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12
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64 (subcarrier) 802.11a
20MHz (subcarrier spacing) 20MHz + 64 = 312.5KHz
subcarrier spacing OFDM (symbol
period) 802.11a OFDM
(frequency offset) ICl(Intercarrier Interference)
(frequency selective
fading)
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64 IFFT 64  subcarrier

64 subcarrier 6 5 (virtual
carrier) (guard band) DC
64-5-6-1=52 52
4 pilot 802.11a 48
1
48
BPSK QPSK 16-QAM 64-QAM convolutional encoder
coding rate 6 ~ 54 Mbits/s 802.11a
6 12 24Mbits/s
2
Paransder Valwe
Megy Mumber of dala subearriers d%
Mg Mumber of pilkil subcarmoen 4
Mep: Mumber ol subcarmiers, tolal 5 Moy + Mgl
Ay Subcamier frequency spacing 03125 Mz (=20 MHz 6}
Tyt IFFTFFT period 32 1A
Trreasiss PLEP preamble dumlon 16 g3 | ¥ gy + | o)

Tappenr: Dursstion of the SIGNAL BPSK-OFDM symbol | 4.0 s (T + Tygepd

Tyt Gl durstion 08 e (1 jepeh)
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T Liong tralning sequence dusatkon Byis T+ 2 2 Tyl
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Coded bits | Coded bits Data bits
Mbitgyy | Modulation | COCGE e 1 rrier | symbol | " symbol
(Ngpsc) (Ncgps) (Npges)

6 BPSK 112 1 48 24

9 BPSK 3/4 1 48 36

12 QPSK 112 2 96 48

18 QPSK 3/4 2 9% 72

24 16-QAM 112 4 192 96

36 16-QAM 3/4 4 192 144

48 64-QAM 2/3 6 288 192

54 64-QAM 3/4 6 288 216

2.802.11a
5 I|EEE 802.11a Frame [2]
(O
PHY PHY
0O 1 PHY
RF
PHY MAC layer (Medium Access Control Layer)
PHY
MAC PHY
MAC PHY
MAC PHY
IEEE 802.11a PHY

(2). PMD system function

PMD (physical medium dependent) system
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(transceiver)

(2). PHY convergence function

OFDM

physical layer convergence procedure (PLCP)

|EEE 802.11
) frame

OFDM PMD system

PLCP PLCP

5-1 |EEE 802.11a frame for mat

802.11a

PSDU MAC

802.11

"frame format”
frame format

(2). PLCP Preamble
(2). Signal Field

(3). DataField

16

PHY service data units (PSDU ;

frame

MAC PMD

802.11a

(PSDU)

802.11a
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| PLCF Header |

=t Ll
I |
RATE | Reserved| LENGTH| Pariy | Tail | SERVICE . Tail |4
4 bats | it [ 12bits | Ibit | & l1|1.~=_ 6 bats PEIN | & bits Pad Bin
i - Coded OFDM Coded O T I
~ , (BPSK,r=1/2) (RATE is indicated in SIGNAL) |
| - =i |
PLCF Preamblie SIGHAL IDATA
12 Symbals Cine OFDM Svmbol Wariahle Mumber of OFDM Symbaols
14. 802.11aframe format
PLCP
preamble
Signal field PL CP header PL CP header
MAC PMD PL CP header

LENGTH (12  bity RATE(4 bits) Reservedbit(1 bit) Parity
bit(1 bit) Tail bit(6 bits SERVICE (16 bits)

SERVICE PLCP header Signal field
OFDM symbol SERVICE bits Signal field SERVICE
DATA field 14
Datafield SERVICE (16 bits) Tail (6 bits) Pad bits PSDU (
)
5-2 Preamble
OFDM 802.11a (frequency
offset)
(oscillator)
mobile (Doppler Effect) OFDM
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ICl 802.11a

OFDM
802.11a training sequence
training sequence
preamble preamble
Training sequence 802.11a training
sequence short sequence 10
symbol 10 symbol burst mode frame synchronization
(coarse synchronization)
long sequence 2 symbol long
seguence (channel estimation) (fine
synchronization) 15 802.11a frame 10 short

2 long sequence

Be 8= 1hps

L
10w =1 s | PuOE I w3 =Hlus P8 =80 = iE+1 -I'II-\.I IE+31E=40us

o . 4
i1 15T T T 1y T T e — ———— ]~
Tay ds g 1yt g 0y g 1 b G2 1 T I Gl SIGNAL |G Dena 1§ G Data 2

1 | T N T T | 1 } ik }
4 L L * 4 4

l'"!-':':'l Cetext Cemrae Frzg Chiaring] and Fing Freyuency RATE SFRVICE + ThATA ATA

AL, Dhwersiny il | ':|'.IIIIJ||I'|| CHset Estimation LENGGTH

Selegtusi Taming Synchionisg

15. 802.11atraining sequence  frame

short sequence (frequency
estimation) long sequence
symbol
+UT short sequence
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foot =L 1 + 1 = 1£625 KHz
2-Tgon 2-800 ns

long sequence
1 1
flcmg == == = +156 .25 KHz
2 Tong 2-3.2us
802.11a  subcarrier spacing ~ 312.5KHz short
seguence 2 subcarrier spacing long sequence

0.5 subcarrier spacing

5-2.1 Short preamble

Short training sequence 10 symbol
802.11a 64 IFFT 64 QAM mapping
64  subcarrier 802.11a 11 virtua carrier
(guard band) 53 subcarrier
short sequence 53  subcarrier IFFT S26.26

.56, 26 =V(1376) x {0, 0, 14, 0, 0,0, -1, 0, 0,0, 14, 0,0,0,~1j, 0,0,0, -1, 0, 0,0, 14, 0,0,0, 0,

0,0,0,-1-,0,0,0,~1-,0,0,0, 14,0, 0,0, 14, 0, 0,0, 14, 0,0,0, 14, 0,0}

826,26 13/6 OFDM (average
power) (normalize) IFFT
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Ngr /2

(siorr (0) = Wrgiorr (1) D S eXp(j27KAL)

k:_NSTIZ
W(t) window function IFFT 4
symbol symbol 16 IFFT CP
IFFT 5 short sequence symbol
short sequence IFFT 10  short symbol
IFFT 3.2 sec CP VAIFFT
5-2.2 Long preamble
Long training sequence short sequence Long
seguence 2 long symbol 1.6y sec  guard
interval (Gl2) short sequence Ss26 long sequence L2626
Logae=iLL-L-LLL-LL-LLLLLLL-L-1L1LL-L1-111110,
L-L-L 1 1,-1L L= L=l -L - -1,-L, L 1,-1,-L -1, 1,-1, 1,1, 1, 1]
IFFT
Ngr /2
lone () =Wrione (1) D Ly eXP(j27KAL(t = Tgy,))
k:_NSTIZ
long sequence 2 IFFT CP
4 IFFT long sequence  CP
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IFFT OFDM symbol  1/4
16p sec CP 2 long symbol long sequence
IEEE 802.11a Standard  Annex G
5-2.3802.11a IFFT
OFDM IFFT subcarrier QAM  mapping
802.11a subcarrier
QAM mapping 802.11a IFFT subcarrier
QAM mapping 16
Null —{ 0 0 —
gl —— 1 -
b —1 2 2 L
926 — 2 EFT 20—
mtt“ 27 27 Time Domain Qutputs
Null —— 37 37 ———
#26 —— 38 38—
#2 — 62 62 —
#1 — 63 63 —
16.802.11a IFFT
Null 0+0] QAM symbol
subcarrier DC 802.11a
27 37 11  subcarrier 802.11a (guard
band) 64  subcarrier 5 guard band
(channdl) DC  subcarrier
52  subcarrier 52
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4 pilot (channel estimation)

48  subcarrier 17 802.11a
subcarrier
-32-31-30-29-28-27-26-5-24 2 1012 2425 26272829 3
cl II ) ‘): 1 ) ) ‘): ¥ 1 |
— T
-+ 4
6 virtud carier 5 virtud carier
17. 802.11a
" DC " 802.11a standard

"To avoid difficulties in D/A and A/D converter offsets and

carrier feed through in the RF system, the subcarrier falling at DC (0™ subcarrier) is
not used.”

short long sequence IFFT
802.11a IFFT
5-3 Signal field
signal field  signal field MAC PMD
PLCPheader PLCPheader signal field LENGTH RATE Reserved
bit Parity bit Tail bit SERVICE bit
18
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KAll LEMGTH SIGMAL TAIL
{4 bitg) (12 hies) (% hiis)

Rl K2 B3 R4| K| LsB MSB| PP e =0 =0 o0 =
:Ill lJ ]' 41516 |'|' |J-C o I:Illllll 1314 |I'i |'.|"- 17|18 1w 2 12 |Z:|:1

Transmit Oirder

-
18. Signal field  bit
5-3.1 Datarate (RATE)
802.11a 6 9 12 18 24 36
48 54Mbits/sec MAC PHY
RATE PHY
RATE 4  bits 31
RATE
Rate (Mbits/s) R1-R4
i) 1101
9 1111
12 0101
18 0111
24 1001
36 1011
48 0001
54 0011
3-1. RATE field
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5-3.2 PLCPlength field (LENGTH)

802.11a 5-1 802.11aframe
PSDU PLCPlength field (LENGTH) 12 bits
PSDU PHY MAC LENGTH
PSDU
5-3.3 Parity (P), Reserved (R), Signal tail (SIGNAL TAIL)
signal field 24 hits Bit4( 5 bit) reserved bit bit
default "0
Parity (P) Bit 17 ( 18 hit) 16 bits even parity
check bit
SIGNAL TAIL  hbits18 23 6 hits "0
convolutional encoder (states) 0

5-3.4 SIGNAL field

signa field MAC PHY 24
bits bits 802.11a signal
field BPSK convolutional encoder coderate 1/2

Signal field convolutional encoding interleaving
BPSK mapping pilotinsertion OFDM modulation 19 signal field
(Signal field OFDM symbol 24 hits)
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24 Singal field
bits

v

Convolutional

Encoding 48 bits

(R=1/2)

Interlevaing 48 hits
BPSK Mapping 48 symbol

v

Pilot Insertion
(4 pilot)

Y

OFDM
Modulation
(64 points)

'

Add CP
(16 points)

'

Windowing

52 symbol

19. Signal Field

5-4 Data field

Datafield PLCP header  service field (SERVICE)
PSDU TAIL bits PAD bits
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5-4.1 Servicefield (SERVICE)

IEEE 802.11 SERVICE field 16 hits 20 BitsO 6
"0” descrambler

9 hits default

Scrambler Initialization  Reserved SERVICE Bits R: Reserved

Tt TR R RRRERRRRR

0‘1 3‘4‘5‘5 ?‘S‘Q‘IQ‘I]‘IE 14‘15

2 13
Transmit Order
-
20. SERVICE field  bit
5-4.2 PPDU tail bit field (TAIL)
TAIL 6 bits 6 bhits "0” convolutional
encoder 6 (register ) 0"
convolutiona decoder
5-4.3 Pad bits (PAD)
Datafield bit OFDM symbol
PSDU TAIL bits bit
PAD bits PAD bits 802.11a standard  Annex G
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