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Simulating IEEE 802.16j Transparent Mode WiMAX Networks
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Student : Hsin-Yu Chen Advisor : Shie-Yuan Wang

Institute of Computer Science and Engineering
National Chiao Tung University

ABSTRACT

WIMAX is a new broadband wireless access technology, which is designed to provide
a last-mile solution for metropolitan area networks. The IEEE 802.16] (MMR WiMAX) draft
standard is currently under development and based on the IEEE 802.16e (Mobile WIMAX)
standard. It not only provides multi-hop relay capability but also extends base station
coverage by deploying relay stations around:base stations. In addition, by deploying
cost-effective relay stations, the IEEE:802.16j.can reduce the number of base stations that
should be deployed in the network, which greatly reduces the deployment cost of a
network.

In this thesis, we developed the IEEE 802:16j centralized scheduling transparent
WIMAX network protocol modules on the NCTUns network simulator. We implemented
three new types of nodes, MR-BS (Multi-hop Relay Base Station), FRS (Fixed Relay
Station) and MS (Mobile Station). The developed MAC-layer modules support a simple
subscriber path selection algorithm and an adaptive modulation scheme to boost network
performance. At the physical layer, we use the OFDMA TDD mode collocating frame
structure in transparent-mode WiMAX network. Our work provides a convenient simulation
platform for researchers that are interested in IEEE 802.16j transparent mode WiMAX
networks.

Keywords: network simulator, IEEE 802.16j Transparent mode Network , BWA, WiMAX,
hard handover, OFDMA, .
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(4) WirelessMAN-OFDMA : # 3+ 2~11 GHz #g#< > i & NLOS ervjig % » © i@ % 1 2 &

45 E BT o

2.2 Bk Y B A

2.2.1. fFTFRIMjcar+ K

F PRI e+ R TR T B Al Boo 5 i T ar+ K PRI 3 B~ 8L (Service
Access Point » SAP)£ + § #ri: > X R EIRIE cfeac+ B £ G 0T B

(1) #38 SAP 4247t & 2 2 73e{cd]SDUs (Service Data Units) -

(2) #FEJc3l SDUs & (74 % P ahE & MAC k& #t % H =~ PDUs (Packet Data

Units) -
(3) & Pt QoS A 4t PDUs #4178 — # erEJe o
(4) #-% 4 PDUs ¥ 2 MAC cJRF% 3 B~B » R T B 12 2 (T - % I o

(5) f F e AJTAT K2jct kenPDUs» £ 7 B R & SDUS /At & 15 % i i



ATM IPv4 IPv6 Ethernet || 802.1Q

b8

S IPv4 CS IPv6 CS Ethernet || 802.1Q

= CS CS
ATM CS

B

¥ Packet CS

1

&

@A TR (MAC CPS)

%2R (SS)

TR

Bl 2-2 dcact A L hdte $d)

Pt & IEEE 802.16 #i % Ampadgefescs & R4 0 4 L2k 4 805
(Asynchronous Transfer Mode - ATM)& #f & Wifi-st (Packet CS) « ATM fcac+ & 7 4t &
LT HATM PR EHT o @ % IEEE 802.A6 BFL 511§ & 7 T @4 o 3¢ @i
R AT & o BIT AT w fas Al SEEE e A 45 > A w40 IPvA ~ IPV6 ~ IEEE Std
802.3/Ethernet # |EEE Std 802.1Q » i #-Ffld Az sk Bl * 5 K @pFie » o 3 §
R kPR Ede ke PDUs i& (73472 3% o ] 2-2 #7 & JLenE_IEEE 802.16 * £ et acs

k43l -

222, @dA*+k

EHF KTl dl il e r i s ETFRARY uE 2 B g
e dR R Bt L% > I B @ SDUs v # R e A #gandF 2 s (Connection)
PEdis4 5 : PDUs ) LT A iRiE o & IEEE 802.16) BB P o G eh TR E
By CEAREFI AT RS AN SR EERORITRIBC R RIpAE c R RERE

enigx BT o A S A RBET TR A PFEL (Time Division Duplexing , TDD)«
9
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fsiE - B (frame) i B g 7id e > 2 27 73 Mot (75 042 'ﬁiﬁ
FAR LBETHLAT oo BE R B B e SR FEARA

5k o o IEEE 802.16] A ? » ATH 0 ¢ M5 LR A S kAR EE G 0 &

=1

RREIE R ﬁ] ¢ i‘ﬂ’Tf-"’*" S e Fﬁfré e B Sl ;iggyo;“m? w2 4 o
Breb o LGt TDD BN TR E AR S3 Y MSoY M3 S Bendte ¥R R
WL 73 R BE o |cd 72 B L4lms 35+ 4 (access zone)fr¥ id
@]% + (relay zone) > 5B~ & & % 2 2o » P8 (network entry pomt)m@ﬁ%] BB
v :s%%@@?]% FREP ML ,é%giﬁ*ﬁvﬁn‘:i@%]?pﬁ; o T FERBHE L K 5§ R
¥ T T AL et e DL-MAP 3L L ¢ 5 T fehd M X % S sh & 4245 DL-MAP
g I L HT TR TR T A 4T F E 1R s NS (Connection ID) kg F
Lo @ FPiEEdE Kf AR LTINS TR Moot 2 e 7o RARA oA
EREER * G AARE th o T dh Mege 2 il O E} 7 UL-MAP eg 1231 & ki {7 i@
¥Foowd g Tl 4 fepids o & |[EEE 802.16) 157 > DL-MAP 3 & ¢ o4x% ™ {7 13 B~
PAfeT 0 M T AL skl ALULMAP P BE 2edrF i 5B A ot (79 M

PR -

2.2.2.1. MAC PDU #£.i% =+

& |[EEE 802.16] itk ¢ > 1dp s o 9rid * b fg 2 34 (centralized
distributed) ~ » # 5 93] & (transparent £t non-transparent)friEitir L o B @
B#cT AT A PDU ki = 5% (forwarding scheme) » 4 %] 5 i i #;% (tunnel-base
mode){frid st 24w 75 50 (CID-base mode)ifi% » 3% o i A ah ) g H8 vhiE = SN # 20 g
AR CHERTENP B AAT AN I P R RREE ) § A ERETRER
A= b d SRR AR A SHRAT AN Mo R Y o R RES SRSy
R R T RIS S

Wig 5% (tunnel-base mode):fix = 3% 5 Pk S22 B ML Fad 2 - iE § ik



W R 0 At BN B h PDUS % 12 relay MAC Header i (7445 » & - Buaise 3 -
i g @578 (Tunnel CID, @ T-CID): ¢ 12 if @ %% (Management Tunnel CID, #
AL MT-CID) « i 4 % kefid i@ » L Woat @ end B T 5 %k @ aindl A ez
A nE AL o bl i B endeBhaK B 5 % JF 12 relay MAC Header ¥+ PDU i 7 41 5
fea @l d el e dRRE SR E F A F relay MAC Header £ 1345 PDU e 5253 ) 45 -
TR B iE 3 R T o

WA u g (CID-base)hst vhi% & 55 ¢ * p SN i (T PDUEE ine 85 2 F 5B A

PBERFTHEEALGY M T Y el b - BREBNESNL 5P RLE
TR T P N S L T Y dhdt e B R v IR RS P & & 45 e 1] hPDU

EpP o MRS KL R

2.2.2.2. MAC 3/ %% ¥ > 3t# %—’]‘#
MAC PDU & = B3R4 #7ie = v 2-3 28 35— BFH L R 48 =~ MAC {5 » &
- B¥ %L Ao payload fr* k ifR4#FHCRC Y MAC %5 £ < # 1 > payload

ERVLE A GARALE R FTAVCRCA LERBH -

<«—0( bytes > < variable »<4] bytes—>
Generic MAC i CRC
Header Payload (option) (option)
- maximum 2, 047 bytes >

Bl 2-3 MAC PDU 1
MAC -8 » = Generic MAC Header fv MAC Header without payload = &3] 3¢ -

Generic MAC Header * % i & 3o odf 8B4 41 & f0g T30 Lo # 0 5T 72w B4
BREFHF EEN T > 4oBl 2-4 frdk 2-10 1455 Kot f8 MAC BT e 5 5 B3 e
(sub-header) ; + #&5 i & MAC Header §r payload z ¥ ¥ 4] ;* 1233 MAC 1% 42 H Type

Wizt &3 Fend & 4o% 2-2 - MAC Header without payload ~ = TYPEL fv TYPE2 & &
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AN AREY Boor e A S ARG RfrF = 48 PDU 2 ¢ ¢ payload

feCRCH = > £ ¢ 4% TYPEL 2 & £% Rt T =0 85 fo% =8 50 i g &

Fripl e 2 pERR GBS F 32 o 3] w] TYPE2 | 2% % Feedback Polling 4p B chis 4™ & * -

HT | EC ESF| CI Rsv
Type (6 EKS (2 LEN MSB (3
™ | @) ype (6) | () @ )
LEN LSB (8) CID MSB (8)
CID LSB (8) HCS (8)
B 2-4 GenericoMAC:Header # =% 3¢
%4 | & /bits it
Cl 1 CRCi#72%8 :1=CRC&44£ZPDUY ~ 0= % &4 CRC %t
CID 16 B4R ) A5
EC 1 s o 1= HPayloadiw i ~ 0 = R¥Payloadfe %
EKS | 2 |mEmsmes: RAEEC= 184 4%
HCS 8 AZEHE B 7 0 AR AR REMRR -
HT | 1 esima s sawss 0
LEN | 11 |E% &4MACERMCRCH &4 (4o %75 £)8PDUE &
Type 6 15~ FA2 8@ FuPayload sy $a !
ESF 1 JEAR FAZBAMAL ¢ 1= 6,554 4288 ~ 0= R 6,53 fd 42 5

7 2-1

12

Generic MAC Header #§ =3 p?




Type 4 7T 18

#5 (MSB) MeshF4Zs8 : 1= a4 -0= R &5

#4 ARQ Feedback Payload : 1= ¢4 0= R &4
st feType » 35 & F 2& /b Packing st Fragmentation 142 58
#3
1=2&4p ~ 0= Rt
#2 Fragmentation #4235 : 1= 64 0= R4
#1 Packing+4Zsg : 1= &4 ~0= R &4

TF 47T - FAST-FEEDBACK &t & F4Z 58
#0 (LSB) 47 ¢ Grant Management-+4% i3
1=64-0=Fe4%5

% 2-2 Generic MAC Header #2 ¢ Type {§ =3P

% IEEE 802.16) feptipth® > ¢ @ * Wi N E 2 B e SqeaB? B2 FFan
TP w2 * relay MAC Header i {7 3% » 4@ 2-5 > relay MAC Header £ i 4 9
Generic MAC Header 4p iz > ¢ relay. MAC header - payload fv i /|45 ;%7 CRC # = > H
¥ payload %~ Z_d % i MAC PDU #7781 g8 % & relay MAC header #» ¢ 3
CRC = » Bl & % & payload * & # MAC PDU-#CRC 4 =% it 4 1% - B 2-6 &2 % 2-3
= relay MAC Header #7735 #§f i=#7 X & 0, & ° 4ol - 442 MAC PDU 15 & relay MAC
header £z payload 7+ ¥ 1233 fe— B 5 B F g% kI EAy Sqod SO HRT Renr o

HAudod 2-3 ¢ #7 o

<«——F( bytes > < variable >4 bytes—>
Relay MAC Header Payload (opCtRiCon)

® 2-5 Relay MAC PDU #
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= | I
Sl=lz|lz 2|z|2lel =] =
T2l S| =S| ||| 2= LEN (4
I HEEREHEEHE R
an 3 < = o
LEN LSB(8) CID (MSB) (8)
CID (LLSB) (8) HCS (8)
T T Y R B T N O N O B
B 2-6 Relay,MAC:Header # = #& 5\
oy B £ R /bit Fa i
EC/AC 1 HT-CID: mAvBird]l o1l = 4, 0= 7 4%
¥MT=CI Dzt &t #c BirAl 1l =4, 0= 2 4R
RMI 1 Relay mode-indicator = 1
ASH 1 Allocation subheader : 1 = # 2, 0= % ¢ 3
+ 7 : Grant management subheader :
GMSH 1 l=¢3,0=2¢3
T 7 . 0 = reserved
FSH | Frilglilerltatlo_n sul?he/}ader :
l=9¢3%,0=2%¢3
PSH 1 Packing subheader : 1 = # 2, 0= 2 ¢ 3
QSH 1 QoS subheader : 1 =#¢ 37, 0=%¢ %

# 2-3 Relay MAC Header #7377 ZA§ iz p’

2223, @R

b WIMAX 356 ¢ o F 42 eni® § 4548 B 2 2 2 fog 2 B 2 @4+ (Connection
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-Oriented) s s ki = » F ik &d 16 =~ g M4 (Connection identifier, i -
CID) ¥ 5 Jhb & PRk i & 0 4 B S s] » Bfe? » %1 5 BB LF R L FT il
MBI G2 b o de A S BIER FE L AR * e Broadcast CID ~ P ML 8 H 2 i (T 4
4RI EET i * ehnitial Ranging CID ¢F » — drehd Mo et = oh & 4 OE ] &~ 2R {5 €
Bl LEra Bl A £ w5 Basic CID 2 Primary Management CID - Basic CID

ARE* RBELRAKREE B PEESEER L Primary Management CID p £.* & i@

FERRE T R Z.Bi;ﬁ%“‘bf@m?ljﬂ_;% Aot TR EAKRT RTRY Y A e
Secondary Management CID :f & > }* 2 & € 7 o B 2 s E managed RS &

managed MS pFagiE = o

&

fwa;,gp@4ﬁﬁ@ﬁg'&y;ﬁ%éﬁiﬁﬁﬁﬁawﬁyﬂéi—ﬁﬁﬁ
BB R E F i@ kol s A SGR NS A S Transport CID - & 2-4 &
FIMER Y Py AEORAREEER B Y R omET R A S A ST UL g

Mo SRl 2 E A B PRAA LU B AR SRE A A

i &7 37 & gi:4 5
Initial Ranging 0x0000 RS ~ MSi# 4747 4& R 35 54 A
MS or RS Basic CID 0x0001 - m TATREAFRGETERAAAEGE
MS or RS Primary CID mtl - 2m TATRETEKFERA R A
Transport CIDs, 2mt+l - OxFE9F | Secondaryig /& Fl F4T8 LiTid 4§
Secondary 45 A 48 ] 6944
Management CIDs,
Broadcast CID 0xFFFF A T AT BEBSA% 3% Ry 4% 318 £ MS RS

% 2-4 @l #H (CID)

2224, MAC g Za g

IEEE 802.16 # » £ 5~ P soged 2o Bk 2 BB R Y 217 20 MAC
B R o L AR K 4 S PDU 73 & payload ¢ o &R Y 3T
FIAfRA & d Z A S o AL FIEAlE] (Type) ~ #2334 p % (payload)fe TLV -

RPFRA AR F TV RGBS PA R RL A S § AR B 2T 50 AP A
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BREFF Fehgma Lk o

A 4

<«——1] bytes > < variable

Management
Message Type

/ \

Management Message Payload

Fixed Length
Field

Variable Length TLVs

EI 2 7 gam 21 éﬁ%ﬁ“wﬁ;}

FARE LB ML or S Fm,;' 7 FI%IH'IE »a#féfdf o AR L AT
4 4+ Generic MAC Header fr CRC iﬂ'%f’%\' MAC PDU » #Rts £ & e 3 ¥ iz oy
i AR 7| E (5 g% o A |IEEE 802. 16] &?—iﬁ-‘}"’#ﬂ /% *R%ét’ v R0 A EFERE G N  ATH
729 BAThE A L3N T MR-BS/RS &2 RS/IMS FFigfs kil #* » £ 2-5 5 pw %7

AEWIMAX P 32 53550 o elRa AROREL 7 7 T 2 g
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Type Message name Message description connection
0 ucb Uplink Channel Descriptor Broadcast
1 DCD Downlink Channel Descriptor Broadcast
2 DL-MAP Downlink Access Definition Broadcast
3 UL-MAP Uplink Access Definition Broadcast
4 RNG-REQ Ranging Request Initial Ranging or Basic
5 RNG-RSP Ranging Response Initial Ranging or Basic
6 REG-REQ Registration Request Primary Management
7 REG-RSP Registration Response Primary Management
11 DSA-REQ Dynamic Service Addition Request Primary Management
12 DSA-RSP Dynamic Service Addition Response Primary Management
13 DSA-ACK Dynamic Service Addition Acknowledge Primary Management
26 SBC-REQ SS Basic Capability Request Basic
27 SBC-RSP SS Basic Capability Response Basic
36 REP-REQ Channel measurement Report Request Basic
37 REP-RSP Channel measurement Report Response | Basic
53 MOB_NBR-ADV Neighbor Advertisement Message Broadcast or Primary
54 MOB_SCN-REQ Scanning Interval Allocation Request Basic
55 MOB_SCN-RSP Scanning Interval Allocation Response Basic
57 MOB_MSHO-REQ MS HO Request Message Basic
58 MOB_BSHO-RSP BS HO Response Message Basic
59 MOB_HO-IND HO Indication Message Basic
60 MOB_SCN-REP Scanning Request Report Message Broadcast or Primary
72 MR_RNG-REP MR Ranging report RS Basic
74 RS_Config-CMD RS configuration command RS Primary Management
80 MS_INFO-DEL MS context information delete RS Basic
90 RS_Member_List_Update RS group member list update RS Basic
92 MR_Generic-ACk Generic ACK of received message RS Basic

%25 FRALHI s

17




2.2.2.5. » RALR B4 45 PIEE

BBl WIMAX et d > @ B0 2% 5o Ao g i prioe T 538 » 425 (Network
Entry) f3 SR BRA - AB S R0 RRA SRS 2L E 20 R g T A
PR S Y MO AR AR (T AR o

B AR S R B RAR o - B St ~d AR SinFFFTR
RIS > LR AR N RRR B AL DAFERERS TR 0 L RAR SR Rl
MPRFE o »Ref2Rd — 3B P Ay S8 2k AR Lt Earda s A S a2y
FEGMT Y R ST GRS B 2-8 5 * 2 A DT M AR R ATIR (T AR
R gu‘r}&ﬂ;ﬁ,ﬁ :

(1) FRAr TR ETE2LREFRD

(2) #E 75k

(3) it 747 4oiplEE

(4) ZAE oA AR

(B) mFEL L4k

(6) it {731

(7) P18 IP @& i=n

(8) LA SRFHTRH > BE P mpER

(9) BiFik v S

(10) 2= = i@ 3

BEOREE R P AL R AT AR SR S o T Bed A5
iR DL-MAP UL ¥ 212 s (7 Ip B8 A3 5 913 B e AP M #3230 & > 4o DCD
UCD & UL-MAP © % % = =37 45 e P Ay 293 E DL-MAP 2L 5, » &7 % = e
gy S AR A B8 UL-MAP ¢ anflss S9r menfran o % Sty Sardg inen b
{7 8 3 18 (7 A 42 iRlEE (Initial Ranging) 2 A # 5 g fid SR A%

FARRIEE S S KAk CHRAPAEIARER RS FOERAI FF P HR AR
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A7 4RI BEPF § KA 59T B e 4 RIEEAS P E - 2 CDMA RIBEFR & A S imad s
FAo AB SRR R PEEAS R (7 A 4T T 0 R G-I F R R lcfe R R

#1& 32 L RNG-RSP w 6 @ixsg » % 2 (g 1935 Ak L7 B LR 740 i
To o3 BEBORRERT 2B EABREEDGE SV S Ay o8 254 ¢ wo
Bl LT N AR o

Ay Sopfe 2 0 E P oA h2 ko Ay Sfed L2 FRimr 2w
MAEF NG T2 o d AR AL Z4H - BV A FTENY B eREE TR
BB APLIE AL AN EREERET 0 AR SE MO nE N LEE SN e A 2T
FHNY MO RRT AR DIRBFEFT Y MO FERY C AR P gD
CDMA (RISEFS » § ¢ 5 jcF| ™ = sh4f i ch COMA RIBERS PF £ & (7 4 i 6 4 5 fopr
T4 & 2 #-474e 0 CDMA RI3ER £t %5+ MR_RNG-REP #3124 @i 3 J3 5 o &3
B @ WIMAX ga™ > § A S gdld * 2~ =88 4 3% ch CDMA PIREAS & 55 d ¢ %54
# 7 MR_RNG-REP ¢ 2 L pF > LR 5 B 6 Blienid i B kje o d @ el origf on
MR_RNG-REP » # ¥ 5 £ 19459728 Plafe o R e A 100 % © b & chig s » A&

% IEEE 802.16) %4t ® 023 % & A B2 s B R T g B2 o )30 Ed B ORE P
G e PAF cATERNY BT 2 hEB0 o BP0 FdRod A LB
srhte g Network Entry 2 4 > T FEF I 2B AW L oo f A ST ERY
BLITL Y PPl Ak S f B33 RS_Member_Update_List 3 @3 & %67 &5
{3779 80 @ BB BA L 22 AR SE Sl R o B 2-8 5 P A 7
53¢ M0 R RARE T R T A AR EE R ARR]

BAABIFEE R A (S 0 A S €Y S i MBHAE (Basic CID & Primary
Management CID)% = * = =5 > (%5 » 2R {8 BB E § 30 4 i AW o % 2 55 & 4
LA Wi ARREE AR ST A A i (SBC-REQ -~ SBC-RSP)ir4 44 #¥7:0
i (REG-REQ-REG-RSP) > & 1T9 st b fvt £ 42 UGB BB o0 0 5

BT o B P R PR T E R T A ER BT FA R 0 0§ MS A
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Managed MS p# 4 %ﬁ’ﬁﬁ’%?{;hfrwz_uﬁ;g@&ﬁﬁﬁog B - EoNE S - B L Vi it L /29 S B

£ 146 DSA-REQ-DSA-RSP # 53t L2 = Fl Gl U B * # sfahn A4 B o

(" Scanfor )
Downlink
\_ Channel )

Downlink
Synch.
Established
L 4
MS )
A authorization T T A
Obtain Uplink and Key | Establish Time|
|
Parameters ) Exchange | l\__?f_Da_y__/}'
Uplink MS R N
Parameters Authorization : : -Irflg’[laebcl)ifsﬁ:g : |
Acquires Complete L e |
( Ranging & 5 i X /____l____\
Automatic Register with | Transfer }
\_Adjustments ) MR-BS  Operational
l N J '._Parameters _/
Ranging & l I—I—————l:————l—l
Automatic Registration I Transfer | !
Adjustments Complete || Complete | |
Complete i I—'—————i ————— 1!
4 i N\ rTT T T T T ~N -
Negotiate | Establish IP | Establish
Basic | Connectivity ! Provisioned
\_ Capabilities Y Connections
Basic I_:_ ________ :_:
Capabilities : i IP Complete | 1 Operational
Negotiated ey

Bl 2-8 * ==k Network Entry /= 42.8]
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MR-BS RS MS
Time to send the initial
ranging opportunity
Send map containing Initial UL-MAP-
Ranging IE UL- N
Receive Rapging Code Transmit randomly selected Initial
. . . Ranging code in a randomly selected
FINg C oinge
Receive Ranging Coder« - CDMA Ranging Code— Ranging Slot from available
Wait for MR_RNG-REP Ranging Region
from RSs Send MR RNG-REP containing adjustment
Receive MR RNG-RE———— MR RNG-REP information, status, ranging code attributes
with RS basic CID
compare channel performance and select the
best path. send RNG-RSP containing
adjustment information, status, ranging code RNG-RSP
asg}gstfscv;:ﬂ}nrﬁggmg CID. Receive RNG-RSP message with
Ranging Code and Ranging Slot
Time to send initial ranging m.atchmg sent values. Adjust
opportunity Time&Power parameters
Send malsa i}(;:fgu}lg g Initial UL-MAP > UL-MAP
Receive Ranging Code Transmit randomly selected Initial
. . . Ranging code in a randomly selected
y C g Code— . .
Receive Ranging Code& ¢ DMA Ranging Cod Ranging Slot from available
Wait for MR_RNG-REP Ranging Region
from RSs
. Send MR_RNG-REP containing status.
-REfa——| - L= . . .
Receive MR_RNG-RER MR_RNG-REP ranging code attributes with RS basic CID
Send RNG-RSP containing status, ranging
code attributes with ranging CID. RNG-RSP: >
Status = Success
Receive RNG-RSP message with
Ranging Code and Ranging Slot
matching sent values.
Send UL-MAP containing T o . o
CDMA_Allocation-IE. UL-MAF > UL-MAL >
Transmit RNG-REQ containing MS
Receive RNG-REQ) [ RNG-REQ——— MAC address and continue with
regular Initial network entry.
. Forwards the RNG-REQ
R - !
Receive RNG-REQ RNGREQ™ 14 BS wit RS basic CID
Identify MS and its connecting
RS. Send RNG-RSP containing PN RED:
management CIDs with ranging RNG-RSE >
Receive RNG-RSP message
with matching MS MAC
address.
Bl 2-9 % 2T N RRT 2440 RIEETAR

R TN S

%
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2-10> TSP ML BRI N AR A DA R ARSI
(1) FfaAs o T FHRELE2 GRS
(2) ##F%- rFE 3B 5 (access station):g B~
(3) ‘W 74k
(4) & {74~ 40 RlBE
(5) ZrA¥ sz A
(6) REL £
(7) &y
(8) PIFMRTRA & 5LE R
(9) REFZFFER GBS anEB
(10) & o & 3 3 e =
(11) B~8 IP i 5 = 4
12) &2 i S EFFRF R > BRI aRER
(13) B ix 3 17 Sodic
(14) 3% = ¢ s 5 afk 17 S8
“,f 7t (2)~(8)~(9) ~ (10) ~ (14)4 Zx - ¢ Mk ik 7 Network Entry shfg B 3n4 &2 %
SxhAple o B ()~ (9~ (10) Rt ZEREMBAKIAD AW STV UEET R
RNG-RSP fF» 3% z_® # 5 Network Entry Optimization i ¢ # 5 % i& {= Network Entry

AT A
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Scan for

Downlink
Channel
\
Downlink
Synch.
Established
v y
Perform RS
First Stage authorization
Access station and Key
Selection Exchange
Obtain Uplink RyS
Parameters Authorization
Complete
\
Uplink /_V_\
Parameters Register with
Acquires MR-BS
i -
Ranging &
Automatic Y
\_Adjustments ) Registration
Complete
Y
Ranging & l
Automatic o N
Adjustments ' NBR station |
Complete | Measurement |
! repot /}'
Negotiate D
Basic
L .
\_Capabilities ) | | NBR station ! |
v | | Measurement | |
: " Irepot complete| |
Bas'lg. '_:__p___ _p___:_l
Capabilities
Negotiated

Second Stage
Access station
Selection

Second Stage
Access station
Selection

complete
[ I,

Path creation
and
tunnel
establish

| Establish IP |
|

| Connectivity !

IP Complete
_____ I—

[
|
|
|

of Day }

Time of Day
Established

Transfer
Operational
. Parameters _

)

Transfer
Complete

RS operation
parameters
configuration

— -

Y

Configuration
complete

B 2-10 ¢ # . Network Entry /4%

H2(B) (9 (10)5 L7 Mo b A BB hpRIEET

AE AL S E A G b T 5
Fod AR AR AT

L 27

L’; [t

v
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P NPRERE DR CERDT T G ML R A A W R AT AR &
CTPRARUEE 0 T2 B E A SR e B LB AR S ERY  BEAR S oMk
AT EN Y LT ¥ o DCD f = 4 ¢ hENnd-To-End Metric i 7 % — FF B i3 B~ S 3E B
AT D URB GBS HE RS o AT F - RGOS ERSE ORI B %)
KGR (7 47 4R BE e CDMA RIFEFS 87 Ak b S8 FA-4pPlBE T ¥ SB T 81 % 2 4 0 e fe B - R
SURARE Bl N AR SGE TN oo b B8 § ¢ M SOW B8 A Lodp i il SURTE I
EEEN B AR S ERBY Bk TRAEEY B KSR e R SR T T E
Bi%¥ RCD fv RS_Config-CMD # 33 & T 7 » AR 07 M5 38 79 %0 4p M Sk
ToF P ML AR AR Ll RSBl e £ v B MR_Generic-ACK ¢ 123t 4 kw0
VML AR AR d P M0 A 5 B WIMAX R EL Y chd ¢ LY MR LR S o

BT A RAEAEPEE B SaE 2 kgt Y WLy Bl A (Basic - Primary

Management &2 Secondary Management g 5)> & % ¢ := = * sk gz + K TRl aFpam o

2.2.2.6. T PRIE

TIPRIEES ¢ Moot 2t R RAWIEREE U R s B - JRIRIREGE

Ao THRFEAL B P ML AP 2 oahg

fe

» 43

S

g SRR R ORI RIE DB § 4 TP
e - v COMA RIFEFRS » 32 fo ki D 97TAe B PpIEEATE F 8 (7 @35 § Ay D3
P 2 PIEEB S 0 L BERA M FEFIEH K S RNG-RSP:E{7w K o ¥ 58 % » 23
Ed e P RNG-RSP U & ¢ 2y lE S % TR BRI L # F AR -

dofe B oS R T A ANRIEEIR AR 0 ¥ ML R R TR P S s er g e P RIEERS 0§ ¢
ST D] I PIEEAE PF Y % F #-H 415 MR_RNG-REP 21 & 3% 3 flp 5o A L7 i3
ST B Y S chE L L R R SRS > kBl o § 2-11

2 WIMAX % B e ™ % = =332 (7 7 8 PIIEAS B3 97 2 ﬁ e AR o
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MR-BS RS MS

[Time to send the Periodjc
Ranging opportunity]
Send map containing Periodic 5
Ranging IE UL-MAI >

[Receive Rapging Code] Transmit randomly selected Periodic

. . . Ranging code in a randomly selected

Tine C A o ) R
[Receive Ranging Code | < DMA Ranging Code— Ranging Slot from available
Wait for MR_RNG-REP Ranging Region
from RSs

Send MR RNG-REP containing adjustment
[Receive MR_RNG-REF4¢—————MR_RNG-REP— information, status, ranging code attributes
with RS basic CID

compare channel performance and select the
best path. send RNG-RSP containing
adjustment information, status, ranging code RNG-RSP: >
attributes with ranging CID. Receive RNG-RSP message with
Status = Continue Ranging Code and Ranging Slot
matching sent values. Adjust

[Time to send period

©

ranging Jopportunity Time&Power parameters
Send map contgmmg Periodic UL-MAP > UL-MAP >
Ranging IE . L

[Receive Ranging Code] Transmit randomly selected Periodic

. . . Ranging code in a randomly selected

e
[Receive Ranging Code |- - DMA Ranging Code— Ranging Slot from available
Wait for MR_RNG-REP Ranging Region
from RSs

. o ____ Send MR_RNG-REP containing status, ranging
[Receive MR_RNG-RER MR_RNG-REP code attributes with RS basic CID

Send RNG-RSP containing status, ranging
code attributes with ranging CID. RNG-RSP:
Status = Success

Receive RNG-RSP message with
Ranging Code and Ranging Slot
matching sent values.

Bl 2-11 % = 23305 5 5N o™ 2 2 3P PIRE AR

2227, HEPBFEF LIPS
fs B3¢ WIMAX 877 2 5 7 i 7 5% 2 shie (4% £ (Handover)snis 1 & IEEE
802.16e H-Mir#l g ¢ RAE T RS o FRBRFH OIS S RREESAF DA -

3t |EEE 802.16) it 5 # # 5% WIMAX ezt 8 > #700 et fh e ® R JE L H 7 6|

3
N
=
oo
'
(]
Wi

THREY SV A > AR BT P ML e L R
R EP TR T ROE RS Mo il SR A PR 0 T Y M S Rl

BRSSO A R P B Y L A PRE AR AT SR A

I~

T BEl it 2 N E A SRR ARB RN i SRR RS
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BOTORER SR RRT R DEE o AR 0T 2GR iR AR
MOB_NBR_ADV # 32t & & B~ @ ARIT R S ehfan » 0= @ % # e TS Blpe v
SRR RS @i MOB_SCN_REQ #rfezks o fe ¥ B Frdy AT A & 5L 0 A
ST R P R e R is £ v . MOB_SCN_RSP 4 fie * = 838 (7 48T fh 0 S A7 3
ks > % b hdF R R 2 S RTIC B Bl F 2 MOB_SCN_REP i w 2k & > i
Rl SBEF P AT RIEE T IR AR I AR o A K E WIMAX T > 3
R B n S o Y ML TR RS g T e
AR 47t 2 xad R 0l 5 (Serving BS)*r 3 1) p &3 5 (Target BS) »
A G AETis s (Break before Make) s ;¢ 4% £ (Hard Handover){r 4 i {5 %7 (Make
before Break) st 3 # £ (Soft Handover); mi & fdk £ pF ¢ L2 pRIEP ol 5@ €7ig &
PoEpiRis SREFEM T :\—fé*?fié% c I HRIALgAEIRAL cE 2R
fo o B¢ RTIRARY A Sl R o AN ST AFIR P A BN SERE P o LR
T AP Ry T PR FRH A KFRE  EIE 1A AT 2 i T T AR R
i E o SRR IR M SR - BB B R AR L pE
i w AR AR SRR (FOE R T
Bl 2-12 5 % » e FREpafes > A& e 70T BRI
(1) Ay o E£irE#H -
(2) He L g gmanit o
Q) &RFA+ cEFRH -
(4) RIFES ® R E R4 » o
(5) ik LA PRFE o
F oSt S g g 0 Rd AR S AL 2 Awulisd MOB_BSHO_REQ #
MOB_MSHO _REQ #4258 o § % “=4R W3g LA { g2 > £ 0 F 2 p R4 L2

0 % S g p Rl 2 e {7 Network Re-entry » 3 R B AR A3 & 3% B JRGE 0 PRAR P D
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AF 5§ EFH 28T 2 Resource Retain Time #7 7% 2 {5 4 #-4p B i & F 30 y‘%“,éf "
fo SR P IRAR SIRAFL PIR  E R MR RIRAR AR ST N RARE o &S K
Him WIMAX ™ » A3 S B30 B0 PR g ot 2l ME e F g frrgE st 2
MBS LY ML, O S aR Rk L hik 2 2V Resource Retain Time #7515 0 &
EQMETENRJM@JEL%E%&%%%ﬂ%SJWﬁ%%ﬁﬁ?ﬂ
% |EEE 802.16) #ta® > AT 44307 Mo Ap Rl ondk £ 484> 2L E NP M0 pepidp
Tk A T AR S ammEREEL e 2T 8¢ @S R % MOB_NBR_ADV
FREAL  H AT SN Y MR T O SRR ST oA BTSN B eR
FHET ¥ PSP AR SR F R T T AN MR EEd A SFET R
ek LB 4P B hE T Lo & IEEE 802.16] 445 ¢ 1345 et P ML 2 4 5 HES
Pl oY M s o HY L B MO A ETBEE . AR Jt Y s
?iﬂw&ﬁﬁi%%wﬁﬁ?ﬁﬁﬁ’ ¢ REE AR AT r S RIEEATRGI U E 2
RBUBEIRE S N AEHY D AR Tt ML LTSN s MY H

Bost P ML i AT D A R AR (e o et B S e FE .
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Cell Reselection: Handover
MS Scanning of Normal Operation Cancellation
Neighbor BSs

| A
HO
decision

Handover
Decision and

Initiation

Cell Rejected—»

Synch ronlzatlon
to Target BS

Downlink

Cell Rejected—»

Ranglng and
Network Re-entry

Cell Rejected—»

Termination of
MS Context

HO Success &
Normal Operation

Bl 2-12 % 2 (3 44T £ 370 s

2.23. %23k

€2+ A& f F IEEE802.16 i @it e e pipdl > L& d 5 B BRI 0 L
BA TR RS GRS T TR R UG AR RRR Y B TS 2
- ket RIS o AT IR AR B S xh P ML Do T AgA
F2 4 4o b IEEE802.16] ¥ - T4 @B LG 5 B B0t N7 B AR
FARTAEOET 2O R R A SRS S s P oY s
ST E S fRERE EMRE o) X 23 R P TR F2ER R T LR H R €
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P > AP AR e S (TR Y R TR R o

FHE 5 WIMAX it s 24T chlo R B o 7 1 5 JRAE 5 P BhdR o d SRl
PTEYET RenFAL PG d BERAG BEDZF AFY o 2 IEEE802.16 ¢ o £ 7 FERR
TR A AR AL 1 10~66 GHz fr 2~11 GHz 2 v &7 R WA 4 G R 0 A s
WirelessMAN-SC ~ WirelessMAN-SCa - WirelessMAN-OFDM -~ WirelessMAN-OFDMA =
st o 29 SCip* »t 10~66 GHz 454 » @ H 4= BRI * » 2~11 GHz 41 ¥ - @~
# SC~SCa i * ** LOS @ﬁi%l » OFDM £ OFDMA p]&_* >+ NLOS @@?‘J o 3 WIMAX
PR FHA L IR Y OFDM 5 A#F v & i H 8 WIMAX g7 » OFDMA 7 %
R fgpes P (TDD)E A & endf (T4 - d >0 |[EEE 802.16j 4L+ £_134; IEEE 802.16e %-
HWEL R g W > HF M E 4 27 02 OFDMA 5 A # T * e g1 (FDD)& » B
1 (TDD)A fEH & (74 (T o & fish 2 #T* 3 W% 5 OFDMA #5pe TDD = sV ig (7 9

CTES S B X

23.1. tRRLHFE 3P

A HE S E 5P (OFDMA)L & chid a2t R Achil 2 A 4F G B-fprt B BB & N
*oo i Eke F 50 OFDM § »e#ffud f § SR oRE /I TH B S - X2 Ly
OFDM #p I 5723 % = X - OFDMA #£ * & o 45 7 FDMA $jiF > ¥ ¥ % 37 % (scalable)

SR B AR R R R R R S i PRI 5

(subcarrier)~ &+ 5+ ¥ & > f i F g (sub-channel) » Afeisa o # =@ % > & % =2
BRGSO D BRI B s Sl e R E 7

It ST AR - RS ﬁg,] g }*’ﬁ‘ d 3 ;k #Fe ¥ (subcarrier allocation) £ ¢ & 1433 %
e 75 (Adaptive Modulation and Coding, AMC)#:jtr> ¥ 1438 OFDMA 2.7 #8 & = i &id
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il B FEREY BE T - & IEEE 802.16 R4 7 L £ v & FFT-size > 4 % £.128 ~

512 1,024 ~ 2,048 - % 2-6 &_{ WIMAX 42 #7 ¢ * -7 OFDM %-#[5] -

Fixed Mobile Multi-hop Relay
Parameter WIMAX WiMAX Scalable

OFDM-PHY OFDMA-PHY
FFT size 256 128 512 1,024 2,048
Number of used data subcarriers 192 72 360 720 1,440
Number of pilot subcarriers 8 12 60 120 240
Number of null/guard band subcarriers 56 44 92 184 368
Cyclic prefix or guard time (Tg/T;,) 1/32, 1/16, 1/8, 1/4

Depends on bandwidth: 7/6 for 256 OFDM, 8/7 for multiples
Oversampling rate (F;/BW) of 1.75 MHz, and 28/25 for multiples of 1.25 MHz, 1.5MHz, 2

MHz, or 2.75 MHz

Channel bandwidth (MHz) 3.5 1.25 5 10 20
Subcarrier frequency spacing (kHz) 15.625 10.94
Useful symbol time (ps) 64 91.4
Guard symbol duration (us) 8 11.4
OFDM symbol duration (ps) (2 102.9
Number of OFDM symbols in 5 ms frame 69 48.0

# 2-6 OFDMA 7 %8 & 4p M %3

2.3.2. i EH R E U Sl

o B SN SURERL AT Y S R0 2 8 WIMAX 2 42 i 12 (scalable)s &
B B S 2k 6 RIGIERIT R A RHE AFER G m@ﬂi&lé}%‘r v P oA B
IEEE 802.16 ® % 4= #82 H 4414 5 % : QPSK~16-QAM - 64-QAM - 4 2B 55 L 47 ¥
¥ g o 1 64-QAM K H 4e @ﬁi%]?é_ P F A BBLE T R ERT o T EERT S
£ 3 P QPSK » S FLie o

Wig oG - ¥R FIEF - @ P PR &3 ?#fi@ﬁi%]lrﬁi Feft o e WIMAX
ReAERBLES S B

(1) Randomization -
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(2) FEC Encoding -
(3) Bit Interleaving -

(4) Repetition -

%

FTBE R A § IR A EAHTRE T RB R T MR E R RRBER D

[
FAEew e AL S d PRI BB & RiE 0 4o B 2-13 #7571 - Randomization

%% 8 PRBS (pseudo-random binary sequence) it #icd 2 B ok R-FORAE 0 ¥ i g 0 b

TEFE - R ES I ERTEL 5 8 - FEC Encoding R E_i¢ * i *zz8 (Tail-biting

—~

1

convolution code)¥t+ F #L:E (7 %fg > @ ;ﬁ“r} Sk engE > BT G o M A g ﬁi%liﬁﬁ
VA BREBT BRI R E G U22/33/4= 48 2 FFECHB T AL > 2
FREEIHBE EFHRBE A AT REEEARE > Y EhBLERENY T
P oo % 27 51,024 FFT-size™ » # % 2 A W47 F SFECHHE F T > = Bslot

v TR 0 5 P % OFDMAR AR “7ié * dhig ic -

Data to . o
transmit in Randomizer FEC Bit Repetition Modulation
Encoder Interleaver Encoder
PHY burst

Mapping to
OFDMA sub-
Data channels

received FEC Bit Repetiti D
from PHY . [ epetition e-
burst Derandomizer Decoder Deinterleaver Decoder modulation

Bl 2-13 40 @ 9238 Jo 033 % 82 WA i AT
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Modulation | FEC coding Rate SEBEE L eEL Coded Payload (bytes)
(bytes)
1/2 6 12
QPSK
3/4 9 12
1/2 12 24
16-QAM
3/4 18 24
1/2 18 36
64-QAM 2/3 24 36
3/4 27 36

% 2-T 7k FEC ™ eh¥ = slot @ﬁﬁji

23.3. ZENTHEN? B RRAIEE v}#

Slot = OFDMA 7 %8 & fie ¥ T H ~phs] B > d P & b+ e OFDMA symbol i
B AE F ph b en3 i iE (sub-channel) #7 e a 5 F {T9E v % et 5 % 4 (Permutation
zone)i# e o & — B slot >t 7 foF §3Erikdla symbol B #kct 3 - % o b4e 0 & PUSC
A ®RFT T F2H mslotd A B symbols & - B F i e a b TR E i slot
d = B symbols & - B F @ i “THE = o

SO AEIEREBOH N A IEEE802.16) LAY £ AT AR LaniEE oo
DRTHHT Y SR 0 2 G R R AR SRR R AR e
T BT B E o T A o ALY Y B0 AN e er L an ) B hop count B ik
% P AAER S €3 F 0 AV At WA S BV T AN D R AR
HEFHRP 4ol it & Mobile WIMAX st 4= 28 4 sudmcha fre A4 % &2 5 1 3 Va7 o
FBAEd T EF ARl AR 0 PR B ER R RITE ST B AR B X AR
TARFBEA AR F (zone)e A KN FE N BIRRIEEEY T FI R 23 B
¥ o w5 T 3B % (DLaccesszone) T {7 % i+ % (DL transparent zone) ;

TR L B3 B o d T 5B F (UL access zone)#r + ki &4 (UL
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relay zone) e = - B 2-14 ~2-15> A B A & A - BV FHEN P MO RRIEET > Ak L8

éléé_»,,v\ TDD = \—rm%%ﬁpﬁé Hoe TiF 5803 mfal_\f" L:;A,\)‘gjg,qr j\@ﬁ—r f;%,:}:ij,_
PR BB NTR I B IETRR TETERF Y B BE PR
FHIY B RRE L AP e i er * 0¥ FFRIAR A9 85

AR R P ARER AR L SRR ST HQE I AR SRR RE

OFDMA symbol number

k| k+1 k+3 | k+5 | k+7T | k+9 | k11 | k+13 | k¥15 | k+17 K19 | k+22 | k+25 | k+28 | k+31 | k+34 | Kk+37 | k+d0 | k+43
ey
= DL burst#3
5 | Y
£ = s UL burst #1 R-UL burst #1
oS5 | o . PR
I %D | DLburst#4 o Silent/Cooperative Diversity
gg |2 52 for RS communicating with R-UL burst #2 o
w §’ € 2 @ B RSIMS UL burst #2 2
© -8 2 |B3 2 3 =
ns —| £ L |
L o = [ - | icati o =
E L-% B é 3 a MR-BS comNr|nSusn|cat|ng with UL burst £3 R-UL burst #3 E:.
8 DL burst #5
@ P
s R-UL burst #4
MSs communicating with RS %
DL burst #2 = R-UL burst #5
s+ | N
- 76 RTG
<DL Access Zone— - Optional Transparent Zone-»«—»«——————UL Access Zone———»=«———UL Relay Zone
DL Subframe UL Subframe
I=rame _,' Frame j+1-
- 4 L= > 4
Bl 2-14 f;ﬂ\f i ﬁ-ﬁ%’f MR’TBS BSR4
E':' B .-'_.-‘.-';"'
k| k1 k#3 | k5 | k+T k11 | k+13 | k+15 | k1T k419 | k422 | k#25 | k+28 k+34 | k+37 | k+40 | k+43
o
542 |
B DL burst #7
2
o 5 o
EZ 3
8% _| DL burst #8 o ‘ E
Iy ° Receiver mode for DL burst #10 M8s communicating with MR-BS Transmitter mode for 5
g % communicating with MR-BS communicating with MR-BS 2
: 3
2 x
Q
-
w
N I
— UL burst #5
= RRTG ™6 R-RTG RTG
DL Access Zone Optional Transparent Zone UL Access Zone UL Relay Zone
DL Subframe UL Subfram
Frame j Frame j+1-

Bl 2-15 = B F B eRT™ RSA{Z%HE
AAE ST EEREF e F - B i B35 (Preamble)* ki Ae S ¢ Lo
= P B T#&% WAz 45 (FCH)4r DL-MAP #7 e & sFCH ¢ * QPSK1/2

WAE SfB A % N T ¢ DLFP 3 Lo 3e 452 {8 cn DL-MAP #7i¢ * a3 S Foprfoin L & & o

B sy St DL-MAP & (7 if AP T (73 fed HGBp 407 58 ¥ o
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burst fiz  * 3¢ c DL-MAP 3t 44255 5 0 T 7 380 4 ¢ burst enfie § ki > ¢ 7 H ik *
e 3 3E B Hoosymbol #F PR 2 B ir @ R S EB AT AP A T SN e T
FTEFMEY AT ETEEF R ADLMAP LAY G AN T G SR i
FEaburst AR * BB IeA RS N RET CHET ETER AR ESTHER
RS c TAGERE AR REAGARI RES 24 2 FARrRBETES
burst > & - & burst ¥ d HA¥- 4K 73t % PDUs #rle = » & 3 B3 % 2 xh{ox Figd
L =R R ek A N S v’%f@ﬁﬁjﬁﬂifé o H e d Ao *—‘L’rf?;ﬁi%lﬁv:a‘_ﬁ R %
(UL-MAP ~ DCD ~ UCD %) 4 ¢ ¢ * Fufe i 547 e F H{ohfd > 58 &% - B burst
ﬁﬁ@% WEP B r T L TR RN A AR U AP TEFTER T AR
HAfeld 4 ¢ BOEFEFT (7R ﬁﬁiﬁgﬁv@%}‘&ﬁ; PR AR LSRG ERFTRESEY B
EEEGpFRE o P HREF T TR MREAR ST R FERT A AT E S
rﬁg?] o B AR SR FEEY EBETHI R Ak 5% IE A DL-MAP @
STC_DL _ZONE IE()",?:,;F A #F;'r pLalferd o 2 (T T H e F nfe d o F P HE 4R T
(59 M5 Kepburst 2 R 4 DL-MAP 2L £0¢ e0™ {7 5 153+ 3 oo burst e § = 5%
Y Mo BEOTREF A 2 BE - 2 BRRPBHT AR P B F AR EET
ﬂ@ﬁ,ﬁﬁh¢whw ?ﬂ%ﬁl%ﬁﬁio

P EGFEREF L B BE FERIAR SR ML AN REY & - R
B FAE 0 RIS PR T A ARRIEE ~ TWRIEE S A KRR S REER A P &
VML TAAREE ) P ML ot S A R P EFREEF T A AR > §F 2
FRAEPF > & JE 0 A p)iE T RamEY FEBE OB E o A 5 ¢ & UL-MAP ¢ &
FH P T F BE TR oY BN FEEFFEEFTREESTRER

gwé%%w~mﬁﬂkuUbWW1@v@&twgwﬁﬁﬁiﬁﬁiéﬁ@ﬁow%

ERLEEE A AR B o B BE AL FEERY R S AR SR
BAPMLRAY P FEROEENEE Y %03 UL-MAP ¢ e R A Lot g

pLzo ek o Al ¢

‘:”/”E%Fé& ffvf;];g' ’ ﬁ&é l’i‘L__

o
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hd
EiF
ET=
"
s
T
3
§
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S
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e
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Fe g - BOREEF A 0 5 AR S AR Y e E U RIEE O BRR S R

35



Chaper 3. & 3+& g iF

VAR

BAR - B gL 48 NCTUNS S RERET o k3 B e i £ - f§
H 0] F 58P %% 0 AP0 508 IEEE 802.16) © #73] 7 5 5% R ts LA B¢ § B
FOPF ST E R R S B (s AP MR &R R AR 1

AR T R 2R R R (A

u\"

3.1. NCTUns #BHHRET ¢ K7 B HEF

NCTUNS % B g B 1 & o 05051 6~ ae VR 22 W7 10 4 6 = B0A “if

oo s H 5 NCTUNs Rt Behl R Prots » By 5 7 R Y iRTE 2

I
HE
o

BRE P EROFRA R DA R PR RSN ARG F
B EH LD AP 7L G R E B TR R R e i

g o ANCTUNS s B St B i@ b ki 4 e 37 NG d 2 2 5 B

S BB T LR A NCTURS S bt i 3 4o ATenie i ficie > i eep

THEEY R il T i PR e KA R Y o F 200 0 50 5

TR iR E L P eRApE > 2 NCTUNs R B E F LB cnff it o > @ ¥

FEE TR T LR R R E D ORR S ¢ BHREREE et i

TR RBI R AR SR A PEAT G PR o 0T A g NCTUNS e R R S 2 1
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Host 1 Host 2
Interface Switch Interface
Module Module
ARP . ARP
Module Switch Module Module
: FIFO : FIFO ) ( FIFO : FIFO :
Module 9 Module ) L Module ) Module
: 802.3 : (8023 ) ( 8023 ) : 802.3 :
Module Module Module Module
— > < > < e
PHY PHY PHY PHY
Module Module Module Module
— P < </
Link Module Link Module Link Module Link Module
. Y, \_ J Y, \ Y,

T N f

Bl 3-1 NCTUns #Zugiati e 3t 4p 7% H
Bl 3-1.8_% NCTUNS 4 & -kt B2 > 3 (B iHost 992515 36 — B Switch & 8Lipid P i e

ey Ao R BAL O Host £ - I p SRR GG o H ek dpd b 3T 4 w4 Interface
#-2 - ARP #icie - FIFO ficie ~ 8023 -2 ~PHY #- 2 Link 2% o 8 F ¥ 4e i B
%5 o Host b 44 7 chfig ™ Azt i M endf SRR K AT K iR 0 KB T E kR g 1
# 71 interface - HELE ALY B R K SLeii AR RRIE o 3¢ &~ interface {4 4- @] 3-1.97 4
leh @A B e dydZz 84 A Link & 0 g E udte i R kg o 5 A it
#end & kg o PIEHES JE Link fTEig kahdte o ¢ LTI PHY fice £ 54 8023 fi
Ay R 0 B REAte R 2 o HHosta 3 o e (S € 5 d tunnel interface &
~ kernel space - ¢ kernel i+ 4t «h3d » ; F 4 Jczh 5 Switch » F15 Switch 2% = &

SR 0 T A Switch ficle k-2 3%4te hd w > 72 €3~ tunnel interface -
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NslObject

- char *name_

- u_int32_t nodelD_

- u_int32_t portid_

- u_int32_t nodeType__

+ NslObject(U_int32_t, u_int32_t, struct plist*, char *)
+ NslObject()

+ ~NslObject()

+ int init()

+ int recv(ePacket_ *)

+ int send(ePacket_ *)

+ int get(ePacket_ *, MBinder *)

+ int put(ePacket_ *, MBinder *)

+ int putl(ePacket_ *, Mbinder *)

+ int command(int argc, char *argv(])
+ void set_port(u_int32_t portid)

+ u_int32_t get_port()

+ char * get_name()

+ u_int32_t get_nid()

+ u_int32_t get_type()

B 3-2 Nslobject elass #_&
B 3-2 5 NCTUNS # 52 i B9 sr i e 3 B gk o NsIObject #75) > & ik ? et

F it R e BAE S 0 A RAE N BCE & e B a0t 2 send()4 recv() 0 fTF A
BBt G RNT Bt gd B0 B AR e R FRE . & NCTUNS B8t
B E? o - BEBAd - P fice e 0§ - B BRI B BT EE ko
He o pR e E T e g et recv() S st R R TR T Bl endt e o TP R dte o
Frifed el @ NG N RJE S A Bt > g ate SR BT B g s
Rzt put() g Aged e 10 2 edp Rehdt e 2 d P R arecv() R Tl o iy Y R |
7 osend()R] £ ¥ recv() S eniE R 4pE o F - BEBET 3¢ F R AH B S L

send() ;¢ g gket et > F P od T et el send() kdjed PR AriRiE endte > R A E FII
sd BT AP eBETH L &g B 33975 IR NCTUNS Rt B42 > F— & 8L7

i e B e idte o LWl -
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( —»
—~ | Module 1 1,

N
‘—

»( int recv(Event_ ) I int send(Event_ *))-.\

—~ \( Module 2 ] -
«»( int recv(Event_ ) I int send(Event_ *)}.\

~ Module 3 ]
~ odule -

( »( int recv(Event_ *) I int send(Event_ *)}.\
~— — P

B 3-3 el Bt

3.2, F¥EiaL ppin

MEHT A BFEF TR i Y A7 AN Y B0 WIMAX it A & NCTUNS #5-
BEL S FPATHO AN E R » w5 802.16) 7 AE & (MR-BS, Multi-hop
Relay-Base Station in Transparent Mode)~802.16] # ;' 5 # ;% ¢ % > (FRS, Fixed Relay

Station in Transparent mode){- 802.16j % = =4 (MS, Mobile Station) o 4] 3-4 #771 °

J+16 Jkﬁ ‘&

Base Station Fixed Relay Station Mobile Station
in Transparent mode in Transparent mode in Transparent mode

B 3-4 [IEEE 802.16j ¢ 423]7 & 47 o it L Eehe
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PRAT AN ML R T o AR AR DB SURRE R IR IR R

SLB R S EEBD ¢ A6 ol e d B02.16) kI BnE AN B R
He mmfio % kv Bofor 2B FAEL DN G o

BARSB Y Sl EEEL PR WRE- BRAMAG 0 AN Y 802.16] ¢ iy £

UL R TR R AR CBMDRRA G o F 2t G S IIgd PSR
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Y

ﬁiﬁ ' {zﬁ ﬁ%ﬂ/}mxg‘.ﬁj_xﬁ o B 80216] é&’]‘%-“‘ ’ i%&éﬁﬂl?ﬁi\“’ l‘%él’%’ﬁ%

BEZEE A BN SRl SRR IR T o 4o 350 4 B LK Y HED ¢ S i

EE {5 LOS PR § IR AR 5B E T 5 E R R S e R
§P‘Ef ™A o
J\
F216
y ) 4 / N
\ N
4 i f ‘ \ S
CINE WG FRORE W™
6 &« » a 6 = & » 6
/ \ \ \
/ \ \

B 3-5 IEEE 802.16j = &3V 7P #2315 &85 &350 7 B0 R
P NCTUNS B HH R @ * i IPV4A B #7081 & drfcacd & 384 A
P RITd IPv4 cnipitdts > BB el Tdte #d @ % FARG Kp FRF o IPv4 £fe
€ BRI R et RE A A s I F B - PDUSs #HE S burst RS £ S d A
EAN G BET T F AT o & 802.16) - BV B AT AN RET 0§ P B BT A
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SR A E nT R SRR i Y 5 K ¢ A 47 PDU e GRS 0 R

TRERGIHBORABUBEI P EFEE o A S{o* 2o K § Bk L fgan
FREEY RipdIPvadfe » TRET PR TJL > g b iz 2 Ao R o
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Chaper 4. Simulation Result

feA A AP RS NCTUns g B 32097 1761 802.16) F BN e 750 £
PlE S o 2 4-]1 F AR TR L I8 Sl
OFDMA parameters Definition Value
FFT-size (Nfft) 128, 512, 1024, 2048 1024
Used subcarriers (Nused) 840
DL subcarrier allocation DL-PUSC 30
UL subcarrier allocation UL-PUSC 35
Bandwidth (BW) 10 MHz
Sampling factor (n) 28/25, 8/7 28/25
Sampling frequency (Fs) floor(n*BW/8000)*8000 11.2 MHz
CP ratio 1/32, 1/16, 1/8, 1/4 1/8
CP time (Tg) CPratio * Tb 11.425 us
Symbol time (Ts) Tb + Tg 102.825 us
Frame duration 2,25,4,5,8,10, 125, 20 5 ms
Physical slot (PS) 4.0/ (Fs /1000000) 0.357143 us
TTG 90 PS
RTG 90 PS
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NCTUns ##t % + #77 ¥ [EEE 802. 16] 7 % 3% e pe e 38 (7 & 78 8RSk 3 o 2% 1 -4 UDP
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gnp Frame Duration
Theoretical MAC Sinulation Di fference between
FEC Hode Slot size | Scheduled throughputs[TT] (Mbps) throughputs[ST] (Mbps) TT and ST (%)
(Bytes) slots (without UDP/IP (with UDP/IP (equal to the UDP/IP
header overhead) header overhead) header overhead)
0 QPSK 1/2 6 623 5. 840625 5.67T1 2.80
1 QPSK 3/4 9 620 8. 71875 8. 486 2.67
2 16QAM 1/2 12 620 11.625 11.3313 2.53
3 16QAM 3/4 18 620 17.4375 16. 9472 2.81
4 64QAM 1/2 18 620 17.4375 16. 952 2,18
5 64QAM 2/3 24 620 23.25 22.5985 2.80
6 64QAM 3/4 21 620 26. 15625 25. 4421 2.13
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TP B eHF 375 & mac_subheader ¥ o 2 E ST E F A £ AR S 1 byteo ¥k
Fo g AE oEY PR REAHAOFH R ERALE DL D blde S
WA Ed s FI AL E 24 B AR A P a ek g 3R e 4 o
TR FFS s NPT EPIRS ety ok ’:é'_«‘ff'fﬁ—i LR S LR S i

BRI R B AP 0 R f IO X 9 A 2.7%~2.8%2 F o

67



AE o MAY L APRIEFA- BN SEEBT A3 5K S 5 UDP ki £i8 o B 4-2

J) ~_ J
" " f;i\,‘qa - Lb

Bl 4-2 ¢ @i 2B FT 35504 UDP »ea 2 B4R #

AL ERAEET 0 5 - BRI RREFH B 5 Host fo- B2 4]0 802.16j
SEFTENY Mo eRAIN S Ay CRETRGEI Y G P iR RESF T 2
oo 215 - A 1 (70 UDP »xa 81— 1 0 54 Host #iktd ¥ #7e5 @ % 1400 bytes

greedy UDP 317 #iE A S#EET % 258> £ 4-3 5775 H e 4 UDP »xic £ %

Theoretical MAC Simulation Di fference between
FEC Hode Slot size | Scheduled throug_hputs[TT] (Mbps) throughputs[ST] (Mbps) TT and ST (%)
(Bytes) slots (without UDP/IP (with UDP/IP (equal to the UDP/IP

header overhead) header overhead) header overhead)

0 QPSK 1/2 6 267 2503125 2.435 2.72

1 QPSK 3/4 9 268 3. 76875 3. 665 2.75

2 16QAM 1/2 12 268 5.025 4. 8817 2.75

3 16QAM 3/4 18 269 7.565625 7.358 2.74

4 64QAM 1/2 18 269 7.565625 7.358 2.74

5 64QAM 2/3 24 269 10. 0875 9.812 2.73

6 64QAM 3/4 27 269 11. 3484375 11.043 2.69
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68



1/2 kit 7 g okl > 5 - BH i B2 €427 H 3 B slot BHc > #7112 € 1T 267 B
slot # ki {7t &k UDP T @ dop Hieine anf g g8 - BRE? o1
Bl - o BT P B AR A SRR T R REE P f R & 2.7%~2.8%2 FF

BAAPATTEY SRE R

4.1.2. * »H A OHELER

%i
Bl 4-3 % =253 Bt EH R

Bl E P A gk 2 A B B B T E 45 2 UDP/TCP R B it (753
$ - e rdpicB 4-3> ¢ 5 - BHoStp = BAK S5 - B i B 24, d Host
@i greedy UDP 4+ ¢ & TCP ¢ S Pl Al Al S0 * 23, % 2:b g i S v @
S EA o AP ERBRAN SEFRIERD SR EAL R o AR B
PN S A LT RARR 0 P S BN EE R AR SIFL BB XY
Biod A S0 E B et > A LY TR P S0 )RR o B0
“79 % 0 MR_RNG-REP kid % % & ek i @85EL/T » pp B amkztd » A1 5 ¢ %

MS/RS ~ RS/MR-BS = MS/MR-BS 3t {73 m 970 * 353 % 2 3V & S Bopir e & 7§ i o0

T+

BE kAT PGB s 0 ERE T ENRAR S EER B L SRR TS
B

-y
\'—’"

Ws : MSEMR-BSFY } {7 = o 2 % % k% $L b T4 s enff €
Wr + Wp<Ws Wr @ MSERSFF } {7 = w33 % %fh H A T4 i &

Wp : RSEMR-BSE } {72 w23 % Sndf P74t s i £

69



~

LATd ML BER e A TR BT B Y S BE TR AR S RB L

FoAREF o pES  Srh g ind ¢ os wm?ﬁrﬁﬂ;:ﬂiﬁé o
Bl 4-4 5 A SBF 2350 @%]%4 AEEE S ED e P EE R Ay - B

BeAp T o P M0 T R ST Y SRR AL 16QAM 3/4 0 @ k- Bde o * 2 5

|

IR NE QPSK L2 % 2 d A SRR Y a2 N5 640QAM 3/4 0 3
Vp# 34ATAR > EELAHE L NPT g I A - B4R WS <Wp + Wr e &
POOAREBRITL R 2B L R 24 f5FF o FIE AR SRR AR LR

BES NP ST Y AP R S L 64QAM 34 % ST AR SEAES AR

Y

=

QPSK3/4, prpf» FafEs0ar x> My 5 ER P ML IELF P aan? BB ST

-~ -~

=

/;F

Wik o GRS A9 0 A SR BARER TR SHanIs o Bl A5 5P G SR

[n::\L

d 2 53 UDP &2 TCP £¢ a8 > d B ¥ F‘J‘J*’éi‘]z{t’fﬁtﬁﬁ“ B dopF s # o X
Befod A¥ S UDP & TCP 448 2 g Al 58 % 5 sbo [Vt % chd 5 S S04
EY @ﬁ%]si CEAF e QAMG4 3/4 4 % GV JUEE R S HERT 7§ X 5 22 Mbit/Sec 0 #iF
R E gt - L & RES 0 A R MR FG R B Rk 0 A SRRt P
QoS %¥ck T e HE A |t FFRGE St FHEERFE I FERe Y €
£ p fk* H# - i slot < - & symbol > » %{3 ® symbols #711 g % FiEFT (73 Az
chslot BHcSd S5 540 B E* | - &% kP HRE oV wuE R 5 2278125
Mbit/Sec » £ 28 i &R Tl erfp & o F * 2 REBHEY AL SR AR S EPRBELEF R
EE RT3 0 T P g € R K o d BlY T OOF IR AR - B
Srhdled AP ST REaT TR FILF ST BET MO EFBETH TUTE

FUEEBREAFRELTAFEEF R > EDY 2T G 95 22 Mbit/Sec -

§ 7 SRR MRS L T BB RN RRBBITIR T v S i R T

L8 24§yt SIS S ML PR K LR ST T U
AT EGREFETETEM T R TRGE S AP DARY L T ERREFET
FER AT FFMATY LT BA N AR i Bl n 101 B P B R T e 24

70



s TGS AT LiFA B chslots Bls 270 B 0 R o B PEF U IR RN
11 Mbit/Sec > e B F » F Ao pld ki £ 9 5 9OMbit/sec 2+ 0 4 F| L Ak LY %
o AR Y T TARSBEME 16QAM 3/4 @ ¢ ML 3 2B AR F i AR BT
L 64QAM 3/4 > iz g S H r el E  AK S 1P MOIMRERA LY SR
bottleneck » R T 77 H» F A iFf B slots il R 2fE v T FFTHFF B
oo TG EPIEA L g AR Y 49 fiRF > AR SR SARERITL Y P
Bog o B AR S8 2 A F A RN s QPSK 1/2 0 41 Dl 2 AR T 5

Mbit/Sec -

MS Weight

—=—Ws =—te—Wr+Wp

1.6
14

Weight

0 | N TN N T T v v |

4 8 12 16 20 24 28 32 36 40 44 48 52 56

Time (second)

Bl 4-4 % 2B R0 N2 s PR £ R-1

71



MS Throughput

27.00
24.00
21.00
18.00
15.00
12.00
9.00
6.00
3.00

000 ity

—&=—TCP Throughput

—#—UDP Throughput

Throughput (Mbit/Sec)

4 8 12 16 20 24 28 32 36 40 44 48 52 56

Time (Sec)

B 4-5 * =47 {7 TCP & UDP /i -1

| 3
W JL" Lﬂ
A7 Rs1 RS 2

B 4-6 * = =hE ik @ﬁia?lﬁ%iiiga‘%fﬁﬁ%#{:fii

LA A BT E Y S BB EH 0 J - B Hosts - B A G

- B St s Bt dpdd A ¢ d Host i UDP 22 TCP #f¢ 5d A
ST P EEREDRR O T PRREY S A MOFRE RN E PR
Foaad P MR ERGRISAE D Bl BANPE o d e L



AR R o M pEY 2 xR W REE AR S Hdcd Host B R adte > A% 4 fpF
BERGRAAFTEZAY o §ERNRSLIFL® 2 fahd Mub ot i RO
23 FjpF o H Sy g r Al RS2 G 3B 5o djt Host #r B endte > &fs % 364 = +
Flsi%E RS2:2Ftwohop Eixdte ¥y E48d Ay o BiEgfe RiFj sado ot d 2y
FE4rd A S4icd Host#r@ix it s - B 4-8 52 0 Host B 1 #* = :phite & B>
dRY G s at e - AR SRR A BOFRERE RASAR S g
FEEFORMRT I TR EATEFE S LT R @;31,?]% A g gegd > & TCP
Foklate Tﬁ@?}j A 7S 87 e e TCP congestion control algorithm sk 4 38 5 € i)
d B¢ ¥ g 3l * reno congestion control algorithm sh TCP %< & %% 23 §) %] 5 @ %5 oh
*rieig & TCP "% @ 44 kcd @ 1F& T ' > ¥ ¢t~ 4 cubic congestion control algorithm
I TCP s~ AR F] 5 & * TCP SACK #4118 17 "5 :& #4111 7 Ahkad @ ‘add - Lmné;%] F oo
d At Y MO BSWnBE > TR FR4EP 5 2 - LT IR Er R
Be? OB ETETEE R DR G R T o d P ML L RS g
PSR A NRARE S P e SRR Y R ﬁ;/ﬁ%;}i,ﬁh—i}l grrs o LAY Py
gl it PR A DA RRBRITEE T T TSR R R LTRE AP W
BEEE? P Mo Ae DFRY i @@lﬁ—, B4 e 64QAM 3/4 B % kB o o A7
BRMOAEY S R A RGN 0 AP RREER IR T o S iy
EPendb FRE A I RA- X 4eRlY % 422 fpF o *F 2w RSL RS GBS0 R

23~36 #j P11 RS2 % 5B 5 ehin B o

73



MS Weight

o

N =

o 038

(] ——\Ws

S 06 -w

0.4 ——\Wr+Wp through RS(1)
0.2 == Wr+Wp through RS(2)
0 S0 T T Y
2 6 10 14 18 22 26 30 34 38
Time (Sec)
Bl 47 % %5 %0 5 2 8 R £ F-2
MS Throughput Distribution

__ 12,00
[S)
§ 10.00
o 8.00
2
s 6.00 —&=reno TCP Throughput
2 400 .
%0 == cubic TCP Throughput
3 2.00
£ === UDP Throughput
'_ O‘OO | T T T T 1 e v v |

4 8 12 16 20 24 28 32 36 40 44 48

Time (Sec)

B 4-8 % =47 7 TCP £ UDP ;-2

4.1.3. #HAFARS N E RB N

Bl EE o AP S AR SRS S B 5N 8 Al ke T ¢ UDP

7‘,,{);‘ ?—/PJ @49 ,155;\:‘&. Ij" me‘:ﬁ—X#Eﬁ

Bl 4-9 Ay S8 S B e BN ER R G RSN R
74



3

N
X

R 7

NEEAFRS BT S RBATR T DA R N L R PTET S T

'1‘3\“\

Flohm s o VP A BORSRE Y B ReB i g T A CM e Tk Sl
RPLZE A S B T 2 230 UDP throughput sie 04 F o ™ 4 248 7 00 38 4% CM
Bole? TR RNTR I S8
» Channel Model : Empirical model (COST_231_Hata)
»  Transmit Power : MR-BS (43dBm) ; MS (35dBm)

» Antenna Height : MR-BS (30m) ; MS(1.5m)

B REEIEHY 5 ¢ 5 - B Hosts - B MR-BS - B “ b EEL AP HEY o % Sk g
SPEHAA S 5352yt BE 15 O % [fyeniT itk B AR AR St e B2 Y d Host
% greedy UDP $¢ 1 % =34 5 7 REWES S & b Hirh IR ™ $20 TR 1A
[tig A e g A g e ds i oAb i o T RRl B R BEAET Y S i T AR
Tlendte o 4ol 4-10 0 d B¢ T ORI R B FARR G0 RGBT T 2 i
FER R A3 5T @B endt & JEAEARE . Dl4e 1§ @7 6AQAM 3/4 G % Ko iRt

B CM e S tot TR SR ™ 0 % S g G REAE A £ 380 2 ¢ A G EE LA
JeFld gy 2ot UDP 446 - Bl 411 S PR % B i AR S8 % Sahari b ih
BB TR R0 K 4 55 UDP throughput »cic » 24 07 1258 RFE S 8 1 7 A A

P SR RGBT TR PR AP N R Y NI AR AR LTl

75



Throughput (Mbit/Sec)

30.00
27.00
24.00
21.00
18.00
15.00
12.00
9.00
6.00
3.00
0.00

Downlink Throughput
under Different Modulation Scheme

35 95 155 215 275 335 395 455 515 575

Distance (m)

—&=-—QPSK 1/2

—+—QPSK 3/4

—6—16QAM 1/2
—¥—160QAM 3/4
——640AM 1/2
—#=64QAM 2/3
—6—640QAM 3/4

Bl 4-10 % =347 REERT & * 7 A R H T UDP i

Throughput (Mbit/Sec)

28.00
25.00
22.00
19.00
16.00
13.00
10.00

7.00

4.00

1.00

Downlink Throughput
with Adaptive Modulation Scheme

N

=

Seo

Socccscco

35 95 155 215 275 335 395 455 515 575

Distance (m)

&%@Q —o&— Adaptive Robust MCS

B 4-11 # * Adaptive Modulation {¢ * = z3 5 UDP ;= &

6




4.2, BRI A

Bkl &Y s AN RRIE AR L P S o S BT G S 3N B g T

Do pe il b K PR RGE RO AT BB 0 T AR RO A £ R T S EIRE

CPU : Intel(R) Core(TM)2 Quad CPU Q9300 2.50GHz (i& * H %) -

Memory : 4 GB

OS : Linux Fedora 10 with kernel 2.6.27.7-nctuns-20090319
BE - BEEOTRREEY 0 AP RL A BRERIFE R EEFHEOTR ER 0 F - AREREE
% — & 802.16] MR-BS & ghizpe— i 802.16] MS &8k ; % - fAeiiri i - B 802.16]
MR-BS & 2b4pfie— B RS & 8L27 - B MS & 8L o Bt 05 ¢ > Vi ¢ B EGE 3 g 7 i 0 b
AT € WIMAX e s @ 57 @ ifendt & 1I4RMF R B 9 S sl slot 5 8 (3 (7 g &
JREGAZF 0 % RBCERFTMAE NE 5 TG PARE NP o B HRE BT o K H S 2
B3 G B 802.16) htts T FA T AL & ot UG L S B2 B AT Y A
FE GBI R TR Rleoti B RS RACE 4-4°4-50 4 % - AR
BgER T R LR FAR SO SR ERE B o SR R § A B i B
it A REETERTEFOFFAMIEFEAFRES2L R A A% - AR
B AP IR - B IS SRR A IR T AR R S - e SR
- R WSRO LERE AT H4.03 2 0 RFIE TS & IEEE 802.16)
PP LT RARAE YT B AL Sadnd Ak o ALt AR AR

PIARE T REARE T & RIS B S RARA R TR R 0 A A

bl
)

%

-
i

B oo Bt BaR T TR e i A4 ) 4 2t 14,400~14,812 Kb B o {335 ok

Benie B o sl v £ LA

[



FEC Mode Time (Sec)|Mem (KB) [Time (Sec)|Mem (KB) |Time (Sec)| Mem (KB)
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Chaper 5. Future Work
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Chaper 6. Conclusion
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