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IEEE 802.16a ¥ 3% & st (s — v@ (Last Mile)sfgii= % » éfﬂ‘f»‘:?{?’z €
P ps R IEEE 802. 16a[5] 2 & F #:7 & 5 7 4f &~ (Broadband Wireless Access,
BWA) s st # & (Physical Layer, PHY) 2 & 4 5 B~ 47 41 & (Media Access
Control Layer, MAC)&:3*ef*fige o 127 44t IEEE 802.16a & M T & e B AR 2 17

- o

4.1 |EEE 802.16a ,: st4.#

< o IEEE 802.16a 7 %8 & 2 4 * WirelessMAN-OFDM PHY > * &7 %8
£ & * OFDM # % #5% > & ¥ &4 2-11 GHZ 7 NLOS i€ i Tk 5 73K 3 o 444
FPRAHE R N B N MRS A R ERERRER 7 E
f@m@;ﬁi@?]i Fooodrd 411 T e 3%k s #0200 1+ i‘i)i KigEgEp, He R
#-84 ~-60 ~ -36 ~ -12 ~ 12 ~ 36 ~ 60 » 84 ~ ip'+ ;E MR AR SR 5L o 2 IFFT/FFT
FREIMFSAPANE BRARTRT 5 QPSK » 16QAM £ 64QAM - H i
i okl SV R AR * 2 4g #7 B 45 (Reed-Solomon Codes) 2 it £ (Convolutional
Codes) » H %% % (Code Rate)@| A %5 1/2-2/3 &2 34> 42 paa %> 4> H

SRR T PSR S o ded 4.1.2 91on o

# 411 |EEE 802.16a OFDM Mode %% * £ %] i i i# % (Mbps)

BW T QPSK | QPSK [16QAM | 16QAM | 64QAM | 64QAM

9

(MH2) 1/2 3/4 1/2 3/4 2/3 3/4

T%Z 5.09 7.64 10.18 15.27 20.36 2291

6 MHz
T%ﬁ 4,94 741 9.88 14.82 19.76 22.24

(MMDS)

T% 4.67 7.00 9.33 14.00 18.67 21.00
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T% 420 | 630 | 840 | 1260 | 16.80 | 18.90

T%Z 5.94 8.91 11.88 17.82 23.76 26.73
7 MHz

Ty 5.76 8.65 11.53 17.29 23.06 25.94
(ETSI) 16

T% 5.44 8.17 10.89 16.33 21.78 24.50

T% 4.90 7.35 9.80 14.70 19.60 22.05

T%G 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

# 412 F e BN g ¥
Uncoded Coded Overall CcC
Modulation | Block Size | Block Size |Coding Rate| RS Code | Code Rate

(Bytes) (Bytes)
QPSK 24 48 1/2 (32,24,4) 2/3
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 96 144 213 (108,96,6) 3/4
64QAM 108 144 3/4 (120,108,6) 5/6

IEEE 802.16a OFDM Mode # 2 3% ¢ 8% ¥ R4 2-11GHz K B E

4

F

g R MR i IR FERIPN T R A S F &R (Licensed

Bands)£: # 7 & 34 B <rf i (Unlicensed Bands) » #-4 %] 4 %2 o A% & S R ervlg

F2AFRAMFF L ATH BT PATEEL  PARTE RET TR
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B drd 413 % % 414 %757 o

%2413 AP ZHFIHBRTHERL AR 28K
BW AF (KHZ) |T, (us) T, (us)
(MHz)
Ty Ty Ty Ty
32 16 8 4
10 | 442 | 22| 1 12 24 53
14 5 | 10 5 5 5
.
s/ =8[7
BW
20 892 113 l l 12 2&
7 5 20 10 5 5
2414 WA THTHBTHEL 4R Sk
BW Af (KHz) [T (346) T, (1)
(MHz2)
T/ Ty Ty T%
32 16 8 4
1.
> 621 w2 | 42 ot 182 362
61 7 7 7 7 7
(MMDS)
30 1 1388 | 431 | ,2 22 ot 182
fs/ _7/6 64 7 7 7 7 7
BW
60 | 711 | 64 | 41 22 22 ot
32 7 7 7 7 7
20 | i g2 | 4|1 | 2 | 8
16 7 7 7 7 7
8 7 7 7 7 7
Ersy | 175 | ;18 | 128 4 8 16 32
f 16
%w =8/7| 35 155 64 2 4 8 16
8
(ETSI) 7.0 2L 32 1 2 4 8
A
aw = 1| 16 | 1 1 2 4
' 62= =
2 2
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28.0 125 8 1 1 1 2
4 2
2 112 | g7 2l | % 517 1034 213
89 35 35 35 35 35
(WCS)
R I T - A (N T
fs/ ~7/6 89 35 35 35 35 35
BW 10.0 55 33| 24 13 26 17
' 45— | 21— | — 1= 2— 5——
96 35| 35 35 35 35
15.0 68§ 14E E g 1§ 3§
64 3% | 35 35 35 35

42 B i=% H(Frame Structure)

|IEEE802.16a OFDM Mode f 3 %% § 4 B % 2 3§ 1248 += (Frame) » 24
OFDM {= ;w'ﬂ;:x e B9 g R = 4a(Downlink, DL)#& =2 F 4&(Uplink,
UL)# += > DL #+=¢ 7 DL-Preamble »/#% 4= f3=+] & ¢ (Frame Control Header,
FCH) > DL burst » 4-® 4.2.17°#%77 » m UL #128] &_¢ % Initial Ranging - BW

requests » UL Preamble » UL burst + 4[] 4.2.2 #777 o

[ >

DL PHY PDU

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

_ - \\\
-
_- \\\
- ~

DL Fr ame| DCD, UCD, MAPs
Prefix (optional)

I Tt~
I T~

~

padding

~
-~

Rate ID | Length HCS
4 bits 12bits 8 bits

B 4.2.1 I|EEE 802.16a Downlink #5 =% #
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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

W 4.2.2 |EEE 802.16a Uplink #% 1= #

,
BT

OFDM f# & e i b cn 4ol 423 #17 > To 5 f %ch B A% 7 > #-3
R AR BB DTk RAF RS 5o B P57k 5 5L(Cyclic Prefix) » 5% & To .%E?Tgfj.%

- B2 EHOFDM f = o

®l 4.2.3 OFDM 8 ~ &4 (Time, Domain)

OFDM f+ ~ fe g |+ ehigfpdeRl 4.2.4 4755 » & i {+~d 256 BAESE T 50
s> #9192 5 U @i TR 8 AT 4 L(Pilot Signal)it i & ¥ e
wesa %o 56 i xeh+ UL (Null Carriers) - 56 & Null Carriers ¢ 4% 1 i DC

Carrier» 27 T Null Carriers % + Guard Band i * »28 i# Null Carriers %+ Guard

Band & * -

Pilot Carriers

Data Carriers DC carrier

Channel Guard band_Y

“¥_Guard Band
®] 4.2.4 OFDM 3 =~ k1 (Frequency Domain)

IEEE 802.16a OFDM Mode * OFDM f{# ~ i & % #iche# 4.2.1 #7155 ;
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4 4.2.1 |EEE 802.16a OFDM Mode z. OFDM {+ = 1 & %#k
Parameter Value
N 256
N eq 200
Licensed channel bandwidths which are multiples of
F%W 1.75 MHz and license- exempt:8/7, any other bandwidth:
716
T / 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 —128,-127,---,—101 and 101,102,---,127
guard carriers
Frequency offset indices of -84,-60,-36,-12
BasicFixedLocationPilots 12, 36, 60, 84
Subchannel 1:{-88,-+,~76},{-50,---,-39},{1,--,13},{64,---, 75}
number:Allocated 2: { ~51),{-25,,-14},{26, ’38}’{89’ 100}
o 3: { -100, - } {—38,--- } { ,25},{51, }
frequency offset indices of 4- { } { 13 1} { },{76, }

carriers

Downlink £ Uplink & i 4% c2g HA4oR 4.25 2 B 4.2.6 77!
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CP Insertion

Interleaver }—> Modulation }—>‘ IFFT }—>
Modulation }—" IFFT H CP Insertion }—‘

Convolution
Coder
Interleaver }—’

Reed
Randomizer Solomon
Coder
soeed Convolution
Coder

‘ DATA }—>
FCH(QPSK-
12)

DL Preamble

Coder

DL Preamble ¢ DATA 2 ¢

Subframe
/P
Oversampling and Sg\/rz‘kjsl DIA RF RF
> Interpolation > Shaping v UpConverter > PA

W 4.2.5 |EEE 802.16aDownlink i i% 4% % 4

Reed . g
DATA Randomizer Solomon Convolul.lon Interleaver Modulation IFFT CP Insertion
N Coder L
Coder
] ! L

UL Preamble IFFT

Contension slot for, Contension slot fory
Subframe
Symbol RE
PA

/P
Oversampling and
> Interpolation Wa\_/e » DA > UpConverter
Shaping

Y

Y

Bl 4.26 |EEE 802.16a Uplink i® i% 4% 7¢ 4

4.2.1 Downlink 7% 1= #

DL #51== 7 DL Preamble ~ FCH % DL burst #7 = » & %] fj £4cT

AR RF 2L RH BRSO T L ¢ 35 DL Preamble it £
GRS T B B BIER R R R LR RRIEZEE £ X -DL Preamble

DL Preamble :
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£d & B OFDM f& ~4 = » H 4 def] 4.2.7 771 o

o | 64 64 64 6 | cp 128 128
Tg Tb Tg Tb

B] 4.2.7 DL Preamble

%— 3 OFDM # ~ 2 d 4 Bopl N % ~FH 5 64 BEARZ @R B L itle
&0 513 OFDM S d 2 Bapl M 3 ~ 4 5 128 BB B E 215 = ot
2= o CP( Cyclic Prefix)&_* &k it 3% + 3 (Inter Symbol Interference, 1SI) >

HERD Ay SRRE g aypkwm g, - T, % CP e & » % IEEE 802.16a
M R ARREY > T RT e EERERFEAR > 4B L8 B 16 BPiE
232 PPt 264 BPtRE e T 8% IFFT/EFT %727 % - i OFDM

7ol B A0S 0100 5 IFFT #7173 e B A8 00 5 %3 &

={1+j,0,0,0,1+j,0,0,07%%j70,0,0,1-j,0,0,0,-1+j,
0,0,0,1+j,0,04041+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+%+3,0,0,0,1+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,-1-j,0,0,0,1-j,0,0,0,1+j,0,0,0,
-1-j,0,0,0,-1+j,0,0,0,12-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,0,0,0,2-j,0,0,0,-1-j,0,0,0,12-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,0,0,0,12-j,0,0,0,
-1+j,0,0,0,1+j}*sqrt(2)*sqrt(2)

S—100,100

0,0,0
0,0,0,

= B OFDM # 24 £.d B #1S 0100 45 IFFT #4@ 5] o S 0100 % 5
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S 1w0100=11,0,-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,-1,0,1,0,1,0,2,0,-1,0,1,0,-1,
0,1,0,2,0,-1,0,-1,0,2,0,-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,-1,0,1,0,1,0,0,0,
1,0,-1,0,-1,0,1,0,-1,0,1,0,1,0,1,0,1,
0,-1,0,1,0,2,0,2,0,2,0,-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,-1,0,2,0,1,0,-1,0,-1,0,-1,
0,12,0,-1,0,-1,0,1,0,-1,0,-1,0, -1} *sqrt(2)*sqrt(2)

#¢ 5 OFDM f$ 2ok 1 & B2 » % - %2 45 1 # Preamble & 547~ i
(Normalization) * fﬂjﬂe FHBPIIBPRFTESF L - 0a F 2 B2 B2
4e 30B e F o
FCH: #&+{=4;+|42p (FCH)-Z_d= DL Frame Prefix * DCD/UCD -~ Padding }f'ﬁ;é»‘ )
DL Frame Prefix # w4 = Rate ID>Lengths HCS =38~ > Rate ID = 7 4 i bits>
H 2 & % - B DLburst i if $ss % A>3 4 4223 RateID #75 p % o
Length #_& — & burst p 59 OFDM & = &dice » HCS #_— 1 8-bit Header Check
Sequence > # H 4% * % i p] DL Frame Prefix £_% 7 4 o DCD/UCD 4 %| & 45 iff
Downlink £ Uplink # i burst e3d ig %% % 24 % = ;% o Padding P «h&_* k3 F
24 -k OFDM # = o

#. 4.2.2 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
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5 64QAM 3/4

6-15 Reserved

Biedr e a5 QPSK 4 % > % F 5 12 2 2 TR MiG
(Reed-Solomon Codes) % 1 *z# (Convolutional Codes) - #5247 #1158 252 &
B¢ SR R S 0 1 Y5 AE 4 (Interleaving) 0 3 % P BT AR A
(Modulation Mapping Process) » 4f 4tz 5L (Pilot Signal)4& » ¥ OFDM # % -

Data Symbol: {+ ~d 256 BHAps 5t HY & 7 192 BE I & * e &
af xR 8 AR 4is BL(Pilot Signal)£r 56 B m sk F L o #73 f DATA
PRl AR g B A 2 2 A4 (Randomization) > £ B 2 4G R B A
7§ 0 3% g B 0 2 4 (Interleaving) - 3% % B+ 542 5 (Modulation Mapping Process)

B

AF #7

% 5 (Pilot Signal)4& » &2 OFDM 3% % -

4.2.2 Uplink /{284

UL 7 {= ¢ 7 Contention Slot for Ranging Request(RNG) -~ Contention Slot for BW
requests ~ DL Preamble 2 UL burst *7 % = & BLY 2407

Contention Slot for Ranging Request: & * #p ¥ p -3¢ {7 Initial Ranging -+ Initial
Ranging p mﬁ%u« 3t — A% = =3 (New Subscriber) % 23 £F 2 P ¥ i #5 & B ix
Fo R ATH P ade il 5 R o0 o Initial Ranging TME]%H#{EJ - B
DL Preamble 2 — i & * & % Flndnsg ot % 2 ;1 9 OFDM & ~ o7 = o 3 3¢
DL Preamble % %#E'J Hd B 428 &1 o

cp| 64 64 64 64 cp 128 128
+—> +—>
F? Tb FT; Tb ‘

# 4.2.8 Long Preamble 7 #

Contention Slot for BW requests: ¢t 8 fF jr #-34 7 Bandwidth Requests » » ,T&{
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F* 2 =B (Subscriber) ¥t Ay o3k DHE R R 0B oo
UL Preamble: UL Preamble &£ 4 - i OFDM {# ~ 4= » H 2 4 4c§] 4.2.9 #7771 -
CP Guard Period - T, i % Guard Interval duration » T, i # IFFT/FFT Period - *

OFDM # %8 B 7S 10100 & IFFT #7{8 5] o # 9 S0 % % %

S 100100 =1 ,-1,0,-1,0,-1,0,12,0,1,0,1,0,1,0,-1,
-1,0,-1,0,-1,0,1,0,-1,0,1,0,1,0,
0,1,0,2,0,2,0,1,0,-1,0,1,0,-1,
,1,0,1,0,-1,0,12,0,-1,0,1,0,-1,0,
,0,-1,0,1,0,1,0,-1,0,-1,0,-1,0,1,
,-1,0,-1,0,-1,0,-1,0,1,0,1,0,0,0,
0,-1,0,1,0,-1,0,1,0,1,0,1,0,1,
,1,0,1,0,12,0,1,0,-1,0,1,0,-1,0,
0, 0,1,0,1,0,-1,0,1,0,-1,0,-1,
-1 -1,0,-1,0,-1,0,-1,0,1,0,1,0,

0,1,0,1,0,1,0,-1,0,-1,0,-1,

-1,
!01
-1,

CP 128 l 128

B] 4.2.9 UL Preamble

¢ OFDM # Akt a B2 » % - B2 457 % Preamble 547 - i
(Normalization) * ,T* LA A YR TP TREAFE - a5 B J2 B A _H
4v 3dB ew & oo

Data Symbol : #f 3 & DATA @ = 2R & L GEEH I F 2 25
(Randomization) » £ i 2 16 % B %A > ¥ %A 0 R 45 (Interleaving) » 3 %
pe 5447 B (Modulation Mapping Process) - 4z #<i3 #5(Pilot Signal)3#& »~ ¥2 OFDM 3
¥ BETFAEEF AT o5 N BF UL B aE AR SR 5(Pilot Signal) o i~
B fepteni i 4 % 5-84~-60-36~-12~12 36~ 60 &7 84 o 4f iz HL- 4%

* BPSK # % » ~ ﬁ&{il o f Downlink # » i& N AR SRR BLaniE 2 d 54 (4.2.1)
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Cgs = C_g5 = Cop = Cgg =1-2W

(4.2.1)
Ce =C,, =C,p =Cy =2W, -1
A 2 Uplink ® > i~ BAR S LeniE B 4 d ;4(4.2.2) /42
C—84 = C—36 = ClZ = C36 = CGO = CS4 =1- 2Wk
(4.2.2)

Cg =Cypp =20, —1

i (4.21)2 (4.22)525 B REw, > H k& mi}u{av k # OFDM # ~ #7& 2 %

iE > T W R 4o %0 B Bl 4210 PRBS A 2 o

Initialization

Sequences UL 1 0 1 0 1. 0 1 0 1 0 1

|
\

® 4.2.10 PRBS 7

# 7 % PRBS %™ > Downlink p& e~ 4 5 51 £_11111111111 - 4p ¥f < > Uplink
¥ e 45 B 7 B §.10101010101 -
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