UNIVERSIDAD CATOLICA ANDRES BELLO
FACULTAD DE INGENIERIA

ESCUELA DE INGENIERIA DE TELECOMUNICACIONES

CALCULO DE CAPACIDAD DE UNA RED FIJA4 BASADA EN WIMAX
IEEE 802.16d
APENDICES Y ANEXOS

TRABAJO ESPECIAL DE GRADO
presentado ante la
UNIVERSIDAD CATOLICA ANDRES BELLO

como parte de los requisitos para optar al titulo de

INGENIERO EN TELECOMUNiCACIONES

Rosell Carolina Barrios Benitez_
REALIZADO POR =

José Javier Barrios A.

PROFESOR GUIA

FECHA 24 de Septiembre de 2007

’ S




Bslenia de Cariad ad e n s el T n A s ae WITKAA M TEDE 200 184

Fiee T L S D WY LIRS e 4

APENDICE B

Codigo Fuente de la Herramienta

Pigma 95




function varargeu

ngleteon
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mfilename,

nuieton
gui

Singleton, a
=ntacion Opening

UL C
gFC
1tputFen,

= stru

gul State =

&& 1scl

nargin
gul Slabte.gui Calil

— g Ul mainicn igul State, Varabgliitiill;

imargout]]

fguil Statbte, varargini:})q

=ntdata,




set (handles. axes3, Y
set (handles.axes3, p L1735

# [
ol 1 i
r .J;

E
7]
=
Q
=
=
=
]
o
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= modulo presentac

ject, eventds




i Ex
function ESCA

hObject

PE_Call

ST Ck

event
handl

close all

function
MODULO

i SUJL o 1ons ol 5 Menuy . noose "GUIL allows
nee | ri st T
See 2 [DE,
Edit 1€ slel [ )1 [ “he nse o he modulo 1 T1SI0
Last 1 ¥ GUIDE 5 ] l 08150
B { lLizatlon code — DO B iy

gul Singlelon = 1y
qui:state = struct (' 3 mfilename, ...
, gul Singleton,
'gul OpefilngPRont', @moau'I_O_transmisor_f)peningﬁ'cnr
ULl Gutput . @module transmisor OutputFen,

".-"!_"s =" [1):
if nargin && ischar(varargin{l])
gui State.gul Caliback ~ strZfunc(varargini{il});

1f nargeout
i

Varabrgouti{ilinatgout}] — gul mainfcni{gul State, vaiargini:jjq




gui mainicnigul Stale, varargini:jj;
end

End initialization code — DO NOT EDIT

| Cces Jusbt be I‘f-_ re modu ' :_. ransrni or is
moduleo transmisor OpeningFcn (hObject,

1 nas nc C 1L S = (O -
| I
1 I =i 1 D be BT I fu Belrs LA
tructure w | = aft = rl
vararain command line argumsnts to L1 | iy W [
set (handles.diagrama, "“ciclk’', [1);
set (handles.diagrama, ' v BV
gset (handles.antena, . 17
[#,MAP]|=imread (' )i
axes thandles _antena):
imshow (x, MAP) ;
set (handles.antena, I
set (handles. antena, P
1 e M o W YO I
! T2l { user res 7 [ ITRESTIMT
this function are returns 1

= modulo i

¢ (hOkbject,




cutes during
editPOTENCTR

1f ispc && isequal (get (hObject,
get (0, | j* L E
set (hObject, 'Back: ol

end

function editGANANCIA Callb:
g RAanALE

“ion editGAN

sequal (get (hObject, !

set (hObject, "Bac




1tion, afte: etting all

CeFen (hObject, eventdata,

ECUENCIA Callback{hObject, eventdat

CUENCIA

function sditFRE




adits Creatercn (b iack, < ntdata, handles)
LT 1 Fu S1o1 f
| 1 1 3 = Fer
11 = 1 | & il 5

function

eventdata, handless)

| & hOb han < [ )
I =% e ] | 111 a £ 1 I
Ll Fe TRy Mg l oo | lata JI
nts: jsle f g ') re I ntent f B
lon e 1 [lem] T ! Ay 11T L 11
double
T 1 %71 - T & e T 11 Y
Ll / 1 L A (D | | < SLEE] } i 3

eventdata, handles)

11

called

| = Hint: adit

if ispc &é
get (0, 'd

set (hObject ~'1 Ll 11 Fa Ty B2l

1
¢

end

eventdata, handles)




eventdata,
hebrect
eventdata
handles

calle

set (hobject,

function ulpane eleckt: rwangeFfon (hobj ., eventdata,
hobec : )
eVellt
handles




set (handles.diagr ! !
[%,MAP]=1imread (' EXa i B

axss(handles.diagrama)

imshow (%, MAPR) ;

set (handles.
set (handles . di

e [107
R e

end

Ei

.editPOTENCIA, ' Fk, din




Gt=strZdouble (get (handles.edi tGANANCIA, '5T1 it b
GE

NF=strZdouble (get (handles.edi tFIGURAruideo, ng'));

global
NT
|

global ¥;
F=str2double (get (handles.aditFRECUENCIA, 'St e i

i

glokal Dj
' =str2double (get (handles.editl0, To R BN

w [l

end

Callba

ck (hObject, eventdat

Hints: ge

a double




function editll Create Phih eventdata, bﬂﬂdlbb}
hebject 2 L D 4 = G )

el tda

Executes during

handles
aalled

1. thOb ect,

function varargout = meodule rec pLor{haFGKQ““}
MODULO : COR M-file for modulc ept ol

e Loc

argumen




guiliState = struct('gui Wame',

1f nargin && ischar{varargin{l}}

gul Stale.gul Calliback = scrZi

erncl

if nmargout

[Vvarargoutbiiznargoutbt}] - gui
else
gui mailifcn (gul State,
endl
End i »j ol IC

fiunction modulo
vararginj

set thandles.diggrama, '~ et
set (handles.diagrama, k'
set (handles.antena, "Vvisa "
f3, MAP]=imread({ ' 4i 32 e
axesthandles antena):;

dmshow (x, MAP) ;

set (handles.antena, '“tick', [1)
set (handles.antena, 'ytics', 1])

——— OQutput:
functlon varargeut
th‘iJ.LuJ_l:t:'u}

]
!

mfilename,
C]Ll.l E:lpnir“‘i'on’

@modulo receptor Opeﬁr

[]

[1%):

’

une {varargin{iji;

'\.fuj_'.:l.'l'_'g'l.u{ 56 A

imanicnjgul

_receptor_ OpeningFen (hObject,

ae

Brate,

made

varargilj:

ntdaid,

1R
lgee

i

handles

I,
@modulo receptor OutputFen,

r




function ganancia C

handle
1andle

e

hob]
event

handles str

function ganancia Cre

hObject

See I
if ispc && 1is
geti(0y 'defaultl

set (hObject,

end

function perdidas
hGbject handl




——— HEXecutes

function salir

funection

hobject

p=get (handles.salvar,
if p==1,

global Gr;
Gr=strZdouble (

Gr

% % SRR

B ry

Executes on b
-

function continuar C

et

back

1]

,L:.,_ =i

allback

ata, handles)

(hObject, eventdata, handles)

hobject,

z
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|{1
’j
)
L
O
o
o
A
t

function ulpanell SelectionChan eventdata, handles)
hokject ] : ) 1] |

eyventda

handi:

if (hobject==handles.uno)

set(handles.diagrama, 'Visible', 'on');
[x%,MAP "1mr@aﬂt : mp ')
Elds

=
amsh

set (handles.diagr:
set (handles.diagra

set (handles.diagrama, '¥tick', [1);

set(handles.diagrama, '“ticlk', [1)7
elselif (hobject==handles.tres}

set (handles.diagrama, 'V Lty 7 M

[2,MBP]=imread (' 120 )i

a¥es handles diagramz) ;

imshow (x, MAP) ;

set (handles igrama, R

set (handles.diagrama, 'V L1 Yo B33
elseif (hObject==handles.cuatro)

set (handles.diagrama, ' I / ) ;

[, MAP]=imread (' 1:50g ! Yur

axes (handles diagrama);

imshow(x, MAR)

set (handles.diagrs: Pl

set (handles.

{1
el
7]
m




set (handles.diagrama, 'L ¢
set (handles .diagrama, ' ket

—

endl

eventda

(e 1 | return
double
$ ——— Execut during object creatien, alfter setlting

function edit7 CreateFcn (hObje
hobect handle to edit (ses o

funetion
MODUTLC

= modulo propagacion (varargin)
N M-file for module propagacicon




_; 1]I'| reo 'f_: T T =
% applicati
‘-'.'__u Ad] TInputs : pass
Varargin.
{ _Jl'uii_"
alet

Begin initialization code Do NOT

gul singlelon = 1;
gui State = struct ('m raie’ ,

¥

if nargin && ischar(varargin{l})
: s Cail

1f nargout

fvarargout{i:nargoul}] — Jul mainfcnigul

{1}
s
1)

gui mainfocnigui State, vararginiilij;

end
Bnd initializaticon code - DO NOT

function n@dLlﬁ
varargin)
dihiis function has no cubput

set (handles,
seft (handles

set(handles .z Z
set (handles.axesZ, '\ ¢ Lo

set (handles.axesl, 'V 3 7O =) o Rl
[%,MRP]=imread [ne IR
mresithandles  axegl) ;

=

imshow (x, MAP)

set (handles.edit7, 'viz1 Y VaTEE e

back — strZzfunc{vararginilj),

Stabe,

\.fcu_cl.[_gj_'l'li =




Setllhandles. text32, "Visible', "alL");

t=1/8000:1/8000:4;

for "_—] - Ijlf:l’r

ampiitud=20;

x=amplitud*sin (2% (pi/4)*10* (t+3)};
(2

y=amplitud*cos (2% (pi/4) *10% (t+]3))
s&t (handles. axesz, | I RV " ;

aXes (nandlies.axessd)
plot(t,x, "q'"});

hold

plot (t, v, "m"};
hold

arid

AXIS([0 1 min({x) max(x)])
M{:,7) = getframe;

el
=g L |

set(handles. salvar2, 'Vizss ety YT 2
set (handles. text3, "vi=l g hidi g
set (handles. texth, 'Vizible', "aoff');
seti(handles. textT, 'Vis it 1

set (handles.text9d, "vizib =", "aff');
set (handles. textll, ' ety L")
set (handles.textl3, 'V et )i

Choeose
hanciliss:

Update han: str 85
quidata (hobhiect, handles):

SOUTWATT makes module propagacion walt for user RESUME
uiwait(t lles. figurel);
=— Outputs from this function are returned to th commandc lins
function varargout = module propagacion OutputFcn(hObject, eventdata,

Tlandies)
Vararge

——— Executes on button p i et .
*t, eventdata, handles)

Tunction salvar Callback (hObje
hitbject he to salva
eventcdata : s
handles




‘p—get(handles.salvar, 'values
h

global fc;
fe=str2double {get {(handles.fc, 'String’
S

glebal hBS;
hB3=str2double (get (handles .hBS, '5trl
hRS

igliobal BMS:
hMS=str2double (get (handles.hMS,
hMe

global d;
d=strzdouble (get (handles.d, '

bject, eventdata,
§ hobject GCBO)
% leventdata re

(o

% handles

structure

if (hebject==handles.uns)

set (handles
set (handles

.text3,
.botonl,’
set (handles.

PEL, 'Vis

set (handles.
set (handles
set (handle
set (handles. t
set (handles.

2
a

end
1F(hebject==handles.dos)

zet (handles .botonz, 't
set (handles.boton, '
set (handles.botond, "V
set (handles.botonb, 'V
set (handles.text>, 'Vi
set (handles.texts, "Vis
set (handles.text?, '
get (handles.textd, 'V

handles)




set (handles.texts, "Vi: =1, vart)
set (handles.textl0, siblet; Yont)
setllhandles . textl]l, "Visible', Ton');
setithandles.textl2, "Vizsible', Tan')

get (handles.text3, 'Vizible', "off");
set (handles.textl3, "V hle!, *off'):

end
1f (h@bject==handles.tres)

set (handles.botont, sible'y Yoty
setdinandles . textl3d; "Visibhle!' , lon');
get (handles.textld, "Vizibhle', Ton')s
set (handles.text3, ’ ")
set (handles.texth, 3 ! e
set (handles.textT, silblet,; Yelffh) ;
serelhiendles. textd, "Visible', 'off");
sez(handles. textl1]l, 'Vigibhle' , "ofT');
end
@ hiecutes on button pregs in betenl.
funetion botonl Cdllbdf?fhﬁb].\ eventdata, handles)
% hobject handle bk see GO
% eventdata s o 0 e L
% handles structure witl u

global PB;

R=lFO -2
S=R/X;
PEm=10*1ogl0 (S) ;
PI=10%1ogl0(P) ;

global D;
distancia=20%1ogl0 (D) ;

global F;
F=20*1Lagl0 (F) ;
global PERAIDAS

PRERAIDAS — SZ.5 + diﬁtdncia -+ 25
set (handles.PEL, "2tring', PERAIDAS) ;
g FxecuEes on button press in botonZ.

function boton2 Callbﬂck(hobject, eventdata, handles)
& hobiject handle to boton2 : CRO)
% eventdata reserv s

% hancles sthrucgture with handles and user data (see




global fc;

global d;

)

fa

global PL COST231 WT;

PI) COST231 WI=42.6+26%1ogl0 (d)+20%10g10 (fc)
set(handles.texts, 'String', PL_COST231 WI);

B Exccutes on butten press in

function salvarz Callback (hObj
hobject I

i eventdata
handles

global hroof;

‘hroof=str2double (get (handles

set(handles.edit?, "V1= .

set (handles . text32,

set (handles.salvarz,

= Fxecutes

function boton3 Callback (hOkject, eventdata, handlesz)
hobject I 1 5 beton3 (sse GCRC
eventdata
& handles
glebal d;
glebal fc;
global hBs;

C=menu ( "%
favoer ',
BT EICTO

{5

M=modeloicjf
if M==1

global PL XIR;
PL XIA=40%1ogl0(d)+30%1logl0(fc)+49 ‘en db

set (handles.texts, PL XIA);

L4

glself M==2

set (handles.salvarz, . Ton vy
setihandles.text3z, , 1, #4)
set (handles.edit?7, . vy

global hroof;
global PL XIA;
BL HIN=38*10gl0 (d)-18*10ogl0 (hBS-hroof)+21*1ogl0{fc)+81l.5 .en dE




get (handles.texts8, ' =i ng "y PL_XTIA);

glse
global PL XTIA;

PL YIR"ﬂO*lHQlUid‘—ﬂ”*|ﬂﬂluff ) +350 |
set (handles. texts, tring', PL _XIA);
end
g Execute button ptress in botond.

function boton4 Callbqﬂkfhobj~ -, eventdata, handles)
EHObgect dle 4 {(see GCEO)

b eventdata rese
g handles str

global hBS;
global hM3;
global fc;

global d;

HE-rcx10°6;
if FC<=200000000

Al (S )=i8.25% { {LoglU{i.54%nM5) ) * {logld{1.04*uMS)j)j—L.1
glse

AL {ImiS i —[(3.25 1 {1logl0 (11.7070Ms) ) *{loglO (LL.70%0S) ) )1 —4
end

-1

gy

Bl=4¢_ 3433 9*1oglD(fc)-13.82*1ogl0(hRS) +al (hMS) !

B=ud 0 G 5htlaglO{hdd)

C=menu ('

ek ropol itan marg Y e i = 3}
centro= [0,37;

gentro=centro (C) ;
&

glebal PL_CDST?.B]_ HATAL;
Bl COST231 HATAI=A14+R*loallid)+C
10 31 BATAL)
=10, | i ] i
——— Kxecutes on button pre: n botond.
function boton3 Callback (hObject, eventdata,
Hehiject handle teo boton! = GCBO)
eventdata Lserved E = = 1n § i f MATLA
handles structure with ne u [A)

global hES;
global hMS;
global fc;
global d;

af fe<=200000000
al (iMs)—{5.Z29" { {loyll{1.04*IM3) ) ¥ (logld(1l.54718) ) j]j—L.1
else




Al hMS)={3.2% { {LogiU{il. 75 hMS) 1 * {1ogll{ill.73% M5 i1 i—a. &

@ fenu (' Para este tip

[ 1 F] r

if M=1

globkal PL HATA TUL:

ELHATA TUL-85.55+26 FLoglioiIc)—13.62%Logli {ubg) —al (i5)+{44.5
6.55*1ogl0(hBS) ] *1logl0 {d} BN dB

set (handleg.textl2, "=l bz PL_!‘LI\.TP._'I'U.L 1
else

Fl, HATA TUi-65 53.82%10oygl0{nBs) —al (Ii3) v[44.5—
6. 55*log10 ({hBS) 1*1e

glebal PL HATAH

B, HATA T31=PL IJ\TI\ . TUL-2*[{logl0 (fo/28))* (loglO(fa/28))]-5.4

set(handles.textl2, '5oring’, PL_HP“P‘_TSl} ;
end
£ —— Executes on button press in bot
functlon botonu Ca lea”L {]10b:|pr*t c*«:nt,i\ ta, handles)

nobject handle to botont (sees
eventdata cved o be defi 31 i AT
| noles 12 ee Fal

if fe<=200000000

Al {nM3S)=i8.25%{ {10glO{1l.34"nmM3) ) * {1ogl0{i.54" M5} ) j-1.1
else

Gl {(HMS) — i 3.2% ( (1ogl0{11.70%NM3) ) 7 {1logli{(1i.70%Ms) ) ) i—4. 57

end

FL HATEH 5+26.16%Logil{fe)—13.82%10gi0{nubs) —al {hids) +{44.5-

H
|:'
'.}
i
b
3:
C
9(" C‘
ke

w35
B 5“*1@‘*10{11135, loglQ(d): EN dB
global PL. HATA RUL;
J:'J..l L‘Lt"l.l."". J.'iL_l.J. ~-EL HJALIK jUL—

4. 78*[(loglﬁfff')\*fJogiufrcHH] .33%10gl10 (fc)-40.¢

Lo

4 en dB

et (handles.textld, 'O ', PL._HATA RUL);

function fc Callback(hObject, eventdata, handles)




Handle to fc [(zes GCBO)
reserved - to be dc,;r*d in a future version of MATLABR
structure with handles and user data (see GUIDATA)

Jet (hobject, !

- string') returns contents of fc as texrt
strZdouble(get (hOb] -

ect, "Btring')) returns contents of f¢ as a

ecutes during object creation, after setting all properties.
tc CreateFcn (hObject, eventdata, handles)
handle to fc (s=e GCEO)
reserved - to be defined in a futurse version of MATLAB
empty - handles nobt created until ‘Tﬂ: all Createfcns

edit controls usually have a white background on Windows.
ee ISPC and COMPUTER.

e isequal (get(hObject, 'Ba-kgronndColor’),
sultuiconbralBackyroundColert))

oloe', 'white' )y

1. hBs callback (hObject, eventdata, handleg)
: handle to hBS (ses GCREO)

ata reserved - to be defined in a future version of MATLAB
idles structure with handles and user data [(ses GUIDATA)

Nget (hobject, 'String') returns contents of hBS as Lext
str2double (get (hObject, 'String')) returns contents of hBS as

es during object creation, after setting all properties.
S_CreateFcn{hObject, eventdata, handles}
 handle to hBS (see GCBO)

za. reserved - to be defined in a future ve
empty — handles not created until after

- controls usually have a white background on Windows.
'PC ahd COMpUTFR

llback (hChject, eventdata, handles)
e to hMS (ses GCEBO)
reserved — to be defined in a future wersion of MATLAB




structure with handles and user data (=see GUIDATA)

get (hobject, 'String') returns contents of hMS as text
str2double (get (hOhject, 'String')) returns contents of hiS

= Executes during object creation, after setting all pro
ion hMS CreateFcn(hObject, eventdata, handles)
handle to hMs (see GCBEO)
reserved - Lo be defined in a future version of

empty — handles not created until after all Createfecns

edit contreles usually have a white background on Windows.
Sge ISPC and COMPUTER.

8DC L& 1seqLal{ﬂeT{hOb]e~t

hlidefaultUicontralp i

et (hObject, ! chkglCULJUDI

ion d Callback(hObject, eventdata, handles)
£ Hobject handle to d (see (GCBO)
%ﬂé?éntdata reserved — to be defined in a fut Jersion of MATLILB
i structure with handles and user

& Hints: get (hObject, 'String') returns contents
i str2doubles (get (hobject, 'String')) returns
double

——— Executes during object creation, after setting
netion d Creatchn{hOhﬂEFt, eventdata, handles})
" handle to d (see GCBO)
reserved - to be defined in a future
empty — handleg not created until

% Hint: edit controls usually have a white background on Windows.

See ISPC.and COMPUTER
ispc && is qualtget nObject kgroundCeleor),
pidefaultlUlic LrelBackgroundlo '::‘}}
s&t{hOb]ect,‘FwawnU-

——— BExecutes on button press in centinuar.
ien centinuar Callkack(hObject, eventdata, handles)
] handle teo continuar (see GCBO)

ressrved o be defined in a future wersion of MATLAB

structure with handles and user data (see GUIDATA)




FRecutes on button press in salir.
don salir Callback(hObject, eventdata, handles)
handle to =salir (ges GCROY
reservyed - Lo be
structure with handles

a future versicon of MATLAE

= fxecutes on button press in anterior.

on anterior CaileCV{th]ect eventdata, handles
biject handle to anterior (: ]
eyentdata reserved - to be a future
handles structure with handlegs and user dalta

MATTAR
IDATA]

lon edit7 Callback(hObject
lBhject handle to edit?

aeventdata, handles)

0}

eventdata reser to e L ih ol MATLAB
handles structure with and

WOHInES: get (hobject, "String') returns contents of adit? as Lext
£ str2double (get (nCbject, "3tring')) returns
deuble

B Executes during object creation, after setting all properti
function edit7 CreatﬁFcn(thjeﬁt eventdata, handles)
2 hobject handle to editd (:

% eventdata reserved - to be
% handles .
‘called

a future werslon of MATLAR

— handles not created until after all CreateFens

% Hint: edit contrels usually have a white background on Windows.

A See ISPC and COMPUTER.

if ispec && lsequai(get(hOb]ect

lge=(0, 'defaul tUio: !:Liﬂlﬂﬁ“uj|-.J_J
set (hObject, 'BackgroundCalor’

‘end

8 Fxecutes during object creation, after setting all propertiegs.
function entornos_Creatchn(hobject, eventdata, handles)

§ hobject handle >
B everitdata resear

L istbox controls usually have a white backgreound on Windows.
I5PC and COMPUTER-
sequal{ﬂet{hobject "B

Uico

Set(h_uject, E»;:JLOHL:




JEes on selection change in entorno.

‘enterno Callback (hObject, eventdata, handles)
rect handle to entornc (see GUBO)
dlata reserved - to defined in a
: structure with handles and ussr

Fersl
/
(

| S2e

contents = get (hObject, 'String') returns entor
L array

gontents{get (hObject, 'Value')] returns selecte
orno

entorno

case 1
set (handles.text3, "

set (handles.botonl, '
set (handles.PEL, 'V

set (handles.botonZ, 'Visible', 'on');
set (handles.boton3, '"visible’,'on');
set (handles.botond, 'vizikle', 'on');
set (handles ., texts, 'Vizsitle', 'on');
set (handles. texte, 'Visihli=", ry e
set (handles.text7, '"Visible'’, 'on');
| set (handles.text8, 'Visible', 'on');
set (handles.text9, 'y byl 'en'Y;
I set (handles.textll, "Visible', 'en"):
ease 5
set (handles.textll, 'Visible', 'c 2

set (handles.gextl2, 'Viaible', 'on');

set (handles.botonb, "Vizikle', 'on'});
case 4

set (handles . botong, ' siblea’, 'on!

set (handles.textl3, 'V =1
set (handles.textld, 'Visible', 'on!

B hxec |
function entorno Createfcn (hObject, eventdata, handles)
% hobject hat
T eventdata
5 handles
galled

entorne (see

HinE:

cutbes during object creatlion, after setting all

popupmenu controls usually have az white backgro

ot of
GULLDAT

A)

no contents

d item from

25

WS-




> ISPC and COMPUTER.
ispe && isequal {(get (hObject, 'Baclkground olar® )i
{0, 'defaultUicentrolBackground: -:|”]}

o e Pren T e 2 A

Lxecutes on =el : in modelos.
Eunrt1cn modﬁios_Callbac (‘Obq ct, eventdata, handles)

Ién GCBO)

ded

J
Il
1
i
t
Y
[

ec 1tem from

modelaos

er settin | did

“reation, a

——— ERecut during object £t
function modelos (rentﬁFcntthjﬂct eventdata, handles)

a white ba

s
if ispc && 15equa1 [get
g.s:-t!f'] Melefatl T (el ie g 12 bl A

set (hObject, 'F kgrouncdloler?, "white”);

'BackgroundColor ')

end

function varargocut = modulo resultades(varargin) !
RESULTADOS modulo resultados.fig
MODULO RESULTA
raises the exist

[
m &
ek

MOTULC RESULT

Moo T,u

' hobiect,eventbData, handles,...) calls

with the

function
1nput

RS =1"]

_________ Starting from the
modulo resul
property




to modnlo resultados Openin

stop. All inputs are
varargin.

r

mnenu.

o0 de e o on

e

i See also: GUIDE,

Fdit the abocve

o

% Last Modified by GUIDE v2.5 20

code — DG NOT EDIT

£ Begln
QUL DLHQLCLUN
gui State = stru e # mfilename, ...

r' qui_ sSingleton, ...
@modulo resultados_OpeningFen, ...
EGmodulo resultados OutputFcn, ...
LI i v s

(1)

E
Cailliback — ULLLfUﬂC(VdIdLglM 111

if nargout
{varargout{l:nargout}] — yul mainfen{gul State, Varacgini:jj;
else
gur mainfenigui Stale, Vararyin

e,
i
e

-

end

End initialization code - NOT EDIT

tados 1s made wvisible.

just before modulc resu
eventdata, handles,

—== Execut
funﬁtlon modulo resultados ﬁpmnlpghcn{

varargin)
This function has
' handle to

itput args, see

future

definec

oe

structure with handles r data
command line arguments te module res GIN)
set (handles.axesl, 'Xtick', {1}
set (handles.axesl, '7"tick', [1):
zet (handles.axesl, 'Vio=s bil=","an');
[, MRP]“lmread( ultados. Jpg')
an fhandlsﬁ-axesl}:

lmﬁhow(x,- P);

line output for modulo resultad

command
hnhﬂﬂﬁ+'

handles structure




Qutputs Lrom i1s funclbtion are returned to the cemmand line.
function varargout = modulc resultades OutputFcn (hObject, eventdata,
nandies)

y For returning output args (ses VARARGCUT) ;
figure

o be defined in a future
with and user data

Get default command 1

ne output from handles structiure

1 Sl
rarargout{l}l = handles  oubtoat -

in beotonl.

function ketonl Callkack (hObject, eventdata, handles)
o 2 bhotonl : GCBO)

= L = defined 1n a future vers

with handles and user data (see

cutes on button pre

be

global PEL;

global DO;

global P;

global Gt;

global Gr;

glohal F:

global Ltry

global NFE;

global BWrx;

¥=1*107-3;

B=P/X;

oT=10*1agl 0 (8)

Pr=10*1ogll (P}

Ltt=2;

Lint=0;

PR= PTm - Ltt 4+ GL - PEL + Gr — Limnl - Lt
BWl=bwrx* 10000007
4

Nrx= -174 + NF +10*1logl® (BWC);

r
=
~

-—— Executes on button press in botenZ.
function boton2 Callback (hObject, eventdata, handles)

hobject h BO)

to boton:

ined Lure

cdata (s




1 1 = ysadas
strar— e
MOSTRAR=mMostrar (M} ;

if MOSTRAR==]

global BSNR;

1t BSNR>=6.4 & SNR<Y .4
set (handles modul, "string’, "BFSK") ;
else

1f SNR>=8.4 & SNRE<16.4

set (handles _modul; 'String', "OPSKE');
else
1if SNR>=16.4 & SNR<22.7
set (handles.modul, 'string', "i6-QgRM");
=lse
if SNR>=22.7
set (handles modul, 'String', "od-=0aM" ) ;
end
end
end
erdd
end
global BNR;
1f SNR>=6_4 & SNR<9.4
set (handles medul, 'String', 'BEBK') ;
else
1f SNE>=9.4 & SNR<lg.d
set (handles.modul, 'String’, 'QPsK');
else
1f SNR>=16.4 & SNR«<22.7
set (handles modul, 'String', '16-0RM' ) ;
else
1f SNR>=22.7
set (handles.modul, "Scrang’, ‘o4 QRM' ) ;
end
end
end
and
glebal y:
v=8NR:
~—— Executes on butteon press in botoni.

Iunrtlon boton3 Callback (hObject, eventdata,

handles)




% hCbject

% eventdata
% handles
glebal D;
global PB;
global Gt;
global Gr;
global F:
glchbal Ltre;
glebal NE;
global BWrs;
glchal PBEL;
global BSNR;
Ttt=2:

Lint=0;

tructure

reserved - to
witl

it SNE>=6.4 & SNR<9.4

global TASA;

SNE \n)Y;
fprintf('Li
fptintf {'BES
fprintf('Ln
fprintf('1/2
TASA=L1/2;

els

il

1f SNR>=5.4
global TASA;

fprintf ( 'WIMAL

SHNR A\n');
fprintf (!’
forintf('C
fprintf (")
T= menu |’

Bs Jja wnadt pTe

Casa —

else

fprintf ( "WIMAX
MODLTLACT
|.

SR
(s

ke

’

LEL DR

w10
vl

UTILIZR

vty

AN :’);

handle to botond

be

5]

SNR<1lG. 4

UT T2

NpNTT )

Li/2,3/47;

ThSAa=tasa(T); ES NECESARIO

VIO LB T U]

if SNR>=16.4 g SNR<ZZ.7

global TASH;

fprintf { '"WIMA

SNR \n'j);

Tprintf (' LA
fprintf('lc

fprintf ('~ o

T= menu('rat

Esco g g

e
Casa —
TASh=taza(T)

else
1f SMR>=22.7
global TASAH;

fprintt ( "WIMAZ

BNR

P e B -

fprintf{ "TA MO

forintf( "64
fprintf('n

LL/AZ, 57

‘

X UTILIZA

handles

SN CORRESPONE

MODULRCTC

(see GCBO)

defined

bl

and

Fl

a future v

user

data

& N BES
ADAPTAT IV
ILLENTE 2

PARL EL

ES NECESARIO PARA

(s

N ,__l)

ST TNIACTIC

[LIZA8 MOD

EL

CALCULD

CALCULO

versiocn
(see GU
DADO R
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i
I'—_ > EJ 2y
AT |
nyi" J i
THICA
YL

AT RTI
i ) LY
1 4 T GBI

DE

DE

EL

THROUEHEUT

!




T= menul 'rara tazas de Codiflicacicen de
Escaja una:z:', 't =

tasa — [2/3,3/4

ynss=Tasa (1) ¥ LO DERO USAR PARA FL THROUGHFUT t!1il

end

end

end
end
set (handles. tasacedaf, 'String’, TASA) -
Trafaco=stridoubhle {get (handles editlld, 'S0 R T
Througput = (Trafice*(1+0 2}3/ (0 89*TARAZD)

~—— LExecutes 5 1n botond.
function botond Callback{hOkject, eventdata, handles)
hObjeat handle to batond (see GCRO)
eventdata reserved - to be defined in a fubture version of MAT
handles structure with handles and uszer data (see GUIDATR)

global
global P:

global Gty

global Gr;

global F;

global Lir;

glebal NF:

global BWrx;

global PEL:

global SKNR;

global SNE;

Lit=2:

Lint=0;

glokal 7
BWCZ=BWrxz*100000G;
C=2*BWC2*1log2 (1+5NR)

g

set (handles . capacidad?, 'Stoing’ )y
—— Executes on button press in botonb5.
function botond Callback (hObject, eventdata, handles)

hobject handle to boteond (see GCBO)
eventdata reserved - Lo be defined in a future version of MAT
handles structure with handles and user data. (seg GUIDATH)

global Trafico:

global TASH;

global ThrougputZ;

Througput = (Trafico* (1+0_ 2)1/[0_ 9*TRSA) ;
Througput2=Througput/10;

cot (handlas frouvumgount 'Str1inag! 'T‘-“!"\rnﬂrjnné-"“'u -
e nannt es, Trougpann, ol SINIK 2batodhls b osakat e

L —=— Executes on button press in continuat.
function continuar Callback (hObject, eventdata, handles

Cansl

LAR

LAR




CRoeen a
BTMI !T.‘QC

B Tt Loy

capa= [1,.21:
AN e 2 /) -

if onPmei
global
BUOP=RWrx*100
MutllERT=196;
Sqad B wdy

TPg=0.0114;

globkal
TR=FEhn*Orenuat il

)
g |
e |
=
wu

else CARA==
global
BRWC2=RWrx*1 000300
NutilFET=1536;
;&5»a§gf;n
Tg=0.0114;

bn=i;

b fu

global =

end




nok e

tdata

handles

global
global
global

global

NUI={m* [EWEntal-2%Ru

amr Rprd IA

aglobal
glabal

FPEL = PERQIDAS;
global
e )

glcbal
global

PEL—PL CusY
global

T

o




glaobal

end
if
global
global
PEL-PL, COSTZ31 HATA
global
el | osl
end
1T
global
global
FEL—FL HATA TUL;
global
: > LTyL) . i_'||'_-l‘.’-'.
end
IEE
global
global
PEL=~FLs HATA T31;
glebal
'y | i
end
if
global
global
PEL—FL HAT i

glokal”

——— Ee
function

a-Hata

LRallc




handies structure with handlies and us
global

data (see GUIDATA)

-—— Execulbssz on

in pushbubttonl].

GCBO)

version of MATLAB

(see GUIDATR)

= i on button

function
nokject handle te antericr (see

a future

uszer data

- press
function

GCBO)

ned in a future
and user da

nandle to hotons |

global
global
global

global

rgtrang’

on button

syventdata ¢ YV ED o be ¢ ed in a future wversion

=r data (see GUILDATR)

handles

global
global
global




global
global
global
gglobal
global
global
global
global
global
global
glaobal
global
global
global

AR
Ba LOEND N

larrics Benilt

function

MOSTRAR

MOSTRER PF ('CALLBACK', hOb et

lpogal function
arguments.

ZANNIT

narmed

CALLBACK

———

new MOSTRAR. PR or rais




meriul

[DATAR, GUIHANDLES

he above tezt te modify the !
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gui Singieton — 1; |

function
This functior
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handles structure with handles and

varargin command line argur
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axes (iiaid

grid
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% Choose default command line output for mostrar pe
hazndle= sokpat = Bobieet:

Update s structure
guidata{hObiect, handles):

% UIWAIT mak ostrar pe walt for uss
uiwalit (handles. figurel);

response (see ULRESUME)

——— Outputs from this function are returned to the command line.

function varargout = mos Lra\r_p‘a putputFen {(hObject, eventdata, handleg)

LOWAar dIJDH| cell array for returning ocutput arg VARARGOUT) ;
hOb] e handle to figure
eventdata reserved - to be de

{17}

3

ton of MATLAE
GUIDATL)

fined in a Tuture ver
handles structure with handles and user data

command 1

L
= handlas _ n

H G LR R

ne ocutput from handle= =

on button press in regresar.
funct on regresar Callback{hObject, sventdata, handles)
hobje ndle to regresar (see o
rved — Lo be defined in a future version of MATLRE
structure with handles and user data [see GUIDATA)

on butten press in continuar
Iunctlon uontlnuar ~ Callback (hObject, ev&ntdata, handles)
= GCBO)

hOb handle to contirar

— tao be in a future wversion of MATLAB
= A

with handles and user GUIDATA

close all;
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ABSTRACT

The broadband wireless access industry, which
provides high-rate network connections to sta-
tionary sites, has matured to the point at which
it now has a standard for second-generation
wireless metropolitan area networks. IEEE Stan-
dard 802.16, with its WirelessMAN™ air inter-
face, sets the stage for widespread and effective
deployments worldwide. This article overviews
the technical medium access control and physical
fayer features of this new standard.

INTRODUCTION AND
MARKET OPPORTUNITIES

IEEE Standard 802.16-2001 [1], completed in
October 2001 and published on 8 April 2002,
defings the WirglessMAN™ air interface specifi-
cation for wireless metropolilan area networks
(MANSs). The completion of this standard her-
alds the entry of broadband wireless access as a
major new Lool in the effort to link homes and
businesses to core telecommunications networks
worldwide.

As currently defined through IEEE Stan-
dard 802.16, a wireless MAN provides network
access to buildings through exlerior antennas
communicating with central radio base stations
(BSs), The wireless MAN offers an alternative
to cabled access networks, such as fiber optic
links, coaxial systems using cable modems, and
digital subscriber line (DSL) links. Because
wireless systems have the capacity to address
broad geographic areas without the costly infra-
structure development required in depfoying
cable links to individual sites, the technology
may prove less expensive to deploy and may

lead to more ubiquitous broadband access.
Such systems have been in use for several years,
but the development of the new standard marks
the maturation of the industry and forms the
basis of new industry success using second-gen-
eration equipment.

In this scenario, with WirelessMAN technolo-
gy bringing the network to a building, users inside
the building will connect to it with conventional
in-building networks such as, for data, Ethernet
(IEEE Standard 802.3) or wireless LANs (IEEE
Standard 802.11). However, the fundamental
design of the standard may eventually allow for
the efficient extension of the WirclessMAN net-
working protocols directly to the individual user.
For instance, a central BS may someday exchange
medium access control (MAC) protocol data with
an individual laptop computer in 2 home, The
links from the BS to the home receiver and from
the home receiver to the Japtop wonld likely nse
quite different physical layers, but design of the
WirelessMAN MAC could accommodate such a
connection with full quality of service (QoS).
With the technology expanding in this direction, it
is likely that the standard will evolve to support
nomadic and increasingly mobile users. For exam-
ple, it could be suitable for a stationary or slow-
moving vehicle.

JIEEE Standard 802.16 was designed to
evolve as a set of air interfaces based on a com-
mon MAC protocol but with physical layer spec-
ifications dependent on the spectrum of use and
the associated regulations, The standard, as
approved in 2001, addresses frequencies from
10 to 66 GHz, where extensive spectrum is cur-
rently available worldwide but at which the
short wavelengths introduce significant deploy-
ment challenges. A new project, currently in the
balloting stage, expects to complete an amend-

0163-6804/02/517.00 © 2002 IEEE
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ment denoted IEEE 802.16a [2] before the end
of 2002. This document will extend the air inter-
face support to lower frequencies in the 2-11
GHz band, including both licensed and license-
exempt specira. Compared to the higher fre-
quencies, such spectra offer the opporfunity to
reach many more customers less expensively,
although at generally lower data rates. This sug-
gesis thal such services will be oriented foward
individual homes or small to medium-sized
enterprises.

THE 802.16 WORKING GRQUP

Development of IEEE Standard 802.16 and the
included WirelessMAN™ air interface, along
with associated standards and amendments, is
the responsibility of IEEE Working Group
802.16 on Broadband Wireless Access (BWA}
Standards (http;//WirelessMAN.org). The Work-
ing Group’s initial interest was the 1066 GHz
range. The 2-11 (GHz amendment project that
led to IEEE 802.16a was approved in March
2000. The 802.16a project primarily involves the
deveiopment of new physicai layer specifica-
tions, with supporting enhancements fo the
basic MAC. In addition, the Working Group
has completed TEEE Standard 802.16.2 [3]
(“Recommended Practice for Coexistence of
Fixed Broadband Wireless Access Systems”) to
address 10-66 GHz coexistence and, through
the amendment projeet 802.16.2a, is expanding
its recommendations to include licensed bands
from 2 to 11 GHz.

Historically, the 802.16 activities were initiated
at an August 1998 meeting called by the National
Wireless Electronics Systems Testbed (N-WEST)
of the U.S. National Institute of Standards and
Technology. The effort was welcaomed in TEEE
802, which opened a Study Group. The 802.16
Working Group has held weeklong meetings at
least bimonthly since July 1999. Over 700 individ-
uals have attended a session. Membership, which
is granted to individuals based on their atten-
dance and participation, currently stands at 130,
The work has been closely followed; for example,
the TEEE 802.16 Web site received over 2.8 mil.
lion file requests in 2000.

TECHNOLOGY DESIGN ISSUES

MEDIUM ACCESS CONTROL
The [EEE 802.16 MAC protocol was designed
for point-to-multipeint broadband wireless
access applications. It addresses the need for
very high bit rates, both uplink (to the BS)
and downlink (from the BS). Access and band-
width allocation algorithms must accommo-
date hundreds of terminals per channel, with
terminals that may be shared by multiple end
users. The services required by these end users
are varied in their nature and include legacy
time-division multiplex (TDM) voice and data,
Internet Protocol (IP) connectivity, and packe-
tized voice over IP (VoIP). To support this
variety of services, the 802.16 MAC must
accommodate both continuous and bursty traf-
fic. Additionally, these services expect to be
assigned QoS in keeping with the traffic types.
The 802.16 MAC provides a wide range of ser-
vice types analogous to the classic asyn-

chronous transfer mode (ATM) service cate-
gories as well as newer categories such as
guaranteed frame rate (GFR).

The 802.16 MAC protocol must also support
a variety of backhaul requirements, including
both asynchronous transfer mode (ATM) and
packet-based protocols. Convergence sublayers
are used fo map the transport-fayer-specific traf-
fic to a MAC that is Rexible enough to efficient-
ly carry any traffic type. Through such features
as payload header suppression, packing, and
fragmentation, the convergence sublayers and
MAC work together to carry traffic in a form
that is often more efficient than the original
transport mechanism.

Issues of transport efficiency are also
addressed at the interface between the MAC
and the physicaf layer (PHY). Far example, the
modulation and coding schemes are specified in
a burst profile that may be adjusted adaptively
for each burst to each subscriber station. The
MAC can make use of bandwidth-efficient burst
profiles under favorable link conditions but shift
to more reliable, although less efficient, alterna-
tives as required to support the planned 99.999
percent link availability.

The request-grant mechanism is designed (o
be sealable, efficient, and self-correcting. The
B(2.16 access system does not lose efficiency
when presented with multiple connections per
terminal, multiple QoS levels per terminal, and a
large number of statistically multiplexed users. It
takes advantage of a wide variety of request
mechanisms, balancing the stability of con-
tentionless access with the efficiency of con-
tention-oriented access.

While extensive bandwidth allocation and
QoS mechanisms are provided, the details of
scheduling and reservation management are left
unstandardized and provide an important
mechanism for vendors to differentiate their
equipment.

Along with the fundamental task of allocating
bandwidth and transporting data, the MAC
includes a privacy sublayer that provides authen-
tication of network aceess and connection estab-
lishment 1o avoid theft of service, and it provides
key exchange and encryption for data privacy.

To accommodate the more demanding physi-
cal environment and different service require-
ments of the frequencies between 2 and 11 GHz,
the 802.16a project is upgrading the MAC to
provide automatic repeat request (ARQ) and
support for mesh, rather than only point-to-mul-
tipoint, network architectures.

THE PHYsICAL LAYER

10-66 GHz — In the design of the PHY speci-
fication for 1066 GHz, line-of-sight propaga-
tion was deemed a practical necessity. With this
condition assumed, single-carrier modulation
was easily selected; the air interface is designat.
ed “WirelessMAN-5C.” Many fundamental
design challenges remained, however. Because
of the point-to-muftipoint architecture, the BS
basically transmits a TDM signal, with individu-
al subseriber stations allocated time slots serial-
ly. Access in the upfink direction is by
time-division multiple access (TDMA). Follow-
ing extensive discussions regarding duplexing, a

Whife extensive
bandwidth
allocation and
QoS mechanisms
are provided, the
details of
scheduling and
resenvation
management
are feft
unstandardized
and provide an
important
mechanism for
vendors to
differentiate their
equipment.
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The PHY
specification
defined for
10-66 GHz uses
burst
single-carrier
modutation with
adaptive burst
profiling in which
transmission
parameters,
including the
modulation and
codling schemes,
my be adjusted
individually to
each subscriber
statfor on a
frame-by-frame
basis. Both TDD
and burst FDD
variants are
defined.
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W Figure 1. The downlink subframe structure.

burst design was selected that allows both time-
division duplexing (TDD), in which the uplink
and downlink share a channel but do not trans-
mit simultaneously, and frequency-division
duplexing (FDD), in which the uplink and down-
link operate on separate channels, sometimes
simultaneously. This burst design allows both
TDD and FDD to be handled in a similar fash-
ion. Support for half-duplex FDD subscriber
stations, which may be less expensive since they
do not simultapeocusly transmit and receive, was
added at the expense of some slight complexity.
Both TDD and FDD alternatives support adap-
tive burst profiles in which modulation and cod-
ing options may be dynamically assigned on a
burst-by-burst basis.

2-11 GHz — The 2-11 GHz bands, both
licensed and license-exempt, are addressed in
{EEE Project 802.16a. The standard is in bal-
lot but is not yet complete, The draft current-
ly specifies that compliant systems implement
one of three air interface specifications, each
of which provides for interoperability. Design
of the 2-11 GHz physical layer is driven by
the need for non-line-of-sight (NLOS} opera-
tion. Because residential applications are
expected, rooftops may be too low for a clear
sight fine fo a BS antenna, possibly due to
obstruction by trees. Therefore, significant
multipath propagation must be expected. Fur-
thermore, outdoor-mounted antennas are
expensive due to both hardware and installa-
tion costs.

The three 2-11 GHz air interface specifica-
tions in 802.16a Draft 3 are:

* WirclessMAN-SC2: This uses a single-carri-
er modulation format.

» WirelessMAN-OFDM: This uses orthogonal
frequency-division multiplexing with a 256-
point transform. Access is by TDMA. This
air interface is mandatory for license-
exempt bands.

» WirelessMAN-OFDMA: This uses orthogo-
nal frequency-division multiple access with
a 2048-point transform. In this system, mul-
tiple access is provided by addressing a sub-
set of the multiple carriers to individual
Teceivers.

Because of the propagation requirements, the
use of advanced antenna systems is supported.

It is premature to speculate on further
specifics of the 802.16a amendment prior to its
completion. While the draft seems to have
reached a level of maturity, the contents could
change significantly in balloting. Modes could
even be deleted or added.

PHysiCAL LAYER DETAILS

The PHY specification defined for 10-66 GHz
uses burst single-earrier modulation with adap-
tive burst profiling in which transmission patam-
eters, including the modulation and coding
schemes, may be adjusted individually to each
subscriber statton (88} on a frame-by-frame
basis. Both TDD and burst FDD variants are
defined. Channel bandwidths of 20 or 25 MHz
(typical U.§. allocation} or 28 MHz (typical
European allocation) are specified, along with
Nyquist square-root raised-cosine pulse shaping
with a rofloff factor of (.25, Randomization is
performed for spectral shaping and to ensure bit
transitions for clock recovery.

The forward error correction (FEC) used is
Reed-Solomon GF(256), with variable block size
and error correction capabilities. This is paired
with an inner block convolutional code to Tobust-
ly transmit critical data, such as frame control
and initial accesses. The FEC opfions are paired
with quadrature phase shift keying (QPSK), 16-
state quadrature amplitude modulation (16-
QAM), and 64-state QAM (64-0AM) to form
burst profiles of varying robustness and efficien-
cy. If the last FEC block is not filled, that block
may be shortened. Shortening in both the uplink
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and downlink is controlled by the BS and is
implicitly communicated in the uplink map (UL~
MAP) and downlink map (DL-MAP).

The system uses a frame of 0.5, 1, or 2 ms. p| MAC PDU which has started First MAC PDU, Second MAC PDU,
This frame is divided into physical slots for the in previous TC POU _thisTCPDU | .thism'l".t‘_‘f’BU fore)
purpose of bandwidth allocation and identifica- | ST TS

+—————  Transmission convergence sublayer PDU  ——*

tion of PHY transitions. A physical slot is
defined to be 4 QAM symbols. In the TDD vari-
ant of the PHY, the uplink subframe follows the
downlink subframe on the same carrier frequen-
cy. In the FDD variant, the uplink and downlink
subframes are coincident in fime but are carried
on separate frequencies. The downlink subframe
is shown in Fig. 1.

The downlink subframe starts with a frame
control section that contains the DL-MAP for
the current downlink frame as well as the UL-
MAP for a specified time in the future. The
downlink map specifies when physical layer tran-
gitions (modulation and FEC echanges} oceur
within the downlink subframe. The downlink
subframe typically contains a TDM portion
immediately following the frame control section.
Downlink data are transmitted to each 88 using
a negotiated burst profile. The data are transmit-
ted in order of decreasing robustness to allow
SSs to receive their data before being presented
with a burst profile that could cause them to lose
synchronization with the downlink.

In FDD systems, the TDM portion may be [ol-
fowed by a TDMA segment that incfudes an extra
preamble at the start of each new burst profile.
This feature allows better support of hal{-duplex
S8s. In an efficiently scheduled FDD system with
many hali-duplex 5Ss, some may need to transmit
earlier in the frame than they receive. Due to
their half-duplex nature, these SSs lose synchro-
nization with the downlink. The TDMA preamble
allows them to regain synchronization.

Due to the dynamics of bandwidth demand
for the variety of services that may be active, the
mixture and duration of burst profiles and the
presence or absence of a TDMA portion vary
dynamically from [rame to frame. Since the
recipient SS is implicitly indicated in the MAC

M Figure 3, TC PDU format.

headers rather than in the DL-MAP, §Ss listen
to all portions of the downlink subframe they are
capable of receiving. For full-duplex §8s, this
means receiving all burst profiles of equal or
greater robustness than they have negotiated
with the BS.

A typical uplink subframe for the 10-66 GHz
PHY is shown in Fig. 2. Unlike the downlink,
the UL-MAP grants bandwidth to specific S5s.
The S5 transmit in their assigned allpcation
using the burst profile specified by the Uplink
Interval Usage Code (UTUC) in the UL-MAP
entry granting them bandwidth. The uplink sub-
frame may also contain contention-based alloca-
tions for initial system access and broadcast or
multicast bandwidth requests. The access oppor-
tunities for initial system access are sized to
allow extra guard time for $8s that have not
resofved the transmit time advance necessary to
offset the round-trip delay to the BS.

Between the PHY and MAC is a transmis-
sion convergence (TC) sublayer. This layer per-
forms the transformation of variable length
MAC protocol data units (PDUs) into the fixed
length FEC blocks (plus possibly a shortened
black at the end) of each burst. The TC layer
has a PDU sized to fit in the FEC block current-
ly being filled. It starts with a pointer indicating
where the next MAC PDU header starts within
the FEC block. This is shown in Fig. 3.

The TC PDU format allows resynchroniza-
tion to the next MAC PDU in the event that the
previous FEC black had irrecoverable errors.
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Without the TC layer, a receiving SS or BS
would potentially lose the entire remainder of a
burst when an irrecoverable bit error occurred.

MEDIUM ACCEss CONTROL DETAILS

The MAC includes service-specific convergence
sublayers that interface to higher layers, above
the core MAC common part sublayer that car-
ries out the key MAC functions. Below the com-
mon part sublayer is the privacy sublayer.

SERVICE-SPECIFIC CONVERGENCE SUBLAYERS
IEEE Standard 802.16 defines two general ser-
vice-specific convergence sublayers for map-
ping services to and from 802.16 MAC
connections. The ATM convergence sublayer
is defined for ATM services, and the packet
convergence sublayer is defined for mapping
packet services such as IPv4, IPv6, Ethernet,
and virtual local area network (VLAN). The
primary task of the sublayer is to classify ser-
vice data units (SDUs) to the proper MAC
connection, preserve or enable QoS, and
enable bandwidth allocation. The mapping
takes various forms depending on the type of
service. In addition to these basic functions,
the convergence sublayers can also perform
more sophisticated functions such as payload
header suppression and reconstruction to
enhance airlink efficiency.

ComMMON PART SUBLAYER

Introduction and General Architecture — In
general, the 802.16 MAC is designed to support
a point-to-multipoint architectyre with a central
BS handling multiple independent sectors simul-
taneously, On the downlink, data to SSs are mul-
tipfexed in TDM fashion. The uplink is shared
between SSs in TDMA fashion.

The 802.16 MAC is connection-oriented, All
services, including inherently connectionless ser-
vices, are mapped to a connection. This provides
a mechanism for requesting bandwidth, associat-
ing QoS and traffic parameters, transporting and
routing data to the appropriate convergence sub-
Vayer, and all other actions associated with the
contractual terms of the service. Connections are

referenced with 16-bit connection identifiers
(CIDs) and may require continuously granted
bandwidth or bandwidth on demand. As wilt be
described, both are accommodated.

Each SS has a standard 48-bit MAC address,
but this serves mainly as an equipment identifi-
er, since the primary addresses used during
operation arg the CIDs. Upon entering the
network, the S§ is assigned three management
connections in each direction. These three con-
nections reflect the three different QoS
requirements used by different management
levels. The first of these is the basic connec-
tion, which is used for the transfer of short,
time-critical MAC and radio link control
(RLC) messages. The primary management
connection is used to transfer longer, more
delay-tolerant messages such as those used for
authentication and connection setup. The sec-
ondary management connection is used for the
transfer of standards-based management mes-
sages such as Dynamic Host Configuratiop
Protocol (DHCP), Trivial File Transfer Proto-
col (TFTP), and Simple Network Managemeni
Protocol (SNMP). In addition to these man-
agement connections, S5s are allocated trans-
port connections for the contracted services.
Transport connections are unidirectional to
facilitate different uplink and downlink Qo8
and traffic parameters; they are typically
assigned to services in pairs.

The MAC reserves additional connections for
other purposes. One conneetion js reserved for
contention-based initial access. Another is
reserved for broadeast transmissions in the
downlink as well as for signaling broadcast con-
tention-based polling of 85 bandwidth needs.
Additional connections are reserved for multi-
cast, rather than broadcast, contention-based
polling. §8s may be instructed to join multicast
polling groups associated with these multicast
polling connections,

MAC PDU Formats — The MAC PDU is the
data unit exchanged between the MAC layers of
the BS and its 58s. A MAC PDU consists of a
fixed-length MAC header, a variable-length pay-
load, and an optional eyclic redundancy check
{(CRC). Two header formats, distinguished by
the HT field, are defined: the generic header
(Fig. 4) and the bandwidth request header.

Except for bandwidth request MAC PDUs,
which contain no payload, MAC PDUs contain
either MAC management messages or conver-
gence sublayer data.

Three types of MAC subheader may be pre-
sent. The grant management subheader is used
by an S8 tp convey bandwidth management
needs to its BS. The fragmentation subheader
contains information that indicates the presence
and vrientation in the payload of any fragments
of SDUs. The packing subheader is used to indi-
cate the packing of multiple SDUs into a single
PDU. The grant management and fragmentation
subheaders may be inserted in MAC PDUs
immediately following the generic header if so
indicated by the Type field. The packing sub-
header may be inserted before each MAC §DU
if so indicated by the Type field. More details
are provided below.
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Transmission of MAC PDl/s — The IEEE
802.16 MAC supports various higher-layer pro-
tocols such as ATM or IP. Incoming MAC SDUs
from corresponding convergence sublayers are
formatted according to the MAC PDU format,
possibly with fragmentation and/or packing,
before being conveyed over One OT MOre connec-
tions in accordance with the MAC protocol,
After traversing the airlink, MAC PDUs are
reconstructed back into the original MAC SDUs
so that the format modifications performed by
the MAC layer protocol are transparent to the
receiving entity.

IEEE 802.16 takes advantage of incorporat-
ing the packing and fragmentation processes
with the bandwidth allocation process to maxi-
mize the flexibility, efficiency, and efflectiveness
of both. Fragmentation is the process in which a
MAC SDU is divided into one or more MAC
SDU fragments. Packing is the process in which
multiple MAC SDUs are packed into a single
MAC PDU payload. Both processes may be ini-
tiated by either a BS for a downlink connection
or an S8 for an uplink connection.

IEEE 802.16 allows simultaneous fragmenta-
tion and packing for efficient use of the band-
width.

PHY Support and Frame Structure — The
IEEE 802.16 MAC supports both TDD and
FDD. In FDD, both continuous and burst down-
links are supported. Continuous downlinks allow
for certain robusiness enhancement techniques,
such as interleaving. Burst downlinks (either
FDD or TDD) allow the use of more advanced
robustness and capacity enhancement tech-
niques, such as subscriber-level adaptive burst
profiling and advanced antenna systems.

The MAC builds the downlink subframe start-
ing with a frame control section containing the
DL-MAP and UL-MAP messages. These indicate
PHY transitions on the downlink as well as band-
width allocations and burst profiles on the uplink,

The DL-MAP is always applicable to the cur-
rent frame and is always at least two FEC blocks
long. The first PHY transition is expressed in the
first FEC block, to allow adequate processing
time. In both TDD and FDD systems, the UL-
MAP provides allocations starting no later than
the next downlink frame. The UL-MAP can,
however, allocate starting in the current frame as
long as processing times and round-trip delays
are observed. The minimum time between
receipt and applicability of the UL-MAP for an
FDD system is shown in Fig, 5.

Radio Link Conitrol — The advanced technole-
gy of the 802.16 PHY requires equally advanced
radio link eontrol (RLC), particularly the capa-
bility of the PHY to transition from one burst
profile to another. The RLC must control this
capability as well as the traditional RLC func-
tions of power control and ranging.

RLC begins with periodic BS broadcast of
the burst profiles that have been chosen for the
uplink and downlink, The particular burst pro-
files used on a channel are chosen based on a
number of factors, such as rain region and equip-
ment capabilitics, Burst profiles for the downlink
are each tagged with a Downlink Interval Usage

Framen-1 Frame n Framen + 1
DL-MAP N -1 DL-MAP n DL-MAP N + 1
]JUL-MAPn ( UL-MAP n + 1 UL-MAP n + 2
Frame /
control |+ -
Downlink
subframe| CELLOIATTTIT ) YITOTTTRTTTTT T
Uplink
subframe o I O I VO D D O
Round-trip delay + Tproc

W Figure 5. Minimum FDD map relevance.

Code (DIUC). Those for the uplink are each
tagged with an Uplink Interval Usage Code
(UIUC).

During initial access, the 88 performs initial
power leveling and ranging using ranging request
{RNG-REQ} messages transmitted in initial
maintenance windows. The adjustments to the
§§8’s transmit time advance, as well as power
adjustments, are returped to the SS in ranging
response {RNG-RSP) messages. For ongoing
ranging and power adjustments, the BS may
transmit unsolicited RNG-RSP messages com-
manding the 58S to adjust its power or liming.

During initial ranging, the S8 also reguests fo
be served in the downlink via a particular burst
profile by transmitting its choice of DIUC to the
BS. The choice is based on received downlink
signal quality measurements performed by the
8S before and during initial ranging. The BS
may confirm or reject the choice in the ranging
response. Similarly, the BS monitors the quality
of the uplink signal it receives from the $S. The
BS commands the SS to use a particular uplink
burst profile simply by including the appropriate
burst profile UTUC with the S§’s grants in Ul-
MAP messages.

After initial determination of uplink and
downlink burst profiles between the BS and a
particular SS, RLC continues to monitor and
control the burst profiles. Flarsher environmen-
tal conditions, such as rain fades, can force the
58 to request a more robust burst profile. Alter-
natively, exceptionally good weather may allow
an §8 to teraporarily operate with a more effi-
cient burst profile. The RLC continues to adapt
the §§°s current UL and DL burst profiles, ever
striving to achieve a balance between robusiness
and efficiency. Because the BS is in control and
directly monitors the uplink signal quality, the
protocol for changing the uplink burst profile for
an 88 is simple: the BS mercly specifics the pro-
file’s associated UTUC whenever granting the 88
bandwidth in a frame. This eliminates the need
for an acknowledgment, since the S8 will always
receive either both the UIUC and the grant or
neither. Hence, no chance of uplink burst profile
mismatch between the BS and S8 exists.

In the downlink, the SS is the entity that
monitors the qualify of the receive signal and
therefore kmows when its downlink burst profile
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should change. The BS, however, is the entity in
control of the change. There are two methods
available to the SS to request a change in down-
link burst profile, depending on whether the S8
operates in the grant per connection (GPC) or
grant per SS (GPSS) mode (see “Bandwidth
Requests and Grants™). The [irst method would
typically apply (based on the discretion of the
BS scheduling algorithm) only to GPC 8Ss. In
this case, the BS may periodically allocate a sta-
tion maintenance interval to the SS. The SS can
use the RNG-REQ message to request a change
in downlink burst profile. The preferred method
is for the S8S to transmit a downlink burst profile
change request (DBPC-REQ). In this case,
which is always an option for GPSS SSs and can
be an option for GPC SSs, the BS responds with
a downlink burst profile change response
(DBPC-RSP) message confirming or denying
the change.

Because messages may be lost due to irrecov-
erable bit errors, the protocols for changing an
SS’s downlink burst profile must be carefully
structured. The order of the burst profile change
actions is different when transitioning to a more
robust burst profile than when transitioning to a
less robust one. The standard takes advantage
of the fact that an SS is always required to listen
to more robust portions of the downlink as well
as the profile that was negotiated. Figure 6
shows & transition to a more robust burst pro-
file. Figure 7 shows a transition to a less robust
burst profile.

Uplink Scheduling Services — Each connec-
tion in the uplink direction is mapped to a
scheduling service. Each scheduling service is
associated with a set of rules imposed on the BS
scheduler responsible for allocating the uplink
capacity and the request-grant protocol between
the 88 and the BS. The detailed specification of
the rules and the scheduling service used for a
particular uplink connection is negotiated at
connection setup time.

The scheduling services in IEEE 802.16 are
based on those defined for cable modems in the
DOCSIS standard [4].

Unsolicited grant service (UGS) is tailored
for carrying services that generate fixed units of
data periodically. Here the BS schedules regular-
ly, in a preemptive manner, grants of the size
negotiated at connection setup, without an
explicit request from the S8, This climinates the
overhead and latency of bandwidth requests in
order to meet the delay and delay jitter require-
ments of the underlying service. A practical limit
on the delay jitter is set by the frame duration. If
more stringent jitter requirements are to be met,
output buffering is needed. Services that typical-
ly would be carried on a connection with UGS
service include ATM constant bit rate (CBR)
and E1/T1 over ATM.

When used with UGS, the grant management
subheader includes the poll-me bit (see “Band-
width Requests and Grants”) as well as the slip
indicator flag, which allows the SS to report that
the transmission queue is backlogged due to fac-
tors such as lost grants or clock skew between
the IEEE 802.16 system and the outside net-
work. The BS, upon detecting the slip indicator
flag, can allocate some additional capacity to the
S8, allowing it to recover the normal queue
state. Connections configured with UGS are not
allowed to utilize random access opportunities
for requests.

The real-time polling service is designed to
meel the needs of services that are dynamic in
nature, but offers periodic dedicated request
opportunities to meet real-time requircments.
Because the S§ issues explicit requests, the
protocol overhead and latency is increased, but
this capacity is granted only according to the
real need of the connection. The real-time
polling service is well suited for connections
carrying services such as VoIP or streaming
video or audio.

The non-real-time polling service is almost
identical to the real-time polling service except
that connections may utilize random access
transmit opportunities for sending bandwidth
requests. Typically, services carried on these
connections tolerate longer delays and are rather
insensitive to delay jitter. The non-real-time
polling service is suitable for Internet access with
a minimum guaranteed rate and for ATM GFR
connections.

A best effort service has also been defined.
Neither throughput nor delay guarantees are
provided. The SS sends requests for band-
width in either random access slots or dedi-
cated transmission opportunities, The
occurrence of dedicated opportunities is sub-
ject to network load, and the 8§ cannot rely
on their presence.
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Bandwidth Requests and Granis — The IEEE

802.16 MAC accommodates two classes of 85,

differentiated by their ability to accept bandwidth

grants simply for a connection or for the §S as a

whale. Both classes of 88 request bandwidth per

connection 1o allow the BS uplink scheduling
algorithm to properly consider QoS when allocat-
ing bandwidth, With the grant per connection

{GPC) class of 58, bandwidth is granted explicitly

to a connection, and the S8 uses the grant only

for that connection. RL.C and other management
protocols use bandwidth explicitly allocated to the
management connecticns.

With the grant per 85 (GPSS) class, 58s are
granted bandwidth aggregated into a single grant
to the SS itself. The GPSS $S needs to be more
intelligent in its handling of QoS. It will typically
use the bandwidth for the connection that
requested it, but need not. For instance, if the
QoS situation at the 58 has changed since the last
request, the 85 has the option of sending the
higher QoS data along with a request to replace
this bandwidth stolen from a lower QoS connec-
tion. The 88 could also use some of the band-
width to react more quickly to changing
environmental conditions by sending, for instance,
a DBPC-REQ message.

The two classes of SS allow a trade-off
between simplicity and efficiency. The need to
explicitly grant extra bandwidth for RLC and
requests, coupled with the likelihood of more
than one entry per 88, makes GPC less efficient
and scalable than GPSS. Additionally, the ability
of the GPSS S8 to react more quickly to the
needs of the PHY and those of connections
enhances system performance. GPSS is the only
class of 88 atlowed with the i0—66 GHz PHY.

With both classes of grants, the IEEE 802.16
MAC uses a self-correcting protocol rather than
an acknowledged protocol. This method uses
less bandwidth. Furthermore, acknowledged pro-
tocols can take additional time, potentially
adding delay. There are a number of reasons the
bandwidth requested by an S8 for a connection
may not be available:

« The BS did not see the request due to
irrecoverable PHY errors or collision of a
contention-based reservation.

» The SS did not see the grant due to irrecov-
erable PHY errors.

* The BS did not bave sufficient bandwidth
available.

* The GPSS SS used the bandwidth for anoth-
€I purpose.

In the self-correcting protocol, all of these
anomalies are treated the same. After a timgout
appropriate for the QoS of the econnection (or
immediately, if the bandwidth was stolen by the
SS for another purpose), the 8§ simply requests
again. For efficiency, most bandwidth requests
are incremental; that is, the 88 asks for more
bandwidth for a connection. However, for the
self-correcting bandwidth request/grant mecha-
nism to work correctly, the bandwidth requests
must occasionally be aggregate; that is, the §§
informs the BS of its total current bandwidth
needs for a connection. This allows the BS to
reset its perception of the 88's nceds without a
complicated protocol acknowledging the use of
granted bandwidth.
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8 Figure 7, Transition to a less robust burst profile.

The SS has a plethora of ways to request
bandwidth, combining the determinism of uni-
cast polling with the responsiveness of con-
tention-based requests and the efficiency of
unsolicited bandwidth. For continuous band-
width demand, such as with CBR T1/E] data,
the S8 need not request bandwidth; the BS
grants it unsolicited.

To short-circuit the normal polling cycle, any
SS with a connection running UGS can use the
poll-me bit in the grant management subheader
to let the BS know it needs to be polled for
bandwidth needs on another connection. The BS
may choose to save bandwidth by polling 8Ss
that have uasalicited grant services only when
they have set the poll-me bit.

A more conventional way to request band-
width is to send a bandwidth request MAC
PDU that consists of simply the bandwidth
request header and no payload. GPSS 85s can
send this in any bandwidth allocation they
receive. GPC terminals can send it in either a
request interval or a data grant interval allocat-
ed to their basie connection. A closely related
method of requesting data is to use a grant
management subhcader to piggyback a request
for additional bandwidth for the same connec-
tion within a MAC PDU.

In addition to polling individual §Ss, the BS
may issue a broadeast poll by allocating a request
interval to the broadcast CID. Similarly, the
standard provides a protocol for forming multi-
cast groups to give finer control to contention-
based polling. Due to the nondeterministic delay
that can be caused by collisions and retries, con-
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In general, service
flows in IEEE
802.16 are
preprovisioned,
and setup of the
service flows is
initiated by the
BS during 55
initialization.
However, service
flows can also be
dynamically
established by
either the BS or
the SS.

tention-based requests are allowed only for cer-
tain lower QoS classes of service.

Channel Acquisition — The MAC protocol
includes an initialization procedure designed to
eliminate the need for manual configuration.
Upon installation, an S8 begins scanning its fre-
quency list to find an operating channpel. It may
be programmed to register with a specified BS,
referring to a programmable BS ID broadeast by
each. This feature is useful in dense deployments
where the S8 might hear a secondary BS due to
selective fading or when the §S picks up a side-
lobe of 2 nearby BS antenna.

After deciding on which channel or chan-
nel pair to attempt communication, the 8§
tries to synchronize to the downlink transmis-
sion by detecting the periodic frame pream-
bles, Once the physical layer is synchronized,
the S8 will look for the periodically broadeast
DCD and UCD messages that enable the S8
to learn the modulation and FEC schemes
used on the carrier.

Initial Ranging and Negotiation of S5 Capa-
bilities — Upon learning what parameters to
use for its initial ranging transmissions, the 8§
will look for initial ranging opportunities by
scanning the UL-MAP messages present in every
frame. The 85 uses a truncated exponential
backoff algorithm to determine which initial
ranging slot it will use to send a ranging request
message. The 85 will send the burst using the
minimum power setting and will try again with
increasingly higher transmission power if it does
nol receive a ranging response.

Based on the arrival time of the initial rang-
ing request and the measured power of the sig-
nal, the BS commands a timing advance and a
power adjustment to the 8§S in the ranging
response. The response also provides the S5 with
the basic and primary management CIDs. Once
the timing advance of the 8§ transmissions has
been correctly determined, the ranging proce-
dure for fine-tuning the power can be performed
using invited transmissions.

All transmissions up to this point are made
using the most robust, and thus least efficient,
burst profile. To avoid wasting capacity, the S8
next reports its PHTY capabilities, including the
modulation and coding schemes it supports and
whether, in an FDD system, it is half-duplex or
full-duplex. The BS, in its response, can deny the
use of any capability reported by the SS.

35 Authentication and Registration —
Each 58 contains both a manufacturer-issued
factory-installed X.509 digital certificate and
the certificate of the manufacturer. These cer-
tificates, which establish a link between the 48.
bit MAC address of the SS and its public RSA
key, are sent to the BS by the 8§ in the Autho-
rization Request and Authentication [nforma-
tion messages. The network is able to verify the
identity of the S8 by checking the certificates
and can subsequently check the level of autho-
rization of the §8. If the §8 is authorized to
join the network, the BS will respond to its
request with an Authorization Reply containing
an Authorization Key (AK) encrypted with the

88’s public key and used to secure further trans-
actions.

Upon successful authorization, the S8 will
register with the network. This will establish the
secondary management connection of the §8
and determine capabilities related to connection
setup and MAC operation. The version of IP
used on the secondary management connection
is also determined during registration.

IP Connectivity — After registration, the 88
attains an IP address via DHCP and establishes
the time of day via the Internct Time Protocol.
The DHCP server also provides the address of
the TFTP server from which the SS can request
a configuration file. This file provides a standard
interface for providing vendor-specific configura-
tion information.

Connection Setup — IEEE 802.16 uses the
concept of service flows to define unidirectional
transport of packets on either downlink or uplink.
Service flows are characterized by a set of QoS
parameters such as latency and jitter. To most
efficiently utilize network resources such as band-
width and memory, 802.16 adopts a two-phase
activation model in which resources assigned to a
particular admitted service flow may not be actu-
ally committed until the service flow is activated.
Each admitted or active service flow is mapped to
a MAC connection with a unigue CID.

In general, service flows in IEEE 802.16 are
preprovisioned, and setup of the service flows is
initiated by the BS during S8 initialization. How-
ever, service flows can also be dynamically estab-
lished by either the BS or the 85, The SS typically
initiates service flows only if there is a dynamical-
ly signaled connection, such as a switched virtual
conpection (SVC) from an ATM network. The
establishment of service flows is performed via a
three-way handshaking protocol in which the
request for service flow establishment is respond-
ed to and the response acknowledged,

In addition to dynamic service establishment,
IEEE 802.16 also supports dynamic service
changes in which service flow parameters are re-
negotiated. Like dynamic service flow cstablish-
ment, service flow changes also follow a simifar
three-way handshaking protocol.

Privacy Sublayer — IEEE 802.16’s privacy pro-
tocol is based on the Privacy Key Management
(PKM) protocol of the DOCSIS BPIL+ specifica-
tion [S] but has been enhanced to [it seamlessly
into the TEEE 802.16 MAC protocol and to bet-
ter accommodate stronger cryptographic meth-
ods, such as the recently approved Advanced
Encryption Standard.

Security Associations — PKM is built around
the concept of security associations (SAs). The
SA is a set of cryptographic methods and the
associated keying materiaf; that is, it contains the
information about which algorithms to apply,
which key to use, and so on. Every 8§ establishes
at least one SA during initialization. Each con-
nection, with the exception of the basic and pri-
mary management connections, is mapped to an
SA either af connection setup time or dynami-
cally during operation.
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Cryptographic Methods — Currently, the
PKM protacol uses X.509 digital certificates with
RSA public key encryption for SS authentication
and authorization key exchange. For traffic
encryption,the Data Encryption Standard (DES)
running in the cipher block chaining (CBC) mode
with 56-bit keys is currently mandated. The CBC
inifialization vector is dependent on the frame
counter and differs from {rame to frame. To
reduce the number of computationally intensive
public key operations during normal operation,
the transmission encryption keys are exchanged
using 3DES with a key exchange key derived from
the authorization key.

The PKM protocol messages themselves are
authenticated using the Hashed Message
Authentication Code (HMAC) protocol [6] with
SHA-1 [7]. In addition, message authentication
in vital MAC functions, such as the connection
setup, is provided by the PKM protocol.

SUMMARY AND CONCLUSION

The WirelessMAN™ air interface specified in
IEEE Standard 802.16 provides a platform for
the development and deployment of standards-
based metropolitan arca networks providing
broadband wireless access in many regulatory
environments. The standard is intended to
aliow for multipfe vendors (o produce interop-
erable equipment. However, it also allows for
extensive vendor differentiation. For instance,
the standard provides the base station with a
set of tools to implement efficient scheduling.
However, the scheduling algorithms that deter-
mine the overall efficiency will differ from ven-
dor to vendor and may be optimized for
specific traffic patterns. Likewise, the adaptive
burst profile feature allows great control to
optimize the efficiency of the PHY transport.
Innovative vendors will introduce clever
schemes to maximize this opportunity while
maintaining interoperability with compliant
subscriber stations.

The publication of IEEE Standard 802.16 is a
defining moment in which broadband wireless
access moves to its second generation and begins
its establishment as a mainstream alternative for
broadband access. Through the dedicated service
of many volunteers, the IEEE 802.16 Working
Group succeeded in quickly designing and forg-
ing a standard based on forward-looking tech-
nology. IEEE Standard 802.16 is the foundation
of the wireless metropolitan area networks of
the next few decades.
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