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PLCP format, Data Rates, OFDM, Modulations, … 
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•  IEEE 802.11a: Transmit and Receive Procedure 
•  802.11a Modulations 

– BPSK Performance Analysis 

•  Convolutional Encoder and Viterbi Performance 
•  OFDM in 802.11a 

– 802.11a Channels and Timing Parameters 

•  802.11a PLCP Preamble and Header Format 
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•  IEEE Standard 802.11a-1999--High-speed 
Physical Layer Extension in the 5 GHz Band:  

•  Frequency range: 5.15-5.25, 5.25-5.35, and 
5.725-5.825 GHz. 

•  Orthogonal Frequency Division Multiplexing 
(OFDM). 

•  Data payload communication capability: 6, 9, 
12, 18, 24, 36, 48, and 54 Mbps. 
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• dm= I +Q j 
•  The output value is also normalized: 

 dm= (I +Q j) / KMOD 
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Channel Model: AWGN 



•  Received Signal (y): 
Ø y=s1+n when bit 1 transmitted 
Ø y=s0+n when bit 0 is transmitted  

•  The conditional probability distribution 
function (PDF) of y for the two cases are 
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Correct Detection: 

y > 0 è s1 

 

y< 0 è s0 



•  The probability of error if “1” is transmitted 

•  Probability of bit error 
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•  Use the industry-standard generator polynomials,  
–  g0 = 1338 and g1 = 1718, of rate R = 1/2, 

(first output) 

(second output) 
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•  To omit some of the encoded bits in the transmitter 
–  Thus reducing the number of transmitted bits and increasing the coding 

rate 
–  Inserting a dummy“zero”metric into the convolutional decoder on the 

receive side 
–  Decoding by the Viterbi algorithm is recommended. 
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The upper bound probability of error: 

The union bound Pu of the first-event error probability is given by: 
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Pd	
  is	
  the	
  probability	
  that	
  an	
  incorrect	
  path	
  at	
  distance	
  d	
  from	
  the	
  
correct	
  path	
  is	
  chosen	
  by	
  the	
  Viterbi	
  decoder: 

ρ: the bit error probability for the physical modulation 
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•  Orthogonal frequency division multiplexing 
(OFDM) has very good ISI mitigation property 

•  Splits the high bit rate stream into many lower 
bit rate streams 

•  Each stream being sent using an independent 
carrier frequency 
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•  8 independent channels in 5.15GHz-5.35GHz 
•  4 independent channels in 5.725-5.825GHz	
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The maximum of one subcarrier frequency appears exactly  
at a frequency where all other subcarriers equal zero. 
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PLCP Header 

Coded/OFDM 
(BPSK, r =1/2) 

PPDU 

RATE 
4 bits 

Length 
12 bits 

Parity 
1 bit 

SERVICE 
16 bits 

Tail 
6 bits 

Pad Bits 

PLCP Preamble 
12 Training Symbols 

SIGNAL 
One OFDM Symbol 

DATA 
Variable Number of OFDM Symbols 

Reserved 
1 bit 

Tail 
6 bits 

PSDU 

Coded/OFDM 
(RATE is indicated in SIGNAL) 

6Mbps 

24 bits 
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Preamble field contains  
–  10 short training sequence 

•  used for AGC convergence, diversity selection, timing acquisition, 
and coarse frequency acquisition in the receiver  

–  2 long training sequence 
•  used for channel estimation and fine frequency acquisition in the 

receiver 

–  And a guard interval (GI) 

PPDU 

RATE 
4 bits 

Length 
12 bits 

Parity 
1 bit 

SERVICE 
16 bits 

Tail 
6 bits Pad Bits 

PLCP Preamble 
12 Training Symbols 

SIGNAL 
One OFDM Symbol 

DATA 
Variable Number of OFDM Symbols 

Reserved 
1 bit 

Tail 
6 bits 

PSDU 
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PLCP Preamble 
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•  Data Rates (determined from TXVECTOR) 
–  1101 : 6Mbps (M) 
–  1111 : 9Mbps 
–  0101 : 12Mbps (M)  
–  0111 : 18Mbps 
–  1001 : 24Mbps (M) 
–  1011 : 36Mbps 
–  0001 : 48Mbps 
–  0011 : 54Mbps  

PPDU 

RATE 
4 bits 

Length 
12 bits 

Parity 
1 bit 

SERVICE 
16 bits 

Tail 
6 bits Pad Bits 

PLCP Preamble 
12 Training Symbols 

SIGNAL 
One OFDM Symbol 

DATA 
Variable Number of OFDM Symbols 

Reserved 
1 bit 

Tail 
6 bits 

PSDU 
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•  The PLCP LENGTH field shall be an unsigned 12-bit 
integer that indicates the number of octets in the PSDU 
that the MAC is currently requesting the PHY to transmit 
 

•  Used by the PHY to determine the number of octet 
transfers that will occur between the MAC and the PHY 
after receiving a request to start transmission 

PPDU 

RATE 
4 bits 

Length 
12 bits 

Parity 
1 bit 

SERVICE 
16 bits 

Tail 
6 bits Pad Bits 

PLCP Preamble 
12 Training Symbols 

SIGNAL 
One OFDM Symbol 

DATA 
Variable Number of OFDM Symbols 

Reserved 
1 bit 

Tail 
6 bits 

PSDU 
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•  6 ‘zero’ bit 
•  To make the length of SIGNAL field to be 24 bits (for 

the NDBPS=24 in 6Mbps mode)   
•  To facilitate a reliable and timely detection of the RATE 

and LENGTH fields 

PPDU 

RATE 
4 bits 

Length 
12 bits 

Parity 
1 bit 

SERVICE 
16 bits 

Tail 
6 bits Pad Bits 

PLCP Preamble 
12 Training Symbols 

SIGNAL 
One OFDM Symbol 

DATA 
Variable Number of OFDM Symbols 

Reserved 
1 bit 

Tail 
6 bits 

PSDU 

24 bits 
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PPDU 

RATE 
4 bits 

Length 
12 bits 

Parity 
1 bit 

Tail 
6 bits Pad Bits 

PLCP Preamble 
12 Training Symbols 

SIGNAL 
One OFDM Symbol 

DATA 
Variable Number of OFDM Symbols 

Reserved 
1 bit 

Tail 
6 bits 

PSDU SERVICE 
16 bits 
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•  Append 6 non-scrambled tail bits for PSDU to return 
the convolutional code to the “zero state” 

•  Add pad bits (with “zero” and at least 6 bits) such 
that the length of DATA field is a multiple of NDBPS 

PPDU 

RATE 
4 bits 

Length 
12 bits 

Parity 
1 bit 

Tail 
6 bits Pad Bits 

PLCP Preamble 
12 Training Symbols 

SIGNAL 
One OFDM Symbol 

DATA 
Variable Number of OFDM Symbols 

Reserved 
1 bit 

Tail 
6 bits 

PSDU SERVICE 
16 bits 
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1.  Encode data string with convolutional encoder (include punctured coding) 
2.  Divide encoded bit string into groups of NCBPS bits 
3.  Within each group, perform data interleaving 
4.  For each of the groups, convert bit string group into a complex number 

according to the modulation tables (see slides 7-10) 
5.  Divide the complex number string into groups of 48 complex numbers, each 

such group will be associated with one OFDM symbol 
•  map to subcarriers –26~-22, -20~-8, -6~-1, 1~6, 8~20, 22~26 
•  4 subcarriers –21, -7, 7, 21 are used for pilot 
•  subcarrier 0 is useless 

6.  Convert subcarriers to time domain using inverse Fast Fourier transform (IFFT) 
7.  Append OFDM symbols after SINGNAL and un-convert to RF freq. 
  

PPDU 

RATE 
4 bits 

Length 
12 bits 

Parity 
1 bit 

Tail 
6 bits Pad Bits 

PLCP Preamble 
12 Training Symbols 

SIGNAL 
One OFDM Symbol 

DATA 
Variable Number of OFDM Symbols 

Reserved 
1 bit 

Tail 
6 bits 

PSDU SERVICE 
16 bits 
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