICS telecom

The 802.16 parenting checks:

The priorities between the service flows

e The fact that the service flows might be contention free (UGS, rtPS...) or contention based (BE)

e The parenting in DL, then in UL

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

Traffic parameters

calc... calc...

Kbit/s 51200 4 o [128.00
Mehipz |2 840 activity %2 |00
Linez |0 Erlang |0.000

Max latency [ms)] (50

B02.16 Access nelwork,

Service flow... |

Fiber

e The contention ratio of each CPE

Traffic parameters

calc calc

Kbit/s [§1200 g1y [122.00

Mchips |3 840 activity % Img
Lines [o Erang [0.000
Max latency [ms] (5o

Service flaw..




e The adaptive modulation
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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.

e The reliability of each CPE-BS link

Path reliability

—igants method

7 MNA model

) byerage

" CCIR R338 model

% Coastal areas
| Subbropical areas

 Mountainous area:

Min. FSR

Available traffic at the sector = 2500 Mbitis’1

Traffic {no adapti dulation) = 3000 Mb

Traffic demand (adaplive madulation) = 2200 Mbit/s
— T

terair

* Average
" Average
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|20 Jnes
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{20 025 delta 255 =
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Threshold ITE el
dBs abowe
Sensitivity
Modulation | Bit rate [dBm] |[the threshold|Bit rate ratio
BFSK v, 1.41Mbps -100 0 1
BFSK % 2.12Mbps -98 2 0.66
QPSK ¥ 2.82Mbps -97 3 0.5
QPSK % 4.23Mbps -94 6 0.33
QAM16 % | 5.64Mbps -91 9 0.25
QAM16 %, | 8.47Mbps -88 12 0.17
QAMS64 %, |11.29Mbps| g3 17 0.12
QAM64 %, |12.71Mbps -82 18 0.11

Margin: 10-3: 50,1 dB, 10-8: 45,1 dB (e rain) - PR: -37 87 dBm (rain), -37 .27 dBm (o rain) - TO: 0 dB - S(o\): 286205
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Earth (Krn): #500 (Jand) 500 (sea) - Rain (ITU): 0,00 dB (30,00 mmgh) - GazfFog: 0,0000 dB (7,50 gjm3)




23/35

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)

N e A9 N D

@ 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

——

gy

12 3 45 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
"PS
nrtPs
BE

A

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

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

—&— Average QoS (%)
—l— Network load (%)

123456 7 8 91011121314151617181920

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

—&— Average QoS (%)
—l— 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




5.2.3 QoS curve according to the contention ratio
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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.

Business profile

Consumer profile

Dynamic Service Flow

- Traffic progressian

(o[ 12 3486 7[&[38[0[1 1213141516 171813 20 21|22 [z H
[35 [an0 [s2 [e2 [81 124161 [208 [267 [325 [41.6 [430 [450 [420 [41.6 [335 [267 208|167 24 fer [e2 [52 [0 %

QoS of the network per hour

Thieshold [ 100 .. | Max distance caloulation...

s
o
%
Tire period: 24h 0
~ Option: -
I” Check reliabilty [ ..|  %toachisve |—99 35000 =
I~ Check latency
I~ adaptive modulation, A4S ETBEINNCBUISEEYBBINZA
Thieshold | 400 .| | Max distance calculation
Dynamic Service Flow L]
~ Traffic progression
[0 [T [z[3[4[s 678 g [10[n[12[13[14[15 1617 18192021 [22[23H
60 [40 [20 [1o [30 [30 [10 fao [1ofieo 2030 190 [310[s0 [220 [240 [e7o [1a0 130 110 oo [so 7o %
QoS of the Network per Hour
120
00
a0
Time period: 24h w0 |
~ Option =
I Check elisbiity  [L..|  %toachieve: [33.39000 2
I~ Check latency o
I~ adaptive modulatio. & N * L

QoS of the WiMAX network according to the time of the journey and the variation of the contention ratio
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6 WiIMAX 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 M+2 channel
. Cochannel Interfrence Sensitivity o . L
hWodulation | Code rate BV 3.5 MHZ Sensitivity interfrence sensitivity
: By 3.5 MHz 3.5 MHz By
172 4 -30 -45
BF Sk 3 B 28 A4
172 7 -2 -43
LPSk /4 10 -24 -40
172 12 -2 30
1BLAM /4 16 -18 -34
213 21 -13 -4
Bl /4 > -12 -8
Frequency assignment @
~Mode Rule
sighed spacing [~ . —
(" Band assignment v &pply frequency spacing on same site MHz >= [ 0.o010
™ Multirchannels assionment & Tu/Te © TPz O from TR <= 19999999
if azimuth spacing < T

I~ Minimum frequency spacing: | 1 MHz

— Multiple CA [dB) mask - Priority 3 —=PD
[V GlobalXFD [0 dB
& Compare T#/Rx bandwidths
CircularsH or ' : 3 db protection o |
M=0 [22 v used 0 [ used
N=1 [q2 W used T [ used — C/ tables - Prority 2 -
iy el Save
CENAE 0 M £/ from ITU-R 412/655/1 3681 009/560
e == U Tom - E
M=3 [O0 T wsed M=11[501 used [~ FCCOET B4, Wiesbaden 95, IEEE
Net 5T used N=12 5 T used 802.11/802.16. ETSI T5-101 820
N=5 [.30 I used N=13 30 I~ used € Tropointerfererence’ & Steady interference
N=B [0 T used N=14 [ [ used & Fice fadra(DYE] € Hauleigh fading (0¥
M=F [0 [ used M=15 [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 [
[~ bulti-charnels
[~ Activated warted station

% Interference + best server

. R antenna discrimination
[ Multi-channels

[ Activated warted station ~ |
[ Frequency selection nons

Frnin |1u.nuanu © 419/6GE
Fma |1unnun.unnun @ wer L

Rx gain [dB) [15.00
M

— Multiple CA [dB] mask - Priority3—————————————— —#PD
v Global %P0 [0 db

CircularH or' 3 db protection

' Compare T#/Fx bandwidths

W=0 [22 M weed  N=8 [ T used

M=l [427 W used  N=3 [0 [ used — G/ tables - Proiity 2
MN=2 [2g M used N=10 [ T used
20 [l I /) from ITU-R 41246551 368/1009/560,
M=3 [0 T used M=11 [50 T used [~ FCCOET 69, Wieshaden 95, IEEE
M=4 [70 [ used N=12 55 [ used 802.11/802.16, ETSI T5-101 980
W=5 [0 | used MN=13 [0 [ used " Tropo interfererencet 4% Steady interference?
M=6 [50 T used N=14 57 T used & Ricefadng DVE] € Rayleigh fading [DVE]

W=7 |_3g [T oused MN=15 [0 T used




27/35

ICS telecom can also display a SNR map, based upon the rejection filter. Here below an example of a SNR

map in C/sum(l) + 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.

Coverage interference (IRF mode)

~Actian ~IRF mask [dB]
" Activated station coverage modification [TD) WN=0 g V used N=10 [ I used
" Threshold degradation map™ N=1 34 W used  N=11 [T I used
N=2 [gn V used N=12 [ I uszed
& Clsum{|]+N calculat b "
sl Heslaton N=3 |47 [ used N=13 [0 I used
 Clsumll] caleulation e e e (ke
NeB ST [ wed N=15 57 T used
™ Mormal distrib % stddev [dB]:|5|3 N ST (]
& Urwanted = activated Ne7 [ T used

" Uranted = de-activated and activated
" Unwanted = de-activated

WN=8 [5 [ uged
M=a [ [ used
Check "used" buttan to define filter for 14 GHz table

I Display best server when C/M+l: [ dB

: - . IFIF from tables [ETS1 38, 14,13, 23,
i L [~ 245265 GHz and IC 16 KHz B 150, 450,
B50 MHz), IEEE 80211/802.16
[~ CNC-DMRcE! | CHCDNRcS4

Wantedthreshold | 100 el | |~ |RF from NFD matiix

¥ Global=PD [p dB  CircularH or' = 3 db

Moisefloor [p4  dBm  Rwgain 1500 9B

™ Thieshald = wanted coverage [extd rad)

Start

Cancel

Palette...

Station list...

Load

Save

a
|
EEE

“C-C/Mreq

* |ze general
frequency only

" 419/GE

* user 5=

RPE

Antenna gain [dB] |1 6.00
uze RPE 30 fles [

H-patterm... I

Tips: donot used XPD in interference usa TU-R41E O
functions if you use RPE for coverage
modifications. Use =<PD if R419.

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

IEFSK%2.12MI:-|:-S

IQPSK 1 2 22Mbps

IQPSK 3 4.23Mbps

|GAM1B % 5.64Mbps

|QAM1B 3 5. 47Mbps

IQAM542£3 11.29Mbp

4 | Cisumilj+h

>=dB

IGAME4%12.?‘IMbps

Label

BFSK ¥ 1.41Mbps

BFSK % 2.12Mbps

QPSK % 2.82Mbps

[IPSK % 4.23Mbps

GQAMTE ¥ 5.64Mbps

QAMITE 34 8.47Mbps

GQAMB42/3 11.29Mbp

Traffic map according to the SNR in ICS telecom

GAMB4 34 12.71Mbps
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6.1.2 PMP interference

6.1.2.1 Power control

To improve the overall performance of the system. The transmitted power m::;n =
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 : ;?::;:icc ﬂl
CPE side, thereby limiting cases of interference.

[~ 1dB step

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.

gLIBSEI'IBEI‘ II'IEEI“IEI'EI'IEE

— Subszcrber to ztation — Station to subzcrber
% Subscribers to non-parent stations [1/M] [TD] ™ Stations to non-parent subscribers [| /M)
" Subseribers to non-parent cx [I/M] (TD) ™ Stations to all subscribers (/M)

" Subscribers+MW to non-parent X i+ ¢ Stations to all subsaribers [CA)

# Subssibar inmrpeen e L T2 " Stations to all subseribers (C/N-+1) [TD)

" Subseribers to non-parent stations [CAN+] (TD]

Mo, S04 users) |-| [HF...

IEE Synchronized sectors® |
" Stations to non-parent subseribers [min C)
Dizplay and filkering [dBm]:
10 [qo00 & TIL Cl...
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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: WiIMAX Forum®).

LONG DELAY SHORT DELAY
Time —
: Integration : Integration :
period period
Main path n-1 symbol n n+1 n-1 symbol n n+1
I I 1 I
1 1 1 1
Delayed path n-5 n—4 n-1T symbaol n
| S Y | 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:

parameters ﬁ

Tx coordinates: 151.08039 -33.49229 - Lambertian mode

aximum delta TOA for constructive FS (usec] [go.00
Margin required if DTOA is exceeded (dB) |22 . . .
e Bt ) Direct path; 33 dBu - TOA: 53687091 2
et 7 Max reflected path: 32 dBu - TOA: 20
Fix antenna heght: {1.50 Mumber of reflected path(z): 19

Cancel | Result FS: 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.
-l Ve
Flecordl Identl Erlang | From ﬁl Start addressl To#l Destination addressl Distanceml Handawver dBI Handover"/ol Handower km2| Link, |A] | 21
1 none 122733 6 addreszs 1 address 13683.11 5 759 1227 ot link ed
2 none 373443 6B address 2 address S834.67 5 15.88 2567 rt linked Diefault handover
3 none G670 6 address 3 addiess E1836F  § 10.95 17.73 not linked margin (dB]:
4 none 711687 B address 4 address 1356362 & 958 15.49 it linked 5
) none 1063312 6 address 5 address 81397.52 ) 2215 35.82 not linked | —
7 none  1B5.E478 B address i address 406785 5 3010 4367 not linked |
8 hone 1E6.7808 6 address B addiess BEIEE 5 £.88 11.13 nat linked Refresh |
3 none 1732563 B address 9 addressz 1073069 B 4.00 648 rat linked
10 rone 176.0670 € addess 10 addiess 1054401 5 1.74 281 not linked
11 none 177.0246 6 address 11 address 1735987 B 0s9 0.96 nat linked |
12 none 2035633 B address 12 address 82a0.71 5 16.41 2654 nat linked
13 none  217.7172 6 address 13 address §23630 5 875 14,15 nit linked Batch handover
14 none  225.0BEE B address 14 address 1341376 B 474 735 not linked
15 none 2635246 B addreszs 15 address 074842 & 17.E0 2845 hat linked
6 rme 2002 £ ek 16 addes 240 5 1026 185 rotlnked [v]  Handovermap
Click. for handover option - “only linked stations - Code 255= Handover area
ligt... | Cloze I
" Hard handover (% Soft handover Active Set #: Iu Lvalable active sef(z]: i

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




7.2.1.2 Active set allocation

The radio-planner can specify for each BS the active set(s) it is belonging to:
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Tx/Rx parameters: & BS6

Generall Patternsl Ehannelsl Site  Advanced |
Type (0] Signal [30] Modulation [18]
cae [p[f]  |TwRsa x| |WimaxPIMFODD  w|  |160AM 1/2 M1 -
et
Carier [dBm] |90 Sa | gl

i

Fath budaget threshold 10-6 [dBr)® |-83.00 uzed v I.I— Cancel téex |0
............ —— i I— | ot [

Fath budget threshold 10-3 [dBm] |-88.00 LIzE 2 f
— e [om0

| By uged [ I |
Caverage threshald (dBm)* |70 ] -

o | P II:I

R threzhold [dBm]* |92 e | wsed [ I'-' il I[—
s - oA n
E.TEF [dBm] |. uzed v ;

Mpize flnar T40e

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.

|=I
HBHHD\'EI‘ map !

" Handaver map
%" Soft Handowver - active set

Ackive Set #: I i

" Hard Handover - active set

Handawer margin I 5 dB
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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. ICS telecom can display where the mobile anchored to a specific active set will have to hard hand

off to another one.

Hanauver map

" Handover map
" Soft Handover - active set

Active Set #: I 1

% Hard Handover - active sat

Handowver margin I 10 dB
‘Wanted threshold -100 E

Avalable active setis):
1.2,

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.

47

"Hand over analysis of a mobil WiMAX unit i
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8 WiMAX radio-planning: a workflow with ICS telecom

WIMAX 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.
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