$=3% |EEEB02.16a & 3% ¢ # B AR 4 5

e P g R FE AT ¥ 2T Ly E IEEE802.16a OFDM Mode & &iL+n
€ ORE G A Bt AR TN R K e TRy L 5 IEEE
802.16a & 548 § ks o & F 0 A P IEEE 802.16a & ) R T dhin 4R

31 EATHEP L ALBWAG A

ARBEPT AL FIRPE PR Y B ST FH
SR 0 v R R L L PSTN/ISDN éhig sae i o 23045 5 550 7

AR RErES B FEBBRB- LT P ONER SR FL BB

p ,J»
SRR A AR mrﬁr CDMA PHS - 1 -
TR E AR G 2 B HHE R S ek (MMDS) ~ B R 1

W45 ¢ (ETSI) 2 & 4030 20 PRA(WCS) o FHF 7] T AU P~ it & a4 Pt
- ABATET T LA R ARE A AR A SRR A B

PR AR PR EROB AR EFHI ORI B ATE 272 T M

v
!
Y

TSP ER G s s

3.2 #1=%H(Frame Structure)

IEEE802.16a OFDM Mode 65&?;’3 € PE AR ¢ 9 OFDM 75 t=(Frame) » &_d
OFDM # A i e H ¢ ghizx 4 &7 sa(Downlink) 75 t= 2 1 4&(Uplink) 7%
t=> T 4agh 4= ¢ 7 DL Preamble > #§ +=4; 4% £ (Frame Control Header) - DL burst -
4o 3.2.1 #ro7 - @ ¢ 4agG =R E_¢ 7 Initial Ranging BW requests > UL Preamble

UL burst » 4c®) 3.2.2 #7577
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DL PHY PDU

| |
| |
| |
| |
| |

DL Preamble | FCH DL burst#1 | ... DL burst #m

DL Fr ame| DCD, UCD, MAPs addin

Prefix (optional) D £

\\\\
| ~<_
| ~~_

Rate ID | Length HCS
4 bits 12bits 8 bits

® 3.2.1 I|EEE802.16a T 4&45 1=k

Contention slot for Contention slot for UL PHY tr. burst UL PHY tr. burst
initial ranging BW requests from SS#k | vt from SS#n

UL Preamble UL burst

B 322 |EEE802.16a | 4éz5 1= 4k

# ¢ DL Burst 2 2 UL Burst 328 d £ #ci3 0 DATA & ~#i4f & » & {3 Burst 35
2 V1% 7 | Subscriber #7 & i i HF L B 3.2.3 2 ] 3.2.4 4 7 AT SRR
F BB @i o 5 - B OFDM (4 & 5 256 B+ Uik chF 4F = F 3
(IFFT) » %1244/ 255 (FCH) ~ DATA {4 =~ ¢ 2 256 BaER 38> & 5 192

R end Uk f o @ T8 AR 5L(Pilot Signal)¥r 56 1 m #E+ §V ik o

14



Reed .
DATA | Randomizer —® Solomon [~ Colgoéuuon ™| Interleaver [~ Modulation —®|  IFFT [ CP Addition
Coder oder
FCH(QPSK- Reed Convolution
12) —™ Solomon [ Coder ™ Interleaver [—® Modulation [—" IFFT — CP Addition
Coder
DL Preamble —®  IFFT
A, Y |

Subframe
P Symbol
Oversampling and Quad.
»  Interpolation > Wave » DA > Mod. - A
Shaping

W 3.2.3 IEEE 802.16a T 448 = il i¥ 4 3¢ 4

Reed
Solomon
Coder |

Randomizer Modulation —®|  IFFT  —* CP Addition

UL Preamble

Subframe
P Symbol
Oversampling and Quad.
»  Interpolation > Wave » DA > Mod. - A
Shaping

W 324 IEEE 802.16a } 448 =il i¥ 4 3¢ 4

15



TH - BAEN ATE F AT

@ Tiamis
<> DL Preamble
DL Preamble £.¢ % 1 OFDM & ~ 4= » H 45 4-@] 3.25 “77m o £ ¢ %
- & OFDM f# =~ 2\ i g2 % Short Preamble - % = # OFDM [ ~fi2
= Long Preamble - CP # % Guard Period » T, # % Guard Interval duration
» T, % % IFFT/FFT Period » # ¢ & -  OFDM # ~d B 5|S 00 &

IFFT 5@ 5] « 2 ¢ S, .00 Tk &

={{+j,0,0,0,1+,0,0,0,1+j,0,0,0,1-j,0,0,0,-1+j,
0,0,0,1+j,0,0,0,1+j,0,0,0,1+j,0,0,0,1-j,0,0,0,-1+j,
0,0,0,1+j,0,0,0,1+j,0,0,0,1+j,0,0,0,1-j,0,0,0,-1+j,
,1-j,0,0,0,1-j,0,0,0,12-j,0,0,0,-1-j,0,0,0,1+]j,
1+j,0,0,0-1+j,0,0;0,-1+j,0,0,0,1+j,0,0,0,
-1-j,0,0,0,0,0,0,0,4%j,0,0,0,1-j,0,0,0,1+j,0,0,0,
-1-j,0,0,0,-2+j,0,0,0,1-j,0,0,0,1+j,0,0,0,-1+j,0,0,0,
1-j,0,0,0,-1%j,0,0,0,1+j,0,0,0,-1+j,0,0,0,-1-j,0,0,0,
1+j,0,0,0,1+,0,0,05-%=430,0,0,1-j,0,0,0,1+j,0,0,0,
-1-j,0,0,0,-1+j,0,0,0,-1+j40670,0,-1-j,0,0,0,12-j,0,0,0,
-1+j,0,0,0,1+j}*sqrt(2)*sqrt(2)

S—100,100

0,0,0
0,0,0,-

# 2 % OFDM i 2 L A 5S yogu00 55 IFFT “HF 5] o S o000 T 5

={1,0,-1,0,-1,0,-1,0,1,0,1,0,1,0,1,0,-1,
1,0,-1,0,-1,0,-1,0,2,0,-1,0,1,0,1,0,
6,1,0,1,0,1,0,1,0,12,0,-1,0,1,0,-1,
,1,0,1,0,-1,0,-1,0,1,0,-1,0,1,0,-1,0,
6,17,0,-1,0,12,0,1,0,-1,0,-1,0,-1,0,1,
,-1,0,-1,0,-1,0,-1,0,1,0,1,0,0,0,
-1,0,1,0,-1,0,1,0,1,0,1,0,1,
,0,1 0,1,0,1,0,-1,0,1,0,-1,0,
-1,0,1,0,1,0,-1,0,1,0,-1,0,-1,
,0,-1,0,-1,0,-1,0,-1,0,1,0,1,0,
-1,0,-1,0,1,0,1,0,-1,0,-1,0,-1,

S -100,100 —

16



H¢ A OFDM f# ~ofk t A B2 0 % - %2 23 7 # Preamble % %
b — 1~ (Normalization) * » fj*u"nj% FHBP IR TEAF - 0a F

i /2 B 58 4c 3dB et F o

Cp 64 64 64 64 cp 128 128

R

B 3.2.5 DL Preamble
& ABiEfr 4112 (FCH)

Wiz 4l eg 24 = B & 4 #7H 2 > & w] £ DL Frame Prefix - DCD/UCD -
Padding- # ¢ DL Frame Prefix * ¥ m4 = Rate ID>Length>HCS = 3% 4 »
Rate ID £ 37 4 & bits » # % & % — % DL burst i 3§ %nfg 2 34 %> 5 »
% 3.2.1 %P Rate ID #rf ] % - Length % % — i burst p &7 OFDM =~
icp - HCS #_- 1% 8-bit Header 'Check Sequence - H §_# * % if ;p] DL
Frame Prefix €. 7 4+ DCD/UCD % &| & 45 it ™ 4ast + 4ok B burst ¢
W B 2 A% 5 o Padding poeh R F R E R 4+ - B OFDM # ~ -

# 3.2.1 OFDM Rate ID encodings

Rate ID Modulation
RS-CC rate
0 QPSK 1/2
1 QPSK 3/4
2 16QAM 1/2
3 16QAM 3/4
4 64QAM 2/3
5 64QAM 3/4
6-15 Reserved

17



_g
pei

e dliRp A% QPSK A % » %5 1/2 2 2R/ ERME
(Reed-Solomon Codes) % i *z % (Convolutional Codes) ° #& 1247 4% 5f 775
2 LR SR M %G 0 & %A 0 24 (Interleaving) » 2 %
pe 5447 B (Modulation Mapping Process) @ Af 4wt 55 (Pilot Signal)#& » 2

OFDM 3 % o

< DATA # =~
“T3 & DATA ¢ chE B A~ ME Lo g a2 /A
(Randomization) » £ 5 iE 2 18 % B %fg o 3 5% > * 45 (Interleaving) -
3 % pt 542 5 (Modulation Mapping Process) » 4 4t &5 (Pilot Signal)#& » 2

OFDM 3 % o

@ ! iafpis
<> Contention Slot for Initial Ranging
ot @ o347 Initial Ranging 0 Initial Ranging B mﬁ{ﬁ*“— IF
#r# 2 =4 (New Subscriber) k33 B H pr [F il 4% 2 ik 24 5o @ F L A7% 2 o
fefk i 5 Raf § e 2 o Initial Ranging f@ﬁ%éﬁ#{é - i DL Preamble
- B R HDRB A RS X0 OFDM 8 <4 - 13 DL

preamble 7 7] & 4 ] 3.2.6 & 7 -

cp| 64 64 64 64 cp 128 128
F—> F—>
F{» Tb F?g» Tb ‘

Bl 3.2.6 Long Preamble 7 1

18



<> Contention Slot for BW requests
ft 99 P #-47 Bandwidth Requests » + j& 235+ 4 (Subscriber) # £
WOOR DR R g o

<> UL Preamble
UL Preamble ¥_¢ — i OFDM §+ fuﬁéz\ H % f;i;zr@ 3.2.7 #t5+ - CP Guard
Period > T % Guard Interval duration> T, ¥ % IFFT/FFT Period- }* OFDM

#Bad BANS 0100 & IFFT #7183 o H @ S 0 % 5

,0,-1,0,1,0,1,0,2,0,1,0,-1,
-1,0,-1,0,1,0,-1,0,1,0,1,0,
0 ,0,1,0,2,0,1,0,-12,0,1,0,-1,
,1,0,-1,0,-1,0,12,0,-1,0,1,0,-1,0,
0 0,1,0,1,0,-1,0,-1,0,-1,0,1,
,-1,0,-1,0,-1,0,1,0,1,0,0,0,
0 +0,1,0,:1,0,1,0,1,0,1,0,1,
,1,051v0,2,0,240,-2,0,1,0,-1,0,
0,-10,1,042,0,-1,0,1,0,-1,0,-1,
,-1,0,-1,0%-1,0,-1,05+1,0,-1,0,1,0,1,0,
1 1,04-2,0,1,04;140,-1,0,-1,0,-1,
1,0,1,0,-1,0,-1,0, -1} *sqrt(2)*sqrt(2)

S—lOO,lOO :{

H_OH

= O

CP 128 128

A
Y
A
Y

T T,
B] 3.2.7 UL Preamble

#¢ OFDM f# &5kt & B2 > % - B2 45 7 % Preamble & 547 - i

(Normalization) > * ,T* LA F MR THPUFTRAF - oA BB N
P A 4 3dB e F o

19



& DATA i =
3 & DATA ¢ chF R = A & L S EEH L 2 24
(Randomization) » £ 5 iF 2 18 % B %fg » 3 %4 > % 45 (Interleaving) -
# % Pt 442 B (Modulation Mapping Process) » 4z 413 #5L(Pilot Signal)#& »~ £2

OFDM 3 % -

STROEE AT 3 N B U E AR 4R L(Pilot Signal) - &
B+ Fdenin B A B 5 -84~ -60 ~ -36 ~ =12~ 12~ 36 ~ 60 & 84 - Af4uiz B-
#* BPSK # % » » ﬁ.%%'\il o AT 4a(Downlink)pF » i3 N B AR Sl B eniE & d

(3.1)5 A

Cgs = C g5 = Cgp = Cgg =1—2W,

(3.1)
Cg=Cqp=Cyp=Cxp= 2w, =1
A Bt 48(Uplink) - ie N AR SRR L EnTE B Ad (3.2) 5% 42
C g4 =C 35 =Cpp = Cg5 =Cgp = Cyy =1-2wW,
(3.2)

6(30)% (32)5%45 B g Hew o K AN kB OFDM # =47 & 9 %
g 0 3w, & deim % B ALY B 3.2.8PRBS %4 2 -

20



Initialization DL
Sequences 1y 1 0 1 0 1 0 1 0 1 0 1

;
C

F 3.2.8 PRBS %

H¢ 4 PRBS %47 » T 4apFed- 4 A ) 11111111111 > fp e o b 4apE e
#= 4 F 7 ] 210101010101 - IEEE802.16a OFDM Mode ¥ - #& 12 5 1=(Frame)
T3t 5 AR QE BT Bl 329508 7 2 BETEAE

Time
Frame n-1 Frame n Frame n+1 Frame n+2
| T~
\ ~a
DL subframe
f— -]

DL PHY PDU

UL subframe ]

UL PHY PDU

#3.2.9 OFDM #1{=%

% 3.2.2 747 IEEE 802.16a OFDM Mode 2. OFDM & ~ i1 & %8k -
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# 3.2.2 |EEE 802.16a OFDM Mode 2. OFDM # = i & %3¢

Parameter Value
Neer 256
N eq 200
Licensed channel bandwidths which are multiples of
FS
AW 1.75 MHz and license- exempt:8/7, any other bandwidth:
Tg / 1/4,1/8, 1/16, 1/32
b
Number of lower frequency 28
guard carriers
Number of higher 27

frequency guard carriers

Frequency offset indices of

guard carriers

—-128,~127,---,=101 and 101,102,---,127

Frequency offset indices of -84,-60,-36,-12
BasicFixedLocationPilots 12, 36, 60, 84
Subchannel 1:{-8 ~76},{-50,---,-39},{1,---,13} ,{64,---, 75}
number:Allocated 2: { 51}, {-25,--,-14},{26, ’38}’{89’ 100
3:{- —89},{-38,---,-26}, { -+, 25},{51,---,63}
frequency offset indices of
4:{-75,--,-64},{-13,---,~1},{39,--,50},{76,-- }
carriers
Flr B FHLEN DFEFE > 2% OFDM # A L3t X 3o - B @ e+

# - & IEEE802.16a m M3t g i fhld » T HT e FREFRFEAR - 4 W[ AL8

PEPigl ~ 16 B2t B ~ 32 BE~4k 2L~ 64 B P~k EL o

DL Preamble #_* &k iT 5 4 #

i 2 3% DL Preamble it & 1 7R] ~ §Y L4

22




FmAeE S BERS - FEFFERGREEE Y o @ ULPreamble » g %
KT & FE VRIS A & B S i & plo 3 % DL Preamble 2 UL Preamble

EHBA e 2 H 3.25 2 B 3.27 /1 58 o

3.3 IEEE 802.16a #-3 % 1

% |IEEE 802.16a OFDM Mode ® 2 OFDM #jr 5 & & 28 e g e 4] Tilﬁi%l
BFEMNEA331 A7 HHARTHEEET A RTAFE I N A BB TFE T
ERER R LR F R AR S 30 H R R Rl R [19] -
3k kg 200 B FApS kigiE g #7 Rp-84--60-36-1212~ 36 -
60~ 84 ~ i+ ik S ARSI HL o 7L IFFT/FFT F 3L 2 247 5 1 L % 23
#1575 QPSK~16QAM & 64QAM = HiE i % = VR E i@ * 22 R4S
(Reed-Solomon Codes) % ¥ *z # (Caonvolutional. Codes) » # %#5 & (Code Rate) ] 4
WA 1/2~2/3 2 3[4 B4k 332 800 0 P EH G BA S N Bl T

N FE 5 o

% 331 IEEE 802.16a OFDM Mode 13 # £ | i i 5 (Mbps)

BW T, | QPSK | QPSK |16QAM |16QAM |64QAM | 64QAM
(MHz) 112 3/4 12 3/4 2/3 3/4
T%z 509 | 7.64 | 1018 | 1527 | 20.36 | 22.91
6 MHz
Ty 494 | 741 | 988 | 14.82 | 19.76 | 22.24
(MMDS) 16
T% 467 | 7.00 | 933 | 14.00 | 1867 | 21.00
T% 420 | 630 | 840 | 1260 | 16.80 | 18.90

23



T%Z 5.94 8.91 11.88 17.82 23.76 26.73
7 MHz

Ty 576 | 865 | 1153 | 17.29 | 23.06 | 25.94
(ETSI) 16

T% 544 | 817 | 1089 | 1633 | 21.78 | 2450

T% 4.90 7.35 9.80 14.70 19.60 22.05

T%6 16.13 24.20 32.27 48.40 64.54 72.61
20 MHz

Ty 15.24 22.86 30.48 45.71 60.95 68.57
(U-NI1) 8

T% 13.71 20.57 27.43 41.14 54.86 61.71

%3320 2 A RGN G 5
Uncoded Coded Overall CcC
Modulation | Block Size | BlockSize [Cading Rate| RS Code | Code Rate

(Bytes) (Bytes)
QPSK 24 48 1/2 (32,24,4) 213
QPSK 36 48 3/4 (40,36,2) 5/6
16QAM 48 96 1/2 (64,48,8) 2/3
16QAM 72 96 3/4 (80,72,4) 5/6
64QAM 96 144 2/3 (108,96,6) 3/4
64QAM 108 144 3/4 (120,108,6) 5/6

24




|EEE 802.16a OFDM Mode & 448 § e s @ 345 2-11GHz % fije 5% i 50
g pLeni® P AEE oA 3235 £ 324 BN B A LHF A ZHFVHBTEAT
FERBTAH Fie LA RIS PATHRET B AT FERR

=

%333 AP ZHEVRABRTHETLAE Sk

BW Af (kHz) Tb(ys) Tg(ys)
(MHz)
Ty Ty Ty Ty
32 16 8 4
10 | 442 | 22| L 12 24 53
14 5 10 5 5 5

f o =87

20 | g2 pmni L — 12 2=
7 5

£ 334 AT HTHBTHLTL AR 2%

BW Af (kHz) [T, (us) T, ()
(MHz)
T% Ty Ty T%
32 16 8 4
15
6E 146g 4ﬂ 9l 18E 36£
61 7 7 7 7
(MMDS) [ 3,
SO T R O £ A O e I E N T
f/ —7/6 64 7 7 7
BW 6.0 11 4 1 2 4 1
' 27== | 362 | 1= 2% 4= 9=
32 7 7 7 7
12.0
sall | 182 | 2 11 22 | 44
16 7 7 7 7 7
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8 7 7 7 7 7
175 | 13 | 128 4 8 16 32
16
(ETSI) 35 155 64 2 4 8 16
f%w =8/7 8
7.0
ot | 3 1 2 4 8
4
14.0
ol | 16 1 1 2 4
2 2
28.0 125 8 1 1 1 2
4 2
25 | 435 g 2T |, | 17 | 434 ] 538
89 35 35 35 35 35
(WCS)
S0 | 570 | 4811 4138 26 517 1034
f% /6 89 35| 35 35 35 35
BW 10.0 55 33 o 13 26 17
' 1522 | 23227 &R 1= 222 5=
96 35 {35 35 35 35
15,
50 | (923 22 | 16 32 129 323
64 2 35 35 35

3.4 B sk

AipE 20 m At g i (Wireless-MAN) R 48 & s o - 4 % 3MHz >
FEFFLALR BRI RE - A FAR S N2 HAFT APy
~ 45 3% (Bit Error Rate » BER)%t E /Ny 2 1t d o 5% T4 £ & LENGTH 1000
Bytes 5 & H ¥ @i=si * iz jmd B 5 Square-Root Raised Cosine jg it & » =
B P~ F a8 2 (Up-sampling » M=2) » iz i@ * gk B 5 Square-Root
Raised Cosine gt % > "% M E~4%4f 5 3 & (Down-sampling) » & B3k 75 $¥ ¥
S otk ie kTR 34182 34.2-H ¢ K dhT & 5 F i~ (Information Bits)
2 Ep/Ng » b s g o g ? o7 Flend RS g RAIRT EA T - 33
Wi BRIF- EAL -

AP AT R ER S BT AT DT R
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AR B PR S R
= 2 % Fx DL Preamble sz £ i /8](DL Preamble Detection)
FBAze b (¢ $RF3 & i sg (Overall Channel)# + — 43 5 AL &)
I Feid i 15 B (Channel Estimation)
% F ehA M KA+ B (Linear Power Amplifier)
EH3E o % 7 B (RF Frond-End)z. 1-Q -T ##7(1-Q Balance)
X3 4p =323 (Phase Noise)
% BLag 18 (Zero-Forcing) f#:3
i 5" f2 45 (Soft-Decoding)

Bogor* i@ B F ALy 5 i Bk#c(Floating Point)
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14 F All Ideal Sync. in AWGN Channel
e s - opskn

] e o | S, —e— QPSK-3/4
0.1+ hd T * —A— 16QAM-1/2
. . % —a— 16QAM-3/4
L —e— 64QAM-2/3
001 ] @ —%— 64QAM-3/4
01 5 "
*
1E-3 o
BER 3 >

T ey

HRINAN
REEERENENE

-2 0 2 4 6 8 10 12 14 16
Eb/NO(dB)

B 341 2% % %S & AWGN i i » 2 BER vs. Eb/NO

13 All ideal Sync. in SUI-4 Channel Model
E —m— QPSK-1/2
x*
1 33— —@— QPSK-3/4
o1 - - | —A— 16QAM-1/2
T A R k —— 16QAM-3/4
[
SN A N | o v
vor] " ':\ \(,\ | % 64QAM-3/4
) é ' ®
BER ] \ X:: 'sﬁ\ir
E [ | \ .\ \
1E-3 4
E " ®
\ \ .\0\*
| n \ \
1543 n *
[ ] X“ 0\?0\
*
1E-5 4— . . . . . . —, . ' —
8 10 12 14 16 18 20 22 24 26 28 30 32
Eb/NO(dB)

B 342 LA H N2 B F b B sl @ 2 BERvs. Eb/NO
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