I
G
|
i

L1

IEEE A2Y&F £ rﬁ’ﬁ& 2004 # X ) IEEE 802.16-2004('Ft £} IEEE 802.16d)f91~
=V 5 IEEE 802.16-2004 fL#r— [”“\FﬂI & B 1§:\E&:*§§1ﬁ,m(W1reless Metropolitan
Area Networks)[ ¥ » it +] fﬂ’fﬁﬁbf ?@F’Lﬁf £ 51 -7 i (wireless broadband access
system)g@t;ﬁfﬁ ° 2005 & + [EEE 3~ #1791 BlAHHE £ A5 v=—802.16-2005(FL £
802.16e) » §HLH 7 Fs T TR VR L RS o RS P B gt €k~ pAREEe
31 » WiIMAX Forum /1 TEEE 802.16 19 % [HHEE [ (2 LS~ [iogy (754 »
IEVEN: P%JITFJ DA RIS /T [N T WIMAX (Worldwild Interoperability for

MicrowaveAccess)iF%[’ﬁ = (o i RS

7t TEEE 802.16-2004 A5 1 S0 fiil s Prsiafies 41 1 TRy 70 [ foses [ =480

=~ E’b%ﬁj‘iﬂ‘ %%’![ﬁ,ﬂ(Point—to—Multi—Point mode, PMP mode) > — ’wﬁfﬁJ\qFﬁm
“(Mesh mode) - E#*fr f/@ﬁi#f\_' ﬁﬁ*’jf j(base station, BS)ELF[ 1= »

EilNES v\\E\F—f L s o BS (&5 e ?iﬁ’ﬂ(admlsswn control) » ;’I%JI?E‘TZL JV(media
access) == ¥fl 57 [idl(resource allocation) V7 [ o [T ST SAHEEARLE HILRLETT 4 b
E_Iﬁ%!(mesh node)% = ﬁ'ig_lﬁlj’?‘} ) ?ﬁ IH?@HKIQW@L%%QT%% » MHEGR (relay) e ¥R
Z[liE BS FYRIEAN (gateway) }H TR 1558 (core network) o RFEASLI Y
MAC E%’Fﬁ?“j\ [Fil ﬁ?fEIJLF%j/ BT 2R IRy IR o

10



EJJ‘ }‘tﬁ%{fﬁ (handset),njiﬁ[ pell Fﬁlf"ﬂ“ ; [FL“EHJ: [ e |‘IE:'I\PE'EJ§E‘:E.\I’ @ﬁl[ﬂ
F[‘J%Tﬂ%%lfﬁﬂﬁﬁlﬁ’bﬁrﬁfﬁkﬁfﬁ%@?t » 53 P[IE*EI{]%#KSubscriber Station, SS)fEL=AY
TR [m ;c,fgﬁ Tﬁ?ﬂm}‘ SR “fHJ‘“ ﬁm&ﬁ;& Uq:_r] R
HbERA S BSS [ﬂIFﬂjfﬁ fF'\ PO T ET %EHT_J flid SS i‘ﬁ‘%ﬂiﬁ ?Fﬁw&»ﬁ'
:"Fﬁ%ffﬁjﬁf* EJ%T‘;ET_I_'—B[TEE\JE {9 SS AJp* > i 5=’ S BS el it E 35

i F

APPSR < | (AR R T Ry 200 EL & 1P (centralized
scheduling)= 7] [} (distributed scheduling) fy7er » & HEFHERL SS R A %j\ E
jﬁfé LAt BS » BS (AT AV ﬂ;ggﬂy SS Ll Iﬁjazjk ) 3 5 B [ IS U
S3 it iy 53 B PERURLITREV 55 Bemal RIS SRR 53 Pk DRIz Ry
SSF EF}JJ%} » PRI E = ['—ifﬁﬁfaﬁ‘ﬁfi minislot e

S 53 PRI BRI S SR 1SS [ Ryl SS [l

f F lﬁygﬁ minislot [HNF=5 7% SS 7 & rfﬁcliﬂlﬂil_ﬁf '—ﬁﬁ'ﬁ minislot & F?%ﬂj i |
?B PRI B G Y Y J/IHLI—‘L@?’% jﬁﬁ E_I‘{“Eﬁ[ NERRIL I ISEy S }H);iyﬁclsr
??ﬁfﬁkﬁrﬁm q@;,JFF#@ﬁ[ij[F;[%lE‘E

AP RLE TR 1 ) B PR distributed scheduling) B, - j%wltﬁéj
SBUFL 557 [y Lo R 2t gﬁfg%;m'lejpgﬁgaﬁv%ﬁﬂ Ny g
RAHE] i (delay-sensitive traffic) IVEEE o 1) EPIRS L TT R (quality of
service) ~ ?Eﬁ F'J, fU = g ~ [ ]%?ﬁ\jﬂ%[ﬁ“ [TFIERRNA IS ([I delay-sensitive
traffic {"3fj= o Gk BUR T IRER] EFVIETHLET -

11



1.2 FEREREE Y

P Elﬁﬁ&%rﬁ;{ﬂrﬁ“&p Vo3 RePRERUR - AR S S EPE
ALREFVICER G ag e A IR Y SR I - O bl i i S ESEEAE
[T EERL o 35 delay-sensitive traffic 30 » J 80, F oW IEEE - o 0 g0
535 AV SRR E [ BB ORI - 377> 7 IBEE 802.16-2004
ot il RS RS 2 RS0 QoS(quality of service) P » AT HEE i
73 i“’r%ﬁ}[ﬁ QoS Ay i o Pl > ARSI (R SR (collision) > [
s S R S SR R - e g
Tﬁ(Transmlssmn opportunity, TO) » 7= f Ifts bin& waE 7 = 1% $2(3-way handshake) >

PIPVIR SRR VRO - RS ARG - TO Fun gy S il
= LR R PO e (NIRRT AR Y B (e
L(transmission delay)!| bﬁl;ﬁl} (itter) iy o (0= 53 W T PR - 78
S PRI DO > [ RN AR 0 TO W >
= U ERREY Y TEIRIEN= (factor of importance) | N H El (DTS e
FEE EIE R > O Sall Rl i fol e R

I o R FOE ORGSR [ 1 S B B VAT 5 EE
?%}iﬁ’ ({42 delay-sensitive traffic FYARS! ¢ RENGRAYT EL L HlE - 251

request {1V ol 13 7 ff » AGSARER AT ADET UL L > [T IRER 12

1 1 9 (neighborhood) [ fi {S£1 o [/ (threshold of importance) » I'| ("5 V(E o/
i request + UARBPARE N AL BE N KRR L ERRE R

FEREIORVRIVE » [ (SO0 P minislot iy % -

' Neighborhood 19 “T\L_?i:ﬁ@[ﬂ%fiﬂ%ﬁ'[ﬂ/ . UE—E@%{?&’!TOM hop i Ef{]%ﬁfl’?i,‘\ [FiRE 5 oo

12
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Figure 1: Mesh frame structure’

1.3.1 Competition of Transmission Opportunity
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holdoff exponent }-{?]’ Y% holdoff time [V » 1) mx F[FRE " nxmt 5[] (next
transmission interval)f+ fj’fﬁ' J iﬁfx‘xj ff fifi Bl = | < - SS Y nxmt 4 1] % holdoff

time » Nxmt [5 [ti]#=- SS }-{5]’ SFELE] [PV TO A&7 5191 > holdoff time [l[|#=- SS

£

= ;%%FEE HHRT Pﬂ\ Fﬁlf;?ﬁéﬁ » [ Esxmt(Earliest sequence transmission time)}! ([

T Nxmt V& > ﬁﬁ%ﬁﬁﬁ[}j Preeegi i puEh e > Ot Figure 2 Hra o

Xmt Holdoff Time = 2 mt Holdoff Exponent+ 4)
(D
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= o 2 . ~ Xmt Holdoff E: 1 = &
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Figure 2: Holdoff time, Nxmt and Esxmt
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FIEI ] r%iﬂpﬁ TO pUigssdi ¥ & [ SRz SS ffi™ | Mesh election algorithm
BT e VRL A fH 1 TO « A6 SR EAY - i | TO 38:2 MSH-DSCH ;
T ﬂf[ G PR [FARPY xR — W TO > A= &~ W TO » %
nxmt B [HIAH N > SBLRLIZE ] TO > JI 75591 > 22 holdoff Bkfi] - <5
RITh — TR nxmt By Y EETRTE R - Figure 3 kL W PUETRIET TO Uiy
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Figure 3 f[ 16" 54 [t B35 [ SS Y Nxmt > HEI:*] ) |E§% SS 15 qgﬁe;l“w@;‘j
34 {j5 TO > i/[lﬁ%ﬁli,ﬁ CREUE > I SS 1 F[j’L’H Temp Xmt Time I%n‘_t‘ 34 Mok
hH I’*E’?-ég%ﬂﬁi?}?ﬁl“ ST < Il 1) ] SS_2 5 34 [l TO T i k1B
A SS 2 LRI SS 3 Th [ 191G AT SS_3 FTHALRY holdof?
time » T 3EEINT 5 SS 4 %R el I8 > FA BhT Esxmt &R ?JF{* 'FJ‘:"%E‘?
BIET o PNIF=> SS 1 F AEEIVE BT 34 ([ TO » EETETH AL SS 2 » SS 4> ;ﬁ lﬁl;{
Eﬁ@ 1 £) eligible neighbor(s) e

Temp Xmt Time
85 1

SS 4

Figure 3: Deciding eligible neighbor
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Tt eligible neighbor(s) i » Ak i Jﬁﬁ@ Figure 4 Elfjjﬁa%gﬁsikﬁ%?\[ f-HE TO>
Py R ?U]?Z( TO 5 ¥ KRy - Mg+ — [ TO » 2 EFnZs - % eligible

neighbor FVE S o I'] Figure 3 pufy="E » £, SS_1 ‘ﬂmH SS 2% SS 4 HIHZ]

57 34 {[d TO 5 L He > F=187 35 {¢f TO » = ﬁ@%ﬁﬂé’j 35 {lsf TO p4 elible

neighbor Efff -

Collect
oldoft >
eligible nbr
F 1 &

Los

TempXmtTime = 1 o
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Figure 4: TO contention flow

Figure 4 [[1f4" Win TO competitioin? jfi JHa _‘UJLFJ,i,Z’E i~ [Pl Mesh election
algorithm Uy FF§T > kL IEEE 802.16 &1 F;H ALY WS H
‘[‘%ﬂﬁ éﬁ&ﬁﬁlﬁﬁ? FIe 1A% node_id ~ F1 {93525 HIRIEY node id ~ I'f W R
{9 TO_id WP RHETEE & LRL) 5 + 5 S IS 444 1 [ SR 0 Figure

5 Ha
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boolean MeshElection (nnt32 XmtTime, vintlé MyNodeID wntlé NodeIlDList [ ] 1)) {
uinti2 nbr_smear val.smear vall smear val2:

_ generate 2 hash value

smear vall =inline smear(MyNodeID " XmtTime });{ £
smear val? =inline smeatr(MyNodeID +XmtTime ): - of MENUdEID
For each Nede ID nbrsNodeID 10 NodeIDList Do {
[nbr_smear_val =mhne_smear(nbrsNodelD * XmiTime ));|
ifinbr_smear_val =smear_vall ) { T EHenerale 2 hash value
return FALSE:/This node loses. // of NBRNodelD
¥ -
else if{nbr smear val ==smear vall) { // :
[/1st tie-breaker. /./
[obr_smear val =infine smear{nbrsNodelD ~XmiTune j:]~ Competing with every
if{nbr_smear val =smear val2 ) { Neirhhor
return FATSE:/This node loses. / F
b
else if{nbr_smear_val ==smear_val2 ) {
/1 we st:ﬂ_g‘p]{@g at this pomt Break the tie based on MacAdr _ If draw twice,
[if ((XmtTime is even &&inbrsNodelD >MyNeodeIDY)| | &% ; .
(XmtTime is odd &&(abrsNodeID <MyNodeID ))) { | E‘i‘i‘: df;};é(mt’[]me
return FATSE:/'This node looses. c
}
h
¥
//This node won over this competing nods
}/Ead for all competing nodes

(This node 15 winner.it won over all competing nodes.
return TRUE:
}

Figure 5: Mesh election algorithm

J[ﬁﬁ{*’g’!ﬁﬁﬂf | inline smear()lﬂlﬁ% FESPHEOE R AR
smear_vall & smear val2 » 7 E}F ¢ [H7E E\J;%‘gl!‘ffe % — f[ nbr_smear val fUFES%
fil o F'l AP=4i smear_vall % nbr_smear_val i[> ¥ nbr_smear_val i > [[%
A F e &b ) smear_vall §i& > Jl[[fre D& S F RLT = [IEES 21T EIF’T}EIUEL
it - 5y ﬂ,ﬁ%ﬁﬁjﬁi % — (@Y nbr_smear_val » Pk 1 IY smear_val2 7&/3%%5@#?;@?
{4 nbr_smear_val [fil#5f1/> ¥ nbr_smear_val €~ [[[F= e & HE 5 smear_val2
g o FJE e DEAS o F 572 TR IRl = HIFE nbrNodeID =* MyNodelD [y

I+ '] XmtTime E\J_" ”E REV TAHEE B T H M e

1.3.2 Mesh mode signal

HRE T TO pusE e - SS AR #[H] TO ElfJE\JJ‘ Féﬂ?ﬁ;';?ﬂtﬁ]ﬂ?* Jl(control
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message) * it Mesh mode [ I E EIEU@’ﬁTU?{E}i{ MSH-NENT (mesh network
entry) - MSH-NCFG (mesh network configuration) » MSH-DSCH = 7 - [iy WIMAX
g J}ZLTHE* ELR & rAj 2Ry Zk (information element, IE) > lﬂﬂfIE Az & fi Fl
Y871 > Y1 Entry Open IE ~ Schedule IE ~ Request IE &> [K[*=SS éiLﬂ‘ﬁ:U[ ﬁ

Fj:§@~ MR Z(E IE Eff Y HANTE % neighbors 31@ 5o

MSH-NENT | = Pkl Mesh network entry fURHEY > = oI 2 3= RLEE - [##Y SS
frp Eﬁiﬁjﬁfﬁ” 3]: QE)[{'E&@“F@‘" |fY neighbor #rigfiF= SSH Jlf[yFFo
MSH-NENT [ f' R & Network Entry Open IE ~ Network Entry Reject IE -

Neighbor Link Establishment IE - Request IE = °

MSH-NCFG [ = Pkl Mesh network configuration FrAHHS » = oI & 5 f 'F Al
fi J;”'ﬁﬁl%ﬂ‘_ﬁg* yp; %»«Fﬁ R ~ GEER - BS BYR - ﬁﬁﬁ Eﬁ%&% » T )
ﬁﬂiﬁj@ﬁkﬁfwli E[lfﬁ[ﬁm [1f9 SS 3% flaEs= o ELF[CRp ] & 25 i Nbr-Physical IE -
Nbr-Logical IE + Network Descriptor IE % Channel IE » = foi ' [32:RLE 55 Bl 4
KSR RS I CHE (e =90 MSH-CTRL-LEN » MSH-DSCH-NUM
lF;L T o 2 Bkl fl 7+ Network Descriptor IE f]I > iﬁﬁwj ]'[E*‘ifé’(ﬁ i3 Control

subframe fIV-= % % MSH-CSCH =* MSH-DSCH FUij¢El -

MSH-DSCH [ 57kl Mesh Distributed Scheduling FUAFRE » = for ™ =Rl iy
SS i’ﬁ%@fﬂ[’%” 22% ¥ minislot U554 - MSH-DSCH T? 183 K Request IE ~ Availability
IE ~ Grant [E = 78y % » iﬁ_: FET S PLH 43215 3-way handshake » ffli flt
SS HI']3%17% minislot > [ﬂ Eﬁ fi J[E!F* neighbor “Jﬁﬁ (EfﬂD‘T minislot = RL{EI= ] > T

A 0

Request IE |1 &y f’}ﬁﬁg}'?*ﬂ Demand Level » Demand Persistence - Demand
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Level #7171 & [[i frame ¥l {1 ™ ] %D {[# minislot - Demand Persistence [I[[#=- ;ﬁ
ﬁ{ﬁfjﬁjﬁﬁi s Elﬁ &1 %D i frame o [ Availability IE kL SS iV available minislot ficl
El'q%ﬂ T fﬁ 1" available frame fi @flﬁ r'ﬂjfgf(Start Frame number)==-= %
(Persistence) ~ Minislot @i[ﬁ b f‘@' (minislot start)%®= ¥ (minislot range) ~ I ] & et
| \\Al ';T,:T(—L » ° ’f f,‘ s reallVd N . oq. g‘ —h

~ El'p N 13 4
#13f1(channel) = ¢ ¥7 » Grant IE i Jfﬂﬁtﬁ[l | Availability IE » %] Start Frame
number ~ Persistence ~ minislot start ~ minislot range {2 §l¢ > [ kL Grant I[E =
Elfiﬂ@ﬁ?ﬁ%gfﬁl H[fY minislot = P9} » Grant IE pJ# |~ {[if Direction ffid{ » fLH |
55 B[l Grant IE frs=- iv% " Grant ; F% " Confirm | » iﬁ?i_: HLEEREITET

il > AT~ T e -

1.3.3 3-way handshake

MSH-DSCH 4 Zﬁﬁ?ﬁjﬁ il LRSEE Elﬁgﬁ ’FA{ ﬁ‘{g;{ﬁ] MSH-DSCH 9 {#1Y% schedule
I :% /= handshake o = ¥ & §EpUf [Flgﬂ%@fﬁliﬁl?*ﬁgﬁxjfﬁ P F=S e R Tff P
data subframe fY[¥[— {li' minislot » I'J {5~ {HuS==H s = ﬂjﬂz‘%ﬂﬁ;}[ﬁ] Request

IE - Availability IE » Grant [E = {aeyi 7 F5u A8y o EIRAEY™ -

(1) Request : SSa 383= Request IE » Availability IE %’ﬁ SSh o

(2) Grant : SSp f¢-Request IE [ I i’ f #]1SSa EI"T%T‘F;IEIU Demand Level » Demand
Persistence > ™ [§-SSa iV Availability IE [ 1 1 SSa ‘ﬁ']? |PpE= frame » slot
TPt available frfRs - }Iﬁj’ SSa ™ Availability IE="| 1= I} Available minislot
LB EIPE ﬁfﬁ Request IE fi¥ frame * minislot > F|I'] Grant IE [t
Eﬂ?ﬁ SSa ©

(3) Confirm : SSa %% SSb 32 4[1¥ Grant_IE & > ijj%ﬁé?&— ~% Available

minislot ﬂ?}ﬁﬂ BT available ¥\ kL EJ[J}{fJ’ SSb 3= FfiY Grant IE E1 7 3=
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~ o (B[R] SSe FEI?JE YA il Eﬂj » 7 SSa ~ SSb FIJ[EHEJJE' {4 neighbor

! rﬁl}% Jlﬁ[n ~ Grant_IE eyt }H SSa ~ SSp Frffl v mlmslotﬁ'%'tr

non-available » || #E#] [F[ Eﬂj i I5F minislot
SSa L
Grant IE
Reque-st IE (Confirm)
Available IE
Grant IE
SSe >

Figure 6:Transmit information element in 3-way handshake

A S THYE D o E rffl? HY SS Ji* J‘}E‘?%fll'?ifﬁjﬁ@ SS ’F%Fg;i['—ifﬁ‘p‘ﬁﬁ‘g'ﬁl@
minislot £ {f » [NIF= Data subframe [ Fiel ) S0V = 7, 2 JpHE - 1) TO iy
BT E T Control subframe [ 1 SS éﬁﬁ@ﬁjﬂ?‘g%ﬁ@@’ﬁ ° Tt ??ﬁﬂi’ﬁ@ﬁiﬁ}@
[ Rofli SS IR HE S = 4 TRER] minislot R B} - B WIMAX 7

B3 [RATAZ Y Figure 7 -
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Data in

(3) Confirm
Receive Collect ; Send MSH- Wait
i Message [ eligible nbr v DSCH Minislot
TempXmiTime + 1 (1) Request &
S8, - _Available
No
(2) Grant
- A
Receive Collect : Send MSH- Wait .
[’| Message | |eligible nbr L DSCH Minislot
SSe TempXnytTime + 1 !
No %
Yes

Figure 7: The process from bandwidth request to minislot allocation

f¢-Figure 7 fi' 51 » gﬁ%ﬁglé = ﬁlﬁm ) ﬁﬁﬁ 'pAE S~ 7% 3-way handshake >
[1]&-% 3-way handshake I3+ EIJFA = %" Wait TO ;') ¥~ 7% Wait Minislot ;;

PR I (S R TR PO > (AR S RSO
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