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8.1 Digital Audio Broadcasting (DAB)
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8.1.1 Introduction to DAB

= Current analog FM radio broadcasting system cannot satisfy

the demands of the future, which are
C excellent sound quality
G large number of stations
G small portable receivers

¢ no quality impairment due to multipath propagation or signal fading
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8.1.1 Introduction to DAB

= Current analog FM radio broadcasting systems have reached

the limits of technical improvement.

= DAB isadigital technology offering consider able advantages

over today's FM radio.
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8.1.1 Introduction to DAB

= Eureka project EU 147: DAB
( Launched at 1986
C First phase: 4 year plan (1987-1991) of research and devel opment
C Participants from Germany, France, Netherlands and United Kingdom

( Second phase (1992-1994, 170 man-years) :completion development of
Individual system specifications, development of ASICs, and
considerations of additional services

NCCU
6 Wireless Comm. Lab.



8.1.1 Introduction to DAB

= Ability todeliver CD-quality stereo sound.
= Ease of use of DAB receivers.

= Switch between the eight or more stationscarried by every

single multiplex.
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8.1.1 Introduction to DAB

= No need for driverstoretune asthey crossa country.
= Wider choice of programs.

= Each multiplex isableto carry up to six full-quality stereo
programs.
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8.1.1 Introduction to DAB

Firure 1: DAB Transmission
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8.1.1 Introduction to DAB

= DAB can carry text and images as well as sound.

= All but the smallest will be ableto display at |east two 16-
character lines of text.

= Selection by name or programmetype.

= Enabling broadcastersto transmit programme-associated
data (PAD) such asalbum title, song lyrics, or contact details.

= DAB can betransmitted at lower power than today's FM
and AM services without loss of coverage
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8.1.1 Introduction to DAB

= DAB combinestwo advanced digital technologiesto achieve
robust and spectrum-efficient transmission of high-quality
audio and other data.

= DAB usesthe MPEG Audio Layer |l system to achieve a
compression ratio of 7:1 without per ceptible loss of quality.

“ Thesignal isthen encoded at a bit rate of 8-384 kbit/s,

depending on the desired sound quality and the available
bandwidth.
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8.1.1 Introduction to DAB

= Signal isindividually error protected and labeled prior to
multiplexing. Independent data servicesare similarly
encoded.

# The Coded Orthogonal Freqguency Division Multiplex
(COFDM) technology isused for transmission.

= 2.3 million bits of the multiplexed signal in time and acr oss
1,536 distinct frequencies within the 1.5 MHz band.
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8.1.1 Introduction to DAB

= An conventional FM network must use different frequencies
In each area. In a DAB network, all transmittersoperateon a

single frequency.

= Such a Single Frequency Network (SFN) makes DAB's use of
theradio spectrum over threetimes more efficient than

conventional FM.

= DAB isdesigned for terrestrial, cable and for future satellite

broadcasts
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8.1.1 Introduction to DAB

# Technical characteristics
C freqguency range up to 20 kHz
(G 48 kHz sampling rate; 18-bit resolution
( 4 audio modes. mono, stereo, dual channel, and joint stereo
C bit rates from 32 kbit/s mono to 384 kbit/s ster eophonic programme
¢ audio frame 24 ms corresponding 1152 PCM audio samples
C digital 1/0 conform AES/EBU standard
G 2 kbit/s (bytes of data per frame) for Program Associated Data (PAD)

NCCU
Wireless Comm. Lab.
14



8.1.1 Introduction to DAB

= Transmission system
(- Radio signal isnormally distorted by
physical conditions
multipath propagation
C Interference can be avoided by using COFDM

G COFDM with error detection and correction providesa digital
transparent channel allowing transmission of a stereo program or any
other data.

G Programsaredivided into atotal of 1536 carrier frequencies
bandwidth 1.5 M hz.
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8.1.2 DAB System Overview

= Audio, control information, and digital data serviceare
multiplexed together to form OFDM signal on theair.

% Theaudio isencoded by MPEG Audio Layer 1.

= The control information isused to inter pret the configuration
of the Main Service Channel (M SC).
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8.1.2 DAB System Overview

= The control information istransmitted over the Fast
|nformation Channel (FIC), which ismade up of Fast
| nformation Block (FIB).

= Seethe block diagram shown below.
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8.1.2 DAB System Overview
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8.1.3 DAB Channd Coding

== Channel coding is based on a convolutional code with
constraint length 7.

<= Punctured convolutional coding allows Unequal Error
Protection (UEP).

& Several convolutional coded stream arethen combined and
mapped into OFDM symbols.
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8.1.3 DAB Channd Coding

= The mother code generates from the vector (a),_+ a codeword

| +5

{ (Xo,i y K i Xy X5 )}i:O
Xoi =& Da_,Da ,Pa ;Da
X =4 Da_ Da ,Da 3,8
Xi =4 Pa_,Da_, D A _g
X =4 @@—2@@—3@81—5@6‘1—6

for i=012,...,1+5
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8.1.3 DAB Channd Coding

= Puncturing procedure:. Some predefined coded bits generated

by the mother code are not transmitted.

& Thefirst 41 bitsaredivided into consecutive sub-blocks of 32

bits.

= Theith bit in each sub-block is process according to the

puncturing vector

Vp = (VPI 01V 110+ Vpy ,31)
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8.1.3 DAB Channd Coding

= For v, , = 0, thecorresponding bit shall be taken out of the
sub-block and shall not be transmitted.

= For Vg ; =1, thecorresponding bit shall beretrained in the
sub-block and shall be transmitted.

= Therearetotal 24 possible puncturing vectors so therate of
the punctured convolutional code variesfrom 8/9to ¥a.
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8.1.4 DAB Modulation

& Transmission frame structure

Synchronization

channel

Main Service Channel

Y

A

Y

Fast Information
Channel
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8.1.4 DAB Modulation

& Four transmission modes are defined

= Each transmission frameis divided into a sequence of OFDM

symbols.

“ Thefirst OFDM symbol of the transmission frame shall be
the Null symbol of duration TnuLL. Theremaining part is

OFDM symbolsof duration Ts.

25
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8.1.4 DAB Modulation

= Each OFDM symbol can be expressed as

s(t) = Re{ejz’ﬂct M

L K/2
y 7 Zm,l,kgk,l (t _ mTF _TNULL - (I _1)Ts)}

m=-w |=0 k=—K /2

with
0

1) = .
gk,l( ) {eJZﬂ'k(tA)/TU ReCt(t /TS) for | :1’2’___, L

L: Number of OFDM symbols per frame
K: Number of transmitted carriers

Tr: Transmission frame duration

Tnue: Null symbol duration

fc: Central frequency of the signa

forl =0

Tu: Inverse of the carrier spacing
A : Guard interval
Ts=Tu+ A : Duration of OFDM symbols

Zm) k. Complex D-QPSK symbol for carrier k
of OFDM symbol | during transmission f e
K. f
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8.1.4 DAB Modulation

Parameter | Transmission mode | | Transmission mode |l | Transmission mode |l | Transmission mode IV
L 76 76 153 7B
K 1536 384 192 768
TE 196608 T 45152 T 49152 T 98304 T
95 ms 24 ms 24 ms 48 ms
Trnn 2606 T G54 T 245 T 1328 7T
~1.29/ ms ~324 us =168 us ~648 s
Ts 2882 T G638 T 2187 1276 T
~71.246 ms =312 us =756 ns ~H2.3 1S
Ty 2048 T 52T 256 T 1024T
1 ms 250 us 125 s 20} s
A 204 7 126 1T 63T el |
=246 ii5 =62 jis =37 15 =723 s

Definition of the parametersfor transmission modes| 1,111, and V.
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8.1.4 DAB Modulation
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8.1.4 DAB Modulation

= Synchronization Channel: thefirst two OFDM symbols

= During thetimeinterval [0,TnuLL], the main signal s(t) shall
be equal to zero.

= The second OFDM symbol isthe phase reference symbol
defined by the value of zkfor =1

e for—K/2<k<0andO<k<K/2
“k 0 fork=0
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8.1.4 DAB Modulation

*Thevaluesof @« shall beobtained from the
following formulae

Py = %(h,k—k' + )

“ Thevalues of the parameter h, asafunction of
Indicesi and | are specified in the standard
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8.1.5 Channel for DAB OFDM System

= Assumethat thereare M stationsthat transmit synchronous
OFDM frame g(t).
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8.1.5 Channel for DAB OFDM System

= Thesignal from the station | propagatesto thereceiver. The
recelved signal from thejth station can be expressed as

r;(t) =s(t) =h,(t)

where* denotes the convolution and hj(t) isthe channel
Impulse response from station | to thereceiver.

= Theoverall received signal from all stations can be expressed

P r(t)=2r (1) =D s(t) *hy (1

= 5(t) *Zhj (1)
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8.1.5 Channel for DAB OFDM System

= Now we may definethe overall channel impulse response as
h(t) = ihj (t)

% Thereceved signaljzéan be expressed as
r(t) = s(t) *h(t)

= No inter-symbol interference (1Sl) if the spreading of h(t) is
lessthen the guard interval.
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8.1.6 Recalver for DAB OFDM System

= Tuning (frequency) accuracy required is5%.
= Robust frequency tracking isrequired.

= Fast channel and timing tracking to overcome therapidly
change condition.
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8.1.6 Recalver for DAB OFDM System

Antenna
RF

LQ OFDM Viterbi Audio DAC Audic
- ADC - Gen. | Dermnod. ™ Decoder ™| Decoder - Output
T Tuning * 3
DSP Micro
AFC - Computer

Block diagram of DAB recelver
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8.2 HDTV-Digital Video Broadcasting
(DVB)
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8.2.1 Introduction to DVB

< Audio and Video-centric
= Very largefilestransmission.

= Quality of serviceissues.
( Guaranteed bandwidth
G Jitter
G Delay
= Large, scalable audience
= Broadband downstream, narrowband up
= Satellite: DVB-S

& Terrestrial: ATSC, DVB-T

37
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8.2.1 Introduction to DVB

= European standard for transmission of digital TV via
satellite, cableor terrestrial
G DVB-S (satellite)
QPSK — Quadrature Phase-Shift Keying
G DVB-T (terrestrial)
COFDM — Coded Orthogonal Frequency Division Multiplexing

= MPEG-2 compression and transport stream
= Support for multiple, encrypted program stream.

38
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8.2.1 Introduction to DVB

LT3

DVR in the home
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8.2.1 Introduction to DVB

<= Digital Video Combines Traditional and I nteractive Content

and Applications

Traditional

»Film

»>TV

»Music
»Books
»Magazines
»Board games

| nter active

»Enhanced DVD
»Moviemusic

» | nteractive games
»Videophone

» Creating and
sharing

documents
» Online E-commer ce

40
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8.2.1 Introduction to DVB

Broadband Internet

Terrestrial
Sarellite Digital Wideo
Bigital Yides ™k nd Batacasting

and Datacast ing R

Cable

Ll T
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8.2.1 Introduction to DVB

Internet over the air

Delivery of web pages

12" dI eh rjj at 6-to 33 Mbitrz
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8.2.1 Introduction to DVB

Prototype System
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8.2.2 DVB System Overview

= MPEG-2 sour ce coding and multiplexing

= Quter coding (Reed-Solomon code)

= Quter interleaving (convolutional interleaving)
= |nner coding (punctured convolutional code)
= |nner interleaving

= Mapping and modulation (BPSK ,QPSK,16-QAM, 64-QAM)
= Transmission — Orthogonal Frequency Division Multiplexing

(OFDM)
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8.2.2 DVB System Overview

= Operate within existing VHF and UHF spectrum

C The system must provide sufficient protection against Co-Channel
Interference (CCI) and Adjacent-Channel Interference (ACI)

= OFDM with concatenated error correcting coding is being
specified.

= Flexible guard interval is specified

= Two mode of operations.

¢ 2K mode: suitable for single transmitter operation for small SFN networks.

(- 8K mode: used both for single transmitter operation and for small and large
SFN networks.

NCCU
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8.2.2 DVB System Overview

= Multi-level QAM modulation

= Different inner coderates (punctured convolutional code)

= MPEG stream is separated into
G High-priority stream
G Low-priority stream
# Unequal Error Protection (UEP)
G High-priority stream is high-level protected.
G Low-priority stream is low-level protected.

46
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8.2.2 DVB System Overview

<= Functional block diagram of the DVB transmitter
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8.2.3 Channel Coding and Modulation

= Transport multiplex adaptation and randomization
(scrambler)

InitializationSequence | 0 0 1 0 1 0 1 0 0 0 0 @ 0O 0
1123 4 5|6 |7 (8910 11| 12| 13| 14| 15
! 00000011, —*&
Randomized/de-randomized
Enable data output
Clear/randomized
data input

Data input (MSB first): 10111000xXxxXHAKK. . .
PRBS sequence: 00000011, ..

NCCU
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8.2.3 Channel Coding and M odulation

= Thetotal packet length of the MPEG-2 MUX packet is 188
bytes.

= The data of theinput MPEG-2 multiplex shall be randomized
with the above cir cuit.
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8.2.3 Channel Coding and Modulation

= QOuter coding and outer interleaving
(- RS (204,188) shortened code from RS (255,239) is adopted.

EYHC MPEG-3 WILTK dita
| byte T Eyie

a) MPEG-2 transport MUX packet

& Transport MUY packets

IS
*

e PRES periad = 1503 hytes r

il

Nk
il ;
o |Randessized Tha Remairized Diain Ild.uuﬂ.ml!hl o |Randosmined Mo
j SYMCL lﬂb}'lﬂ SYHC2 187 h:rll'I " EYNCE '|ﬂl'l]|"E||. EYMC] | |r”:ﬂ1” . t
143

b} Randomized transport packets: Sync bytes and Randomizned Data bytes

L 204 brtes N
* y

SYNCL o 187 bytes Bandomized Data | 16 Paet 8
SYNCn Ty by

) Reed-Solomon RS(204, 188 K) error protected packets

SWHNC FYNCI BYHC]
[= 4
j SYNCa 20 bytes SYWCn 208 Tytes S¥WCn E
d) Data structure after outer interleaving: interleaving depth [ = 12 hytes P .,ﬁ
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8.2.3 Channel Coding and Modulation

<= Convolutional interleaving
( Convolutional byte-wise interleaving with depth 1=12

17x11

173 E— 1
L0 =10
1 1 11=1-1 | 1=1-1
— 17x11 8 ol .
fa -

Sync byte alwavs passes through beanch ()
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8.2.3 Channel Coding and Modulation

= |nner coding
G Convolutional code of rate Y2 with 64 states.
¢ Generator polynomial Gi=171oct and G2=133ocT

Modulo-2 additi
0 “'H.\ . X Output (G, = 171 Octal)

=
YO = 133 Octal
Modulo-2 addition utput (G, )

L
NCCU
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8.2.3 Channel Coding and Modulation

& Punctured convolutional code

Inner Coder
. x turin .
- ) Convolutional Hring Inner
: Encoder |v m:]“ uﬂ:rtput ‘| Interleaver >

= Puncturing pattern and transmitted sequence after parallel-
to-serial conversion for the possible coderate

Code Ratas r Puncturing pattern Transmitted saquence
{after parallel-to-sarial conversion)

12 %1 P
o1
X 10 X ¥y ¥
Y11

4 .10 Xy ¥y Yo Xy

Y110

1] 10101 Il"r.‘f'E.‘-{j'f_l_:".r
¥ 11010 B

7a X 1&-'J'f."ifj 1 Ky ¥y Wa ¥y ¥y X W Xy
¥: 1111010 *

i
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8.2.3 Channel Coding and Modulation

= |nner interleaving
¢ Bit-wiseinterleaving followed by symbol interleaving .

G Both the bit-wise interleaving and the symbol interleaving processes
ar e block-based.

= Define a mapping (demultiplexing) of the input bits xdi onto
the output bits bedo

= | n non-hierar chical mode:

Xgi = b[di (mod)v](div)(v/ 2)+2[ di (mod)(v/2)],di (div)v

NCCU
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8.2.3 Channel Coding and Modulation

= | n non-hierarchical mode:

G High-priority input
X' .= 0. .
di di (mod)2,di (div)2
G Low-priority input

X 4= b[di (mod)(v—2)](div)((v—2) / 2)+2[ di (mod)((v—2) / 2)]+2,di (div)(v—2)

NCCU
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8.2.3 Channel Coding and Modulation
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8.2.3 Channel Coding and Modulation

. . i
= Hierarchical e L R otz comvey
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Bit 1 ]
modul ation mapping S e | "
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8.2.3 Channel Coding and Modulation

= Bit interleaver
C For each bit interleaver, the input bit vector isdefined by

B(e) — (be,O’ be,l’ be,2""’ be,125)

where erangesfrom Oto v-1.

(- Theinterleaved output vector
A(€) = (85.0s 8118 211 B 15)
Isdefined by
ae,w — be,He(w)

where He(W) is a permutation function which is different for each
Interleaver.

NCCU
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8.2.3 Channel Coding and Modulation

= Symbol interleaver

G Map v bit wordsonto the 1512 (2K mode) or 6048 (8K mode) active
carriersper OFDM symbal.

C To spread consecutive poor channelsinto random-like fading.

G Symbol interleaver address generation schemes are employed for the
symbol interleaver.

NCCU
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8.2.3 Channel Coding and Modulation

= Signal constellations and mapping
& OFDM transmission

G All datacarriesin one OFDM frame are modulated using either QPSK,
16-QAM, 64QAM, non-uniform 16-QAM or non-uniform 64-QAM.

G Thenon-uniform signal constellation provides Unequal Error
Protection (UEP).

NCCU
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8.2.3 Channel Coding and Modulation

= The QPSK, 16-QAM and 64-QAM mapping and the

corresponding bit patterns

Im{z} Convey ¥,

QPSK
Bit ardering:

Yoz ¥ig

Re{z} Convey y,,

Im{z} Convey ¥, ¥iq

&
. e 13 e . 16-QAM
1000 101 [y 0000
Bit ordering:

" .. | ® . Yog Hag Yog Yog
1001 1011 001l 0gnl

5 l l = Refz} Conveyy,.
3 K 11 3 {z} ¥ Yoo Yoy
. s -+ = ™~

110 1111 0111 0101

. s 17 » .

1100 1116 0110 0100

Tmrf oy Fafunig

& -0AM
» » L] L | L] - -
10030 1E0010 131810 131034 OOLODE CA1GL0 OOG0NE Q03002 1N ardering:
Tt Mg Py Fig Yy Mg
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L} L !
8.2.3 Channdl Codit 1J al \}d M odulation
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8.2.3 Channel Coding and Modulation

% OFDM framestructure
G Each frame hasduration T,
¢ Consists of 68 OFDM symbols
G Four frames constitute one super-frame

(- Each OFDM symbol contains K=6817 (8K mode) or K=1705 (2K mode)
carriers

G Theduration of each OFDM symbol isT; =T ,+4 where A4 isthe
guard interval and T, isthe useful part.

G Thesymbolsin an OFDM frame are numbered from 0to 67
( Scattered pilot cells (carrier)

G Continual pilot carriers

G TPScarriers
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8.2.3 Channel Coding and Modulation

= The pilot can be used for frame synchronization, frequency
synchronization, time synchronization, channel estimation,
transmission mode identification.

& Thecarriersareindexed by K €[K ;i K] whereK . =0
and K__,=1704 or 6816.

< Numerical valuesfor the OFDM parametersfor the 8K and
2K modesfor the 8M hz channels.

Parameter 8K mode 2K mode
Number of camiers K 6 817 1705
Value of carrier number K. 0 0
Value of carrier number K, 6 816 1704
Duration T (note 2) BO6 us 224 ps
Carrier spacing 1/T,; (note 1) {note 2) 1116 Hz 4 464 Hz
Spacing between carriers K, and K., (K-1)/T; (nole 2) 7,61 MHz 7,61 MHz

-
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8.2.3 Channel Coding and Modulation

= The emitted signal is described by the following
expression:

s(t) = Re{ejmcti Z Zma‘,xcm,l,k XYW mik (t)}

m=0 1=0 k=K

min

] Zﬂk—(t—A—I xTg—68xmxTy)

v ()=1€ Tu (1 +68xm)xTs<t<(l+68xm+1)xT,
0 else
k: carrier number
I: OFDM symbol number fc: central frequency of the RF signal
m: frame number K': K'=k-(Kipax - Kiin)/2
K: number of transmitted carriers Cm, . COMplex symbol for carrier k of
_ data symbol number | in frame number
T symbol duration m

T,: inverseof thecarrier spacing

A : Guard interval

NCCU

65 Wireless Comm. Lab.



8.2.3 Channel Coding and Modulation

= Duration of symbol part for the guard intervals for 8Mhz

channel
B Mode 8K mode ZK mode
Guard interval 174 1/8 1116 1132 1/4 118 1116 1132
A€ Ty,
Duration of symbol B192xT 2048 % T
part T 896 s (note) 224 ps (note)
E‘Juratlnnmguam 2048=«T 1024 =T |512=T 256 =T 512xT 256« T 128 % T 64 =T
interval A 224 us 112 us 56 s 28 us 56 s 28 ps 14 us 7 us
Symbal duration 10240 xT 9216 xT |B70MxT |[B448xT |2560xT (2304 =T |2176xT |2112xT
T5=.3+le 1120 us 1 008 ps 052 us 924 us 280 us 252 us 238 us 231 us
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8.2.3 Channel Coding and Modulation

= Reference signal

G Various cellswithin the OFDM frame are modulated with reference
Information whose transmitted valuesis known to therecever

G Thevalue of the pilot information isderived from a Pseudo Random
Binary Sequence (PRBS)

G Two kinds of pilots. scattered pilot and continual pilot

fdl -t - -hi i -1 -l -hi kil il
delay W delay M ey e el = delay P delay |.|-|.|:| 8 delay M delay ‘[ -\.Il.l.l:' e le s B Ll
i
PRES sequence starts: [TLLTTTTETIGEE.. .
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8.2.3 Channel Coding and Modulation

== L ocation of scattered pilot cells
< pilot ismodulated according to

Re{c,, } =4/3x2(1/2-w,)
Irn{('\’m.l.k} — O

Kin =0 Ky = 08101 5K

®000000000008000000 00000008000000000008
0080000000000 08000 - 00000Q0000e00CO0000e

@000008000000000008 . 0800000000000 800000® svimbol 67
@®000000008000000000 ::: 0000800000000 0C00800® symbo|
!GDDGDDGDOGEIGGGGGGnmDGOGGGG.DDDGUDDDDGDlenﬂh
900800000000 0008000 - 000000000080 000D0000e simbol 2
9000008000000 000008 0800000000000 800000® svimbol
#000000008000000000 - QO00e00C00000000800e

o boosted pilot
O data @
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8.2.3 Channel Coding and Modulation

<= L ocation of continual pilot carriers
<= Pilot iIsmodulated according to

Re{c,, .} =4/3x2(1/2-w,)
Irn{('\’m,l,k} — O

Continual pﬁl::-t carrier positions ﬁndu number kj
2K mada 8K moda
jOo 48 54 BF 141 156 1592 201 255 279 282 335 432 450 |0 48 54 8F 141 156 182 201 255 279 282 333 432 450
483 525 531 618 B35 T14 759 T65 TBO 804 873 BAS 918 483 525 531 818 636 714 752 7685 THO 804 873 BE&
239 942 962 984 1050 1101 1107 1110 1137 1140 1146 [918 932 942 969 984 1050 1101 1107 1110 1137 1140
12046 1269 1323 1377 1491 1883 1704 1146 1206 126% 1323 1377 1491 1883 1704 1752 1758
1791 1845 1860 189 1905 1859 19683 1986 2037 2136
2154 28T 2229 2235 2322 2340 2418 2463 2469 2484
2008 2ETT 2502 2622 2647 2646 26T 2688 2754 2805
2811 2814 2841 2844 2850 2090 2973 3027 3081 31595
3387 3408 3456 3462 3455 3549 35684 3800 1603 3663
JEBF 3690 3741 3840 3858 3891 3935 3559 4026 4044
4122 4167 4173 4188 4212 4281 4296 4328 4347 4350
4377 4302 4458 4505 4515 4518 4545 4548 4554 4614
4877 4731 4785 4699 5051 5112 5160 5166 5195 5253
L2668 5304 5313 5367 5391 53594 5445 5544 5562 5555
LEAT 5643 5730 5748 SR26 5871 SATT 5802 5016 5085
G000 B0G0 6051 2054 G0DE1 6096 6162 6213 8215 6222
G249 G252 6258 5318 6381 6435 6489 6803 6795 6B16
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8.2.3 Channel Coding and Modulation

= Transmission Parameter Signaling (TPS)
G TheTPScarriersare used for the purpose of signaling parameters

related to the transmission scheme.

G TheTPSistransmitted in parallel on 17 TPScarriersfor 2K mode

and on 68 carriersfor the 8K mode.

2K mode

BK. mode

34 50 209 346 413 569 595 688 790 901
1073 12159 1262 1286 1465 1594 1687

34 50 209 346 413 569 595 688 790 901 1073 1219 1262 1286 1469
1554 1687 1738 1754 1913 2050 2117 2273 2299 2392 2494 2605
ZTTT 2923 2966 2990 3173 3298 3381 3442 3458 3617 3754 3821
SR 4005 4096 41598 4309 4481 4627 4670 46894 4877 200 005
2146 9162 2321 S4o8 2525 2681 S507 S800 58902 601.3 6185 631

6374 6398 6581 6706 6799

NCCU
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8.2.3 Channel Coding and Modulation

= The TPScarriersconvey infor mation on:
(- a) Modulation of the QAM constellation pattern
G b) Hierarchy information
G c¢) Guard interval
G d) Inner coderate
(- e) 2K or 8K transmission mode
G f) Frame number in a super-frame
G g) Cdl identification.
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8.3 Wireless LAN Networks

12
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8.3.1 Introduction to Wireless LAN Networks

= |EEE 802.11 - Thefirst international standard for WLAN, 1997.
G Infrared (IR) baseband PHY (1M bps, 2M bps)
¢ Frequency hopping spread spectrum (FHSS) radio in 2.4GHz band (1M bps,
2Mbps)
G Direct sequence spread spectrum (DSSS) radio in the 2.4GHz band (1M bps,
2Mbps)
= |EEE 802.11a, 1999
G 5GHz band
G Orthogonal frequency divison multiplexing (OFDM)
G 6Mbpsto 54Mbps
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8.3.1 Introduction to Wireless LAN Networks

= | EEE 802.11¢
(¢ (802.11b + 80211a) operating at 2.4GHz band
G ERP-DSS/CCK: IEEE 802.11b-1999
G ERP-OFDM: IEEE 802.11a-1999
G PBCC (optional)
G CCK-OFDM (optional)
+ |EEE 802.11h/D2.2, September 2002
( Radar detection in 5GHz band
G Regulatory (ETSI EN 301 893 v.1.2.1)
¢ Power control

NCCU
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8.3.1 Introduction to Wireless LAN Networks

= Typical Wireless System

STATION (STA)

~

Baseband
-

Processor

Host [ MAC RF

ACCESS POINT (AP)

Baseband
| Processor | | :
RF bt MAC [ ] Host
Baseband Y
Host FH MAC 1 Processor [ RE Wired Network

WLAN Card

r"l\

F—
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8.3.2 Indoor Environment

= Delay Spread - refection of RF signal from wall, furniture, etc.

& Path loss

= |nterference - microwave oven, Bluetooth, cordless phone, etc.

& Statistic channel model for WLAN

76
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8.3.2 Indoor Environment

= Delay Spread

REFLECTOR

aon

RECEIVER

TRANSMITTER

TRAM E-MTITED F‘.E{:EI"-"E[J
CHAMNMEL
MODEL

HHHHEHHH [ " T

T4 13
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8.3.2 Indoor Environment

= Typical Measurement Results| - 1 m away from the
transmitter

15

; | V. ,
0 2 4 6 B8 10
Time (ns)

| m away from the transmitter

L‘“‘-:.-

Amplitude (Volts)
=

-
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8.3.2 Indoor Environment

= Typical Measurement Results|| - 10m, 8m, and 13.5m away
from the transmitter

u.ﬁ 1 T T L] T
__{.E L i i L 1
0 50 100 150 200 250 300

=
&

Amplitude (Volts)
=

0% S0 100 150 200 250 300
0.05. . : . : .
uf-———wwwb‘“ﬂ-‘*—-
|
0% "s0 100 _ 150 200 250 300
Time (ns)
U W.A:TOm, 8m, and 13.5m away from the transmitter
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8.3.2 Indoor Environment

= Computer model for indoor channels

ey stochastic 1 infor
?E_H:_!_ MM e |11 EEE
1D @ velocity
o dLrEl:tinFﬂ P
channel fluctuation
building types: ? ,
o factory environment L) __ f
o office building = B Bx
: / = -~
:-"..';': ':“"I Bier L::.!]T““r.'a% 3|

2 frequency
o filter bandwidth time variant & / "
a sampling rate channel Impulse response @L

R 8 t >
ﬁ 2 o configuration
% - @ patterns
1 @ arientation
frequency g8 . ¢ algorhm
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8.3.2 Indoor Environment
< Ray Tracing Simulation Result
RS B e
"* '. .'I[-.I‘ s vl I‘_’ -
( S LD
| :II.T"I v ) A I' ‘ﬁ_;i::- -:"_-.
) II.'I-I“JI',-.;._J‘l’i';‘ A ”! . 11' ey
.--.l1 I.-",{r. \ 3
i } I.\. % A
L v
25 WA
WA | &
- - -J \1‘\\ :
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8.3.3 Statistic Channel Model for WLAN

= This channel model was agreed to be a baseline model for
comparison of modulation methods.

= SiImple mathematical description and in the possibility to vary
the RM S delay spread.

= The channel isassumed static throughout the packet and
generated independently for each packet.
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8.3.3 Statistic Channel Model for WLAN

.4 e o
'“.'.' d Is R

g

T
l”n'i'-'

= Thereceved signal

K
rn = Z Xn—khk + Wn
k=0

where wn is the additive white Gaussian noise, xn isthe
transmitted signal and hk is the baseband complex impulse

response
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8.3.3 Statistic Channel Model for WLAN

= Channed Impulseresponse

magniiude
4

&

'Y
&

, | . o L. A
m .\[{L?Tf.] - N0, Trf. )
. 2 ETe /T :
or = ole RAIS
7 = 1— T/
K = k.= 10Tgys/1
1 -

| P

[0 time
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8.3.3 Statistic Channel Model for WLAN

= Typical Multipath Delay Spread

Enviroment Delay Spread
Home < 50 nsec
Office ~100 nsec

Manufacture floor

200-300 nsec
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8.3.3 Statistic Channel Model for WLAN
= Path loss
=40 ¥ | T T T ]
| - GEHz Band with stenuation factor 3.5
2.4GHz Band with attenuation facior 3.5

=50} j'.j_ .
) S
:11 _Eu_. i - .\, ..................................................................... -
5 o
.
5
‘:1 =Tok S B o b b T e e e S e A BB B T A A e =
5
| =
& _
% =BO| 2 i =
E =] =
o

b~ SN N T f -

1% 10 20 20 aiu % EI;I

Distance (m)
Pl
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8.3.4 802.11aWLAN Standard

= OFDM system with punctured convolutional code.
= 52 carrierswith 4 pilot tones.
= Daterate from 6Mbpsto 54Mbps

88
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8.3.4 802.11aWLAN Standard

= Rate dependent parameters

Coded bits Coded bits Data bits
:::rlll::iir;:: Modulation {.‘mjitrllfr e ﬁuhnlz:l:rr rier [J'L:E'lfr‘:;fﬂ pu;;:l‘;ll;‘lm

(Nppsc! (Nepps) (Npgps)
& BPsSK /2 | 44 24
O BPSK /4 | 44 RI§S
12 OPSK | /2 2 O 4%
! JPsK 34 2 U6 12
24 16-00AM | /2 4 192 06
RV 16-00AM A4 4 192 |44
u b Hd-0AM 213 §] 288 |92
54 Hd-0O0AM Ald (i} 288 216

&

i 5

89
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8.3.4 802.11aWLAN Standard

= Timing related parameters

Parameter Value
N¢p: Number of data subcarriers 45
Ngp: Number of pilot subcarriers 4
Ngp: Number ol subcarriers, total 52 (Ngp + Ngp)
Ap: Subcarrier Irequency spacing (.3125 MHz (=20 MHz/64)
Typp: IFFT/FET period 3.2 us (1/AR)
Terpampr s PLCP preamble duration 16 us (Tsyort + TLong)

Tqonar: Duration of the SIGNAL BPSK-OFDM symbol | 4.0 us (T + Tppp)

Tgp: GI duration 0.8 ws (Tppp/4)

Tgpo: Traming symbol GI duration 1.6 us (Tppp/2)
Tgyu: Symbol interval dus (T + Trpp)
Toyorr: Short training sequence duration Sus (10 % Ty 4

T oneg: Long training sequence duration Sus (T +2 % Tpp)

@

90
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8.3.4 802.11aWLAN Standard

&= Transmitter of 802.11a

DATA

BPSK
OPFsK
16-00AM
Bd-0 AN

Scrambler i

Convolutional
Encoder

-

Interleaver

Maodulation
Mapper

/

EPjTFFT

/

Guard Interval
Insertion

EFS—F DA

Pulse-
Shape
Filter

a1l
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8.3.4 802.11aWLAN Standard

= All the subframes of the signal are constructed as an inverse
Fourier transform of a set of coefficients, C, , with C, defined
as data, pilots, or training symboaols.

Ng /2

[sUBFRAME (t) = Wrq BFRAME (t) ch exp( J 27ZkAf )(t —T GUARD)

k:_NST/Z

Where w; (t) isatimewindow function defined by

-9
s P
sin LE{(}J+I, TTR}__..} (— TTR _«.::fe:TTR '2)
”'T(‘r} — J 1 {TTR M =t<T- TTR 2)
2,
sin (';{U.S—{r—T},:"TTR};} (T=T,p/2st<T+Tp5/2) “
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8.3.4 802.11aWLAN Standard

= Cyclic extension and window function (a) single reception and
(b) two receptions

> U= Tgr* T
 Tauar
=gy |
e —
R'.i'_l_-"'. ; ) :[."' (i)
™, |
- >
'II L ! T i
F= Tt 2 Tepy :
- »
TGuARD :
-+ L | it - I
) : ney (b)
? | .
_."I' {
e M,
-+ -
T T're
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8.3.4 802.11aWLAN Standard

= |mplemented by IFFT

Null

frequency- #2

domaininput  ~un
Null

#-26

o

H= H:

[ — =

26
e
37

38

62
63

IFET

63

time-domain

output
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8.3.4 802.11aWLAN Standard

= OFDM packet structure

B+8=16ps

[dF = 1.8 — & jis 12 TS
AT ra T TN
|

ly theg Uy tstg Uy tg 1y by GI2 I {JIIHIL-"\H[ {.I| Data | i.:El Drata 2

otk 20 sl e e Rl
-+ b 4 L

Signal Dretect Coarse Freg. Chonnel and Fine Fregueency KAl *w-..'| RVICT AT A [3ATA

AL Diversity Oilset Estimation O¥ffsct Estimation LENGTH

Selection Nming Synchronize -

== A short OFDM training symbol consists of 12 subcarriers, which
are modulated by the elements of the sequence S, given by

S 26,26 = V(13/6) % 10,0, 14j,0,0,0,-1—. 0,0, 0, 14}, 0,0, 0,-1-, 0,0, 0. -1, 0, 0, 0, 1+j, 0, 0, 0. 0,

0,0,0.=1-.0,0,0,=1-j. 0,0, 0, 14§, 0, 0, 0, 1+j, 0, 0, 0, 1+, 0, 0, 0, 1+j, 0,0!

= The short training signal shall be generated according

to Ngr /2
r (t) =w (t) S exp(]27KA ;)
SHORT TSHORT k:_% . f

NCCU
Wireless Comm. Lab.
95



8.3.4 802.11aWLAN Standard

= A long OFDM training symbol consists of 53 subcarriers
given by

Lo o=t L=l = L L=l L= L L L L =l =1 1 =1 1 =1, 111, 1,0,
D R U A D S R ) N e 0 T D e I I R e IR R A R

= The long training signal shall be generated according

to Nsr/2
Frovgtt) = Wrronglt) 2 Liexp(J2rkAg(t—=T4; ;)
k=—Ng /2

= Signal field - modulation with 6Mbps

RATE LENGTH SIGNAL TAIL

4 hits) (12 hits) {6 bits)
Rl R2 R3 R4| R|LSB MSB| P P07 =07 0" 0" 0" 0"
0|1]2]3 |4 5678 |9 10|12 i3 |14 |15 |16 1?||3||w|:u|:||:1l:;i

[ransmit Order
- T
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8.3.4 802.11aWLAN Standard

= Data field includes
G Servicefield - scrambler initialization
G PSDU - carry the data to be transmitted.

G Tail bit field - 6 bits of zero to return the convolutional encoder to zero

state.
¢ Pad bits (PAD) - zero bits.

& DATA scrambler and descrambler
G scrambler and descrambler use the same module.

[iwta In

A
| ! x7T x8 3 |<L ol G x‘g——%

Deserombled
Diata Chn
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8.3.4 802.11aWLAN Standard

& Convolutional encoder

(- DATA field should be coded with a convolutional encoder of coding
rate R = 1/2, 2/3, 3/4.

G Therate 2/3 and 3/4 codeis generated by puncturing therate 1/2
convolutional code with generator polynomial g,=133; and g, = 171,.

b ,l | = o *  Dutput Data A

: 'f P '

Input Data—= Ty, . M Iy P Iy # Ty Iy e
; | | |

. Qutput Data B

A
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8.3.4 802.11aWLAN Standard

= Puncturing Procedurefor rate 3/4 code

Punciured Coding (r= 3/4)

Sowurce Data .1"-:..1 X1l X,

w0
-
e
3
bt
£

Ay 3 i A | A7 %
Encoded Dats :
i A

Bit Stolen Daia

{sent/received dataj| '™

Stolen Bit

N

-
==
=]
—_—
P
-
ok
=
=
_
—_
i
=
—_
o
-

sl AqBg

Bit Inserted Data

/

: AN ESS;[nmmchhmnnpuh
- INMY B,

Decoded Data vo l v Iva | va | wa lys | ve | v7 | ve

NCCU
Wireless Comm. Lab.



8.3.4 802.11aWLAN Standard

= Puncturing Procedurefor rate 2/3 code

Punciured Coding (r= 2/3)

Source Data | X% | =
-"I.“ ‘. | "'-._1 "'l..g "'I-..l ."'I.:: s

Encoded Data 7 4 /" /// Stoelen Bl
3, 1, 3

Bit Stolen Data
[ sent/received data)

-

Ag|By | A Asl B

Bit Inserted Data

A .""-.-'. ) .
! "'"\‘ ::& Inserted Dummy Bit
B4 NRs

s

5

4 i
‘|z QL

Decoded Data Vo v | ¥a

¥4 | ¥5
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8.3.4 802.11aWLAN Standard

<= Data interleaving

C All encoded data bits shall beinterleaved by a block interleaver with
block size corresponding to the number of bitsin a single OFDM
symbol.

G Theinterleaver isdefined by a two-step per mutation.

G Thecoded bitsareinterleved in thetransmitter and deinterleaved in
thereceaver.

G The purpose of theinterleaver isto prevent long burst of errors.

NCCU
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8.3.4 802.11aWLAN Standard

= Subcarrier modulation mapping

G BPSK, QPSK, 16-QAM, or 64-QAM is employed depending on the
raterequired.

G Theinterleaved dateisgrouped into 1, 2, 4, or 6 bitsand mapped to
BPSK, QPSK, 16-QAM, or 64-QAM constellation points.
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8.3.4 802.11aWLAN Standard

<= Signal constellations - BPSK, QPSK, and 16-QAM

BPSK  Q}
1 o
il 1
" -
|
+
QPSK
0 bbby
] l | ]
. iT .
it i .
(0 | () |
[ ] I-- [ ]

16-QAM QA bbybs by
oo 10 o1 10 11 10 [0 10
[ ] » 5 L] L ]
00 11 01 1] 1111 1011
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8.3.4 802.11aWLAN Standard

64-QAM
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8.3.4 802.11aWLAN Standard

& OFDM modulation

(- The stream of complex number is divided into groups of 48
complex number.

CWe may write the complex number d, ,, which corresponds to
subcarrier k of OFDM symboal n.

{'Ir.':._.l.' = Hlllul L ]"L “ e 1.\"‘;!.,'”_ ] n- U.. \“"k‘l M I

G An OFDM symbol is defined as

Data Carriers
{ "'.'-e_'l'_;— /

" DATA. LAl = ¢y ”-:.'I E :."II:_ H-.:wil J2aMIE :-..‘sll._l.' = "I-e..,n' B
k=1
My T 3 |
o E 'r:.'; expl -'-"'-”I"I"'II-'I"_'I“}:'IE
-III - : | V\
5T . ] @
Pilot Carriers
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8.3.4 802.11aWLAN Standard

= Where M(K) maps from subcarrier number O to 47 into frequency
Index

k=26 0=k=4
k=25 5=k=17
k=24 18<sk=<23
k=2324=<k=29
k=22 30=sk=s42
k=2143 =k =47

M(k) =

= The contrivuuun vl uie pnut suvcarriers for the nth OFDM
symbol is produced by Fourier transform sequence P, given by

P 56 26= 10,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0, 0, 0,

0.0,0,0,0,0,1.0,0,0,0,0,0,0,0,0,0,0,0,0,-1,0,0,0,0, 0]

NCCU
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8.3.4 802.11aWLAN Standard

= The polarity of the pilot subcarriersis controlled by the sequence

Po a6 = AL, <Lel=1,0, =1-1-1-1, 1,111, -1-1.1,1, -1,1,1,-1, 1,
LI-LL LeL=L0, LL=L0, =1-1-00, =111, 1-1-1,1, 1,
S 0 R S R R S e s 6 T T S 6 S 16 O IR
0 T T 1 ey R O O

0 % DO I I A
LT, =110,

= Subcarrier frequency allocation

Li“ ‘.l | P 1] 'i.l-: Lt| '_'P T 'i.l | & '..l: ;[H. |.1: I ll‘lu P'.' 'i.l b L‘|_|_" P:! ‘.I 14 d_-_'_'
i i i :
| I 1 ]
- . L --w | - - - J - - . : - .
i i
: | | 1
I | f i |
_26 9] —7 ] 7 2 :';{1
Subcarrier Numbers
. \

NCCU
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8.3.4 802.11aWLAN Standard

& 802.11a Transmitter and Recelver structure

| FEC | [interieavinge Pl jppr | G [P Bymee >[5
Coder [ " |Mapping —\p{Addition-\p| shaping [¥| Mod

é HPA
FET Jﬁ"Demappinm FEC
_‘»?. Deintarleaving Decoder

| Q) ﬁb Remove
Det. &l

kY
[
Rx Lev. Det AFC
Clock Recovery

¥ v
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Wireless Comm. Lab.
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8.4 1 EEE 802.16

Broadband Wireless Access System
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8.4.1 Introduction to | EEE 802.16

= BWASIsthe broadband wireless technology used to deliver
voice, data, | nternet, and video servicein the 25-GHz and

higher spectrum.

110
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8.4.1 Introduction to | EEE 802.16

& BWAS Scenario

SOHO
i customer

SJE] [3: Residential
K !customer
- :._-' .

Multi-tenant
customers

Core
network \
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8.4.1 Introduction to | EEE 802.16

= |EEE 802.16 Wireless MAN Background
(G Target: FBWA (Fixed Broadband Wireless Access)
C Fast local connection to networ k
G Project Development since 1998

802.11 Drives Demand for 802.16

= Wireless broadband key to fast
deployment of hotspots wherg
wilrgline not avallable

= WLANs within the home ar EHH’_IPIISE 0211
business increase appetite for WLANS

broadband access

lf
i \ -
|_-.J - ‘:.‘— J
45 ~ Pas,
y w SMALL BUSINESS

$02.11 WLANS
B e
o E .
BOCZ.11 HOTSPOTS:
RESIBENTIAL AND HOME Cakes, Campuses
OFFICE BOZ 11 WLANs Hotels, Alrparts
£iony entions
Cenlers, ...
. 3
NCCU
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8.4.1 Introduction to | EEE 802.16

= Point-to-Multipoint WirelessMAN: not a LAN
(~Base Station (BS) connected to public networks
(-BS serves Subscriber Station (SSs)
SStypically servesa building
Provide SSwith accessto public network.
= Compared to WirelessLAN
G Multimedia QoS not only contention-based
GMany more users
(Much higher datarates
(Much longer distances

113
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8.4.1 Introduction to | EEE 802.16

= Properties of 802.16

(G Broad BW: up to 134 Mbpsin 28 MHz wide channel (10-
66 GHZz)

G Support simultaneous multiple services with full QoS
|Pv4, IPv6, ATM, Ethernet, etc.

G BW on demand (per frame)

GMAC designed for efficient spectrum use

(& Comprehensive, modern and extensible security

G Support multiple frequency allocation from 2-66 GHz
OFDM & OFDMA for NLOS applications

NCCU
Wireless Comm. Lab.
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8.4.1 Introduction to | EEE 802.16

= TDD & FDD
GLink Adaptation: Adaptive modulation & coding
Per subscriber, per burst, per up-/down- link
G Point-to-multipoint topology, with mesh extensions
(- Support for adaptive antennas and space-time coding
(- Extensions to mobility

NCCU
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8.4.1 Introduction to | EEE 802.16

& 802.16 Bit Rate and Channel Size

Channel | Symbol | QPSK | 16- 64-
Width |Rate bit rate | QAM QAM
(MHz) | (Msym/ |(Mbps) |bitrate |bitrate
20 5 32 g4lbps) | gebps)
25 20 40 80 120

28 22.4 44.8 89.6 134.4
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8.4.1 Introduction to | EEE 802.16

= 802.16 Link Adaptation Scenario

Adaptive PHY

Base Staton

(burst-by-burst adaptivity not shown)

’ ,
NCCU
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8.4.2 Introduction to Physical L ayer of 802.16

= Physical Layer of 802.16

G OFDM (WMAN-OFDM Air Interface):
256-FFT w/ TDMA (TDD/FDD)

GOFDMA (WMAN-OFDMA Air Interface) :

2048-FFT w/ OFDMA (TDD/FDD)

G Single-Carrier (WMAN-SCa Air Interface):

TDMA (TDD/FDD)
BPSK, QPSK , 4/16/64/256-QAM

118
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8.4.2 Introduction to Physical L ayer of 802.16

= OFDM time-domain symbol description
(G Useful symbol time To
G Cyclic Prefix Tg
G Symbol TimeTs=Tb + Ts

y T~
e W am -
T, T,
TH’
ik - -

NCCU
119 Wireless Comm. Lab.



8.4.2 Introduction to Physical L ayer of 802.16

< OFDM frequency domain
G Datacarriers
C Pilot carriers
G Null carriers

=ubchannel | Subchannel 2 D carmer Subchannel 3

ATETATEORT Cpr

- - -
"\-..‘l sand Band Channe] Caard 11.'||]|.|,.,-!

NCCU
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8.4.2 Introduction to Physical L ayer of 802.16

= The Transmitted signal at the antenna

| “e?  aareT
s(t) =Reje®™ ' ¢
K= Ny /2

[ = time, elapsed since the beginning of the subject OFDM symbol, with 0 < 7 < TS'

¢ = acomplex number: the data to be transmitted on the carrier whose frequency offset index is £,

during the subject OFDM symbol. It specifies a point in a QAM constellation.

Tg = guard time

TS = OFDM symbol duration, including guard time

Af = carrier frequency spacing

NCCU
Wireless Comm. Lab.
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8.4.2 Introduction to Physical L ayer of 802.16

= Four typesof forward error correction (FEC)
( Code Type 1. Reed-Solomon Code only

G Code Type 2: Reed-Solomon Code + Block convolutional code

C Code Type 3. Reed-Solomon + Parity check
(- Code Type4: Block Turbo code

Coile Type

Oter Ciodie

Inner Code

Kecd-Solomon over Gk 256)

Mo

Recd-Solomon over ib(236)

(24, 161 Block convolutional code

A (O ptional )

Recd-Solomon over Gib(256)

(5.5 Parity check code

L Optional §

Block Turbo Code
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8.4.2 Introduction to Physical L ayer of 802.16

& QFDM Carrier Allocations

Farameter Value
Mumber of de carmers |
Mumber of Guard Camers, Lot | Tt
Mumber of Guard Camiers, Bight 175
Vs ea » Number of Used Carriers | 646
Tatal Mumiber of Carriers TR
I".'--.u [Lara: P i fanin L
Mumber of Fixed-location Pilots [ alb
M umiber of Varable-Location Pilets which ]
coimncide with Fixed- Location Pilots
lotal Mumber of Pilots (%) [ falb
Mumiber of data carners |56
swhchanmels L
"‘-.m'-.-..-u . 48
Mumber of duta carriers per subchannel 44

BasicFisedLocationPilols

5002738497 within cach subchannel
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8.4.2 Introduction to Physical L ayer of 802.16

& Transmit diversity — space time coding

) Subchannel I [FFT Input% ; [FFT || Filter DAC RE g

Modulation Packing Tx
Diversity

Encoder yﬂ
% [FFT |—gp] Filtorf—gm DAC gl RF
\X\ BS

I N lter Diversity Sub- Log-
RE | ADC g Filterfgmd FFT Combiner channel [~ likelihood p—mdecoder
Demod. Ratios

SS

NCCU
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8.4.2 Introduction to Physical L ayer of 802.16

= STC encoding

¢ Transmits 2 complex symbols s0 and s1, using the M1SO
channel (2 Tx, one Rx) twice with channel vector values hO
(for antenna 0) and h1l (for antenna 1).

G First channel use: AntO transmits o, Antl transmit S
C Second channel use: AntOtransmit s , antenna ltransmit —s
G Thereceiver get the benefit of the 2" order diversity

NCCU
Wireless Comm. Lab.
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8.4.2 Introduction to Physical L ayer of 802.16

= STC Usage with OFDM

Antenna U

| Antenna |

—J-
| | . frequency
."3“ = |:_"-|:I_| .\”_2 '\I:I_'h aun ” i | \ 0. .Fi":l I Hl = l:'\'l. | .\l_z \I..-'t s "ll_H I \l_."."':l
0— ; "0 0840844000000 80008008400 O Q0 R ¢ 0
I— ' 0 GO ol 0 | ...l...... 9890705008888
_Hl_l :l_'ﬁl | —."\-l 2.'- —."-l _'llll.."." | _I,I..l‘. I \'| | = ':'\l | 'HI:I_E.. ""[:l__'-'.'- - I H I Y ..’."-.. J'I
.‘\.'2 I _k,;
2— S 0000004001 0BT SOSON | 0O O 0 O Q 0
| |
.S,
- ‘ _.\l.'-:' .. I -""'-1- =
— ' O o Qoean o I 28800800440 048460 080087 0004H

Symbol
Time

pilot carrier ]

o null carrier

[
modulated data (even symbol)

modulated data (odd symbol)
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8.4.2 Introduction to Physical L ayer of 802.16

= Concatenated Reed-Solomon / convolutional code (RS-CC)

*RS code is derived from (255,239) RS code that can
correct up to 8 symbol errors.

*The RS encoded block is then encoded by a
convolutional code of rate Y2 with generator polynomial

L — i
G, = 17

G, = 1335¢7 FOR Y

ocT FOR X

eConvolutiona encoder

NCCU
Wireless Comm. Lab.
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8.4.2 Introduction to Physical L ayer of 802.16

= Concatenated Reed-Solomon / convolutional code (RS-CC)

(RS code is derived from (255,239) RS code that can correct up
to 8 symbol errors.

(The RS encoded block is then encoded by a convolutional
code of rate %2 with generator polynomial

L — i
G, = 17

G, = 1335¢7 FOR =

ocT FOR X

% Convolutiona encoder

NCCU
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8.4.2 Introduction to Physical L ayer of 802.16

= Puncturing Pattern

Code Rates

Rate 2/3 3/4 5/6
direc 6 5 4
X 10 101 10101
Y I 1 110 11010
XY 1Y X3 4Xs

129
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8.4.2 Introduction to Physical L ayer of 802.16

= Channel Coding and Modulation

‘ l'nu:(}tl_:.:tl Overall '[.'(}i.ll.‘.[! Block o -
Modulation | Block Size Codine Rate Size RS Code | CC Code Rate
{Bytes) = (Bytes)
QPSK |8 12 36 (24,18,3) 2/3
QPSK 26 ~3/4 36 (30.26.2) 516
16 QAM 36 1/2 72 (48,36.6) 2/3
16 QAM 34 3/4 72 (60.54.3) 5/6
64 QAM 72 2/3 108 (81.72.4) 3/4
64 QAM 82 ~3/4 108 (90,82.4) 3/6
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8.4.2 Introduction to Physical L ayer of 802.16

= Block Turbo codes
(- Based on the product of two component codes.
¢ Binary extended Hamming code or parity check code

Component code (n.k) Code tvpe
(64,57 Extended Hamming Code
(32.26) Extended Hamming Code
(16,11} Extended Hammung Code
(32.31) Parity Check Code
(16.15) Parity Check Code
(8.7) Parity Check Code

NCCU
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8.4.2 Introduction to Physical L ayer of 802.16

= The component codes are used in atwo dimensional

matrix form

C kx Information bits are encoded into nx bits by using (nx,kx)

block code.

C After encoding the rows, the columns are encoded using a
(ny,ky) block code, where the check bits of thefirst code are

also encoded.
A

-

-

Inform

ation Bils

Checks

Checks

. ek =

(H1
i |I|.'|.'|\. b

A
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8.4.2 Introduction to Physical L ayer of 802.16

& Convolutional turbo code
C Circular Recursive Systematic Convolutional
G Theturbo code encoder

B

Constituent C "|'|

CTC i—" —_—
(5] JERCATN (5] | C» |.|IIL|:|.|IIT'I.\'__'L -n.l-1

Interleaver

=i

-
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8.4.2 Introduction to Physical L ayer of 802.16

= Convolutional turbo code channel coding and modulation

Data Coded Overall
Modulation | Block Size | BlockSize Code N Py P P, P
(Bytes) (Bytes) Rate
QPSK I8 36 1/2 72 11 § 0 §
QPSK 24 36 2, 06 7 458 24 72
QPSK 27 36 3/4 108 11 54 56 2
16 QAM 36 72 1/2 144 17 74 72 2
16 QAM 54 72 3/4 216 31 2 4 10}
64 QAM 72 108 2, 288 13 |44 72 216
04 QAM 31 [ O 3/4 324 [ 172 164 16

134

NCCU

Wireless Comm. Lab.




