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Annex K
 (informative)

An example of encoding a frame for OFDM PHY When the PIB attribute phyOFDMInterleaving is one.
K.1 Introduction

The purpose of this annex is to show an example of encoding a frame for the OFDM PHY, as described in

16.2. This example covers all the encoding details defined by this standard.

The encoding illustration goes through the following stages:

a) Generating the short training sequence section of the preamble;

b) Generating the long preamble sequence section of the preamble;

c) Generating the OFDM Header and the corresponding HCS;

d) Setting the six tail bits to zeros;

e) Encoding the Header with a convolutional encoder and puncturing;

f) The PSDU from the MAC should already contain an FCS, which is assumed to be four bytes here.  Six tail bits and PAD bits are appended to form the data field.

g) Scrambling the data field;

h) Resetting the six tail bits back to zeros;

i) Encoding the data with a convolutional encoder and puncturing;

j) Interleaving the data field;

k) Mapping into complex symbols;

l) Frequency Spreading;

m) Concatenating the preamble, the OFDM header and the data field;

n) Pilot, guard and DC tone insertion;

o) Transforming from frequency to time domain using the IFFT and adding a circular prefix;

p) Concatenating the OFDM symbols into a single, time-domain signal.

In the description of time domain waveforms, a complex baseband signal at 666.666 ksample/s is used. This example uses the 400 kbps data rate (QPSK  ½ rate modulation), which corresponds to OFDM Option 2 and MCS level 3, and a message of 72 octets. The OFDM Header uses the 50 kbps data rate (BPSK 1/2 rate coded with 4x frequency repetition), which corresponds to MCS level 0.

K.2 The Message

The message being encoded is the same one than the one used in 802.11-2007 annex G. It consists of the first 72 characters of the well-known “Ode to Joy” by F. Schiller:

Joy, bright spark of divinity,

Daughter of Elysium,

Fire-insired we tread

Thy sanctuary.

Thy magic power re-unites

All that custom has divided,

All men become brothers

Under the sway of thy gentle wings…

The message is converted to ASCII and a CRC32 is added as defined in 5.2.1.9.
Note: the MAC header will not be included. It is assumed to be part of the message in this annex.

The resulting 76 octets PSDU is shown in Table K.1.

Table K.1 – The message

	Octet #
	Value (Hex)
	Octet #
	Value (Hex)
	Octet #
	Value (Hex)
	Octet #
	Value (Hex)

	1
	4A
	21
	20
	41
	6F
	61
	69

	2
	6F
	22
	64
	42
	66
	62
	72

	3
	79
	23
	69
	43
	20
	63
	65

	4
	2C
	24
	76
	44
	45
	64
	64

	5
	20
	25
	69
	45
	6C
	65
	20

	6
	62
	26
	6E
	46
	79
	66
	77

	7
	72
	27
	69
	47
	73
	67
	65

	8
	69
	28
	74
	48
	69
	68
	20

	9
	67
	29
	79
	49
	75
	69
	74

	10
	68
	30
	2C
	50
	6D
	70
	72

	11
	74
	31
	A
	51
	2C
	71
	65

	12
	20
	32
	44
	52
	A
	72
	61

	13
	73
	33
	61
	53
	46
	73
	42

	14
	70
	34
	75
	54
	69
	74
	E2

	15
	61
	35
	67
	55
	72
	75
	94

	16
	72
	36
	68
	56
	65
	76
	C0

	17
	6B
	37
	74
	57
	2D
	
	

	18
	20
	38
	65
	58
	69
	
	

	19
	6F
	39
	72
	59
	6E
	
	

	20
	66
	40
	20
	60
	73
	
	


K.3 Generation of the OFDM Header

K.3.1 HCS and PAD bits insertion
In this example the payload data has a size of 76 octets and it will be encoded using QPSK modulation, ½ rate coding (Rate field value = 3). The scrambler index will be the first one (Scrambler ID = 0). 

The corresponding OFDM Header, including the HCS is represented in table K.2

Table K.2 – OFDM Header
	Field Name
	Bit #
	Bit Value
	
	Field Name
	Bit #
	Bit Value

	Rate
	1
	0
	
	Scrambler
	20
	0

	　
	2
	0
	
	　
	21
	0

	　
	3
	0
	
	RFU
	22
	0

	　
	4
	1
	
	HCS
	23
	1

	　
	5
	1
	
	　
	24
	1

	RFU
	6
	0
	
	　
	25
	1

	Length
	7
	0
	
	　
	26
	1

	　
	8
	0
	
	　
	27
	1

	　
	9
	0
	
	　
	28
	1

	　
	10
	0
	
	　
	29
	0

	　
	11
	1
	
	　
	30
	1

	　
	12
	0
	
	Tail
	31
	0

	　
	13
	0
	
	　
	32
	0

	　
	14
	1
	
	　
	33
	0

	　
	15
	1
	
	　
	34
	0

	　
	16
	0
	
	　
	35
	0

	　
	17
	0
	
	　
	36
	0

	RFU
	18
	0
	
	Pad
	37
	0

	　
	19
	0
	
	　
	38
	0

	
	
	
	
	　
	39
	0

	
	
	
	
	　
	40
	0

	
	
	
	
	　
	41
	0

	
	
	
	
	　
	42
	0

	
	
	
	
	　
	43
	0

	
	
	
	
	　
	44
	0

	
	
	
	
	　
	45
	0

	
	
	
	
	　
	46
	0

	
	
	
	
	　
	47
	0

	
	
	
	
	　
	48
	0


In this configuration, 12 of PAD bits are necessary. The size of the header will fill up exactly 8 OFDM symbols.
K.3.2 Convolutional Encoding

After convolutional encoding of the OFDM header, the size is now doubled and the corresponding bits are represented in table K.3. No puncturing is applied in this configuration.
Table K.3 – OFDM Header after convolutional encoding
	Bit #
	Bit Value
	Bit #
	Bit Value
	Bit #
	Bit Value
	Bit #
	Bit Value

	1
	0
	25
	1
	49
	0
	73
	0

	2
	0
	26
	1
	50
	1
	74
	0

	3
	0
	27
	0
	51
	1
	75
	0

	4
	0
	28
	0
	52
	0
	76
	0

	5
	0
	29
	1
	53
	1
	77
	0

	6
	0
	30
	0
	54
	0
	78
	0

	7
	1
	31
	0
	55
	0
	79
	0

	8
	1
	32
	0
	56
	0
	80
	0

	9
	1
	33
	1
	57
	0
	81
	0

	10
	0
	34
	1
	58
	0
	82
	0

	11
	1
	35
	1
	59
	1
	83
	0

	12
	0
	36
	1
	60
	0
	84
	0

	13
	0
	37
	1
	61
	1
	85
	0

	14
	0
	38
	0
	62
	1
	86
	0

	15
	1
	39
	0
	63
	1
	87
	0

	16
	1
	40
	1
	64
	0
	88
	0

	17
	1
	41
	1
	65
	1
	89
	0

	18
	0
	42
	1
	66
	0
	90
	0

	19
	0
	43
	0
	67
	1
	91
	0

	20
	1
	44
	0
	68
	1
	92
	0

	21
	0
	45
	1
	69
	1
	93
	0

	22
	0
	46
	1
	70
	0
	94
	0

	23
	0
	47
	1
	71
	1
	95
	0

	24
	1
	48
	0
	72
	1
	96
	0


K.3.3 Interleaving

The formula defined in 16.2.3.5 will lead to an interleaving. In this case, Ncbps is defined as 48 and Nrow  is 3. The corresponding bits are represented in table K.4. 
Table K.4 – OFDM Header after Interleaving

	Bit #
	Bit Value
	Bit #
	Bit Value
	Bit #
	Bit Value
	Bit #
	Bit Value

	1
	0
	25
	1
	49
	0
	73
	0

	2
	1
	26
	1
	50
	1
	74
	0

	3
	1
	27
	1
	51
	0
	75
	0

	4
	0
	28
	0
	52
	1
	76
	0

	5
	0
	29
	1
	53
	0
	77
	0

	6
	1
	30
	1
	54
	0
	78
	0

	7
	0
	31
	1
	55
	1
	79
	1

	8
	0
	32
	0
	56
	1
	80
	0

	9
	1
	33
	0
	57
	0
	81
	0

	10
	0
	34
	0
	58
	0
	82
	0

	11
	1
	35
	0
	59
	1
	83
	0

	12
	1
	36
	0
	60
	0
	84
	0

	13
	0
	37
	0
	61
	1
	85
	1

	14
	0
	38
	1
	62
	1
	86
	0

	15
	1
	39
	1
	63
	0
	87
	0

	16
	0
	40
	0
	64
	0
	88
	1

	17
	0
	41
	0
	65
	0
	89
	0

	18
	0
	42
	1
	66
	0
	90
	0

	19
	1
	43
	1
	67
	0
	91
	1

	20
	0
	44
	0
	68
	1
	92
	0

	21
	0
	45
	1
	69
	0
	93
	0

	22
	1
	46
	1
	70
	0
	94
	0

	23
	1
	47
	0
	71
	1
	95
	0

	24
	1
	48
	0
	72
	0
	96
	0


K.3.4 Bit mapping

The 96 bits are split into 8 OFDM symbols. The bit mapping for the OFDM header in this example is BPSK, therefore Q is always 0. The I value is mapped as defined in Table K.5..
	Table K.5 – Bit mapping for the OFDM Header
　
	Symbol 1
	Symbol 2
	Symbol 3
	Symbol 4
	Symbol 5
	Symbol 6
	Symbol 7
	Symbol 8

	　
	I
	Q
	I
	Q
	I
	Q
	I
	Q
	I
	Q
	I
	Q
	I
	Q
	I
	Q

	1
	-1
	0
	-1
	0
	1
	0
	-1
	0
	-1
	0
	1
	0
	-1
	0
	1
	0

	2
	1
	0
	-1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	-1
	0
	-1
	0

	3
	1
	0
	1
	0
	1
	0
	1
	0
	-1
	0
	-1
	0
	-1
	0
	-1
	0

	4
	-1
	0
	-1
	0
	-1
	0
	-1
	0
	1
	0
	-1
	0
	-1
	0
	1
	0

	5
	-1
	0
	-1
	0
	1
	0
	-1
	0
	-1
	0
	-1
	0
	-1
	0
	-1
	0

	6
	1
	0
	-1
	0
	1
	0
	1
	0
	-1
	0
	-1
	0
	-1
	0
	-1
	0

	7
	-1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	-1
	0
	1
	0
	1
	0

	8
	-1
	0
	-1
	0
	-1
	0
	-1
	0
	1
	0
	1
	0
	-1
	0
	-1
	0

	9
	1
	0
	-1
	0
	-1
	0
	1
	0
	-1
	0
	-1
	0
	-1
	0
	-1
	0

	10
	-1
	0
	1
	0
	-1
	0
	1
	0
	-1
	0
	-1
	0
	-1
	0
	-1
	0

	11
	1
	0
	1
	0
	-1
	0
	-1
	0
	1
	0
	1
	0
	-1
	0
	-1
	0

	12
	1
	0
	1
	0
	-1
	0
	-1
	0
	-1
	0
	-1
	0
	-1
	0
	-1
	0


K.3.5 Frequency Spreading

In this example, a frequency spreading of 4 is applied to the OFDM header. The original 12 bits in each symbol (Bin # 25 through 36 in table K.6) are duplicated within the same symbol. The resulting symbols have 48 data bits each. The duplicated bits have a phase rotation as defined in 16.2.3.6.

Table K.6 –OFDM Header in the frequency domain
	　
	Symbol 1
	Symbol 2
	Symbol 3
	Symbol 4
	Symbol 5
	Symbol 6
	Symbol 7
	Symbol 8

	　
	I
	Q
	I
	Q
	I
	Q
	I
	Q
	I
	Q
	I
	Q
	I
	Q
	I
	Q

	1
	0
	-1
	0
	-1
	0
	1
	0
	-1
	0
	-1
	0
	1
	0
	-1
	0
	1

	2
	0
	-1
	0
	1
	0
	-1
	0
	-1
	0
	-1
	0
	-1
	0
	1
	0
	1

	3
	0
	1
	0
	1
	0
	1
	0
	1
	0
	-1
	0
	-1
	0
	-1
	0
	-1

	4
	0
	1
	0
	1
	0
	1
	0
	1
	0
	-1
	0
	1
	0
	1
	0
	-1

	5
	0
	-1
	0
	-1
	0
	1
	0
	-1
	0
	-1
	0
	-1
	0
	-1
	0
	-1

	6
	0
	-1
	0
	1
	0
	-1
	0
	-1
	0
	1
	0
	1
	0
	1
	0
	1

	7
	0
	-1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	-1
	0
	1
	0
	1

	8
	0
	1
	0
	1
	0
	1
	0
	1
	0
	-1
	0
	-1
	0
	1
	0
	1

	9
	0
	1
	0
	-1
	0
	-1
	0
	1
	0
	-1
	0
	-1
	0
	-1
	0
	-1

	10
	0
	1
	0
	-1
	0
	1
	0
	-1
	0
	1
	0
	1
	0
	1
	0
	1

	11
	0
	1
	0
	1
	0
	-1
	0
	-1
	0
	1
	0
	1
	0
	-1
	0
	-1

	12
	0
	-1
	0
	-1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	13
	1
	0
	1
	0
	-1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	-1
	0

	14
	0
	1
	0
	-1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	-1
	0
	-1

	15
	1
	0
	1
	0
	1
	0
	1
	0
	-1
	0
	1
	0
	-1
	0
	-1
	0

	16
	0
	1
	0
	1
	0
	1
	0
	1
	0
	-1
	0
	1
	0
	1
	0
	-1

	17
	1
	0
	1
	0
	-1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0

	18
	0
	1
	0
	-1
	0
	1
	0
	1
	0
	-1
	0
	-1
	0
	-1
	0
	-1

	19
	-1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0

	20
	0
	1
	0
	1
	0
	1
	0
	1
	0
	-1
	0
	-1
	0
	1
	0
	1

	21
	-1
	0
	1
	0
	1
	0
	-1
	0
	1
	0
	1
	0
	1
	0
	1
	0

	22
	0
	-1
	0
	1
	0
	-1
	0
	1
	0
	-1
	0
	-1
	0
	-1
	0
	-1

	23
	1
	0
	1
	0
	-1
	0
	-1
	0
	1
	0
	1
	0
	-1
	0
	-1
	0

	24
	0
	-1
	0
	-1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	25
	-1
	0
	-1
	0
	1
	0
	-1
	0
	-1
	0
	1
	0
	-1
	0
	1
	0

	26
	1
	0
	-1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	-1
	0
	-1
	0

	27
	1
	0
	1
	0
	1
	0
	1
	0
	-1
	0
	1
	0
	-1
	0
	-1
	0

	28
	-1
	0
	-1
	0
	-1
	0
	-1
	0
	1
	0
	1
	0
	-1
	0
	1
	0

	29
	-1
	0
	-1
	0
	1
	0
	-1
	0
	-1
	0
	1
	0
	-1
	0
	-1
	0

	30
	1
	0
	-1
	0
	1
	0
	1
	0
	-1
	0
	1
	0
	-1
	0
	-1
	0

	31
	-1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0

	32
	-1
	0
	-1
	0
	-1
	0
	-1
	0
	1
	0
	1
	0
	-1
	0
	-1
	0

	33
	1
	0
	-1
	0
	-1
	0
	1
	0
	-1
	0
	1
	0
	-1
	0
	-1
	0

	34
	-1
	0
	1
	0
	-1
	0
	1
	0
	-1
	0
	1
	0
	-1
	0
	-1
	0

	35
	1
	0
	1
	0
	-1
	0
	-1
	0
	1
	0
	1
	0
	-1
	0
	-1
	0

	36
	1
	0
	1
	0
	-1
	0
	-1
	0
	-1
	0
	1
	0
	-1
	0
	-1
	0

	37
	-1
	0
	-1
	0
	1
	0
	-1
	0
	-1
	0
	1
	0
	-1
	0
	1
	0

	38
	0
	1
	0
	-1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	-1
	0
	-1

	39
	-1
	0
	-1
	0
	-1
	0
	-1
	0
	1
	0
	1
	0
	1
	0
	1
	0

	40
	0
	1
	0
	1
	0
	1
	0
	1
	0
	-1
	0
	1
	0
	1
	0
	-1

	41
	-1
	0
	-1
	0
	1
	0
	-1
	0
	-1
	0
	1
	0
	-1
	0
	-1
	0

	42
	0
	1
	0
	-1
	0
	1
	0
	1
	0
	-1
	0
	-1
	0
	-1
	0
	-1

	43
	1
	0
	-1
	0
	-1
	0
	-1
	0
	-1
	0
	1
	0
	-1
	0
	-1
	0

	44
	0
	1
	0
	1
	0
	1
	0
	1
	0
	-1
	0
	-1
	0
	1
	0
	1

	45
	1
	0
	-1
	0
	-1
	0
	1
	0
	-1
	0
	1
	0
	-1
	0
	-1
	0

	46
	0
	-1
	0
	1
	0
	-1
	0
	1
	0
	-1
	0
	-1
	0
	-1
	0
	-1

	47
	-1
	0
	-1
	0
	1
	0
	1
	0
	-1
	0
	1
	0
	1
	0
	1
	0

	48
	0
	-1
	0
	-1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1


K.4 Generation of the data Symbols

K.4.1 PAD Insertion and Data Scrambling

The original 76 octets of data, as defined in table K.1, are concatenated with 6 zero tail bits and 10 pad bits (as calculated by the formulas in 16.2.3.10). The six tail bits are forced to 0 after scrambling. The resulting 624 bits are represented in table K.7 (First and last 48 bits only).

Table K.7 – First and last 48 bits after pad insertion and scrambling
	Bit #
	Bit Value
	Bit #
	Bit Value
	Bit #
	Bit Value
	Bit #
	Bit Value

	1
	1
	25
	1
	577
	1
	601
	0

	2
	0
	26
	0
	578
	0
	602
	1

	3
	1
	27
	0
	579
	1
	603
	1

	4
	0
	28
	0
	580
	0
	604
	1

	5
	1
	29
	0
	581
	1
	605
	1

	6
	1
	30
	0
	582
	0
	606
	1

	7
	0
	31
	1
	583
	0
	607
	1

	8
	0
	32
	1
	584
	0
	608
	0

	9
	0
	33
	0
	585
	1
	609
	0

	10
	1
	34
	0
	586
	0
	610
	0

	11
	1
	35
	0
	587
	1
	611
	0

	12
	1
	36
	0
	588
	1
	612
	0

	13
	1
	37
	0
	589
	0
	613
	0

	14
	1
	38
	1
	590
	0
	614
	0

	15
	0
	39
	0
	591
	1
	615
	0

	16
	1
	40
	1
	592
	0
	616
	0

	17
	0
	41
	1
	593
	1
	617
	0

	18
	1
	42
	0
	594
	0
	618
	0

	19
	0
	43
	1
	595
	1
	619
	0

	20
	1
	44
	0
	596
	1
	620
	1

	21
	0
	45
	1
	597
	1
	621
	1

	22
	0
	46
	1
	598
	1
	622
	0

	23
	1
	47
	0
	599
	1
	623
	1

	24
	0
	48
	0
	600
	0
	624
	1


K.4.2 Convolutional Encoding and puncturing

After convolutional encoding of the payload, the size is now doubled and the corresponding bits are represented in table K.8. No puncturing is applied in this configuration.

Table K.8 – First and last 48 bits after convolutional encoding
	Bit #
	Bit Value
	Bit #
	Bit Value
	Bit #
	Bit Value
	Bit #
	Bit Value

	1
	1
	25
	1
	1201
	0
	1225
	1

	2
	1
	26
	0
	1202
	1
	1226
	1

	3
	0
	27
	1
	1203
	0
	1227
	0

	4
	1
	28
	0
	1204
	1
	1228
	0

	5
	0
	29
	1
	1205
	1
	1229
	0

	6
	0
	30
	1
	1206
	1
	1230
	0

	7
	1
	31
	1
	1207
	0
	1231
	0

	8
	0
	32
	0
	1208
	0
	1232
	0

	9
	0
	33
	1
	1209
	0
	1233
	0

	10
	0
	34
	1
	1210
	1
	1234
	0

	11
	1
	35
	0
	1211
	1
	1235
	0

	12
	1
	36
	1
	1212
	0
	1236
	0

	13
	0
	37
	1
	1213
	0
	1237
	0

	14
	1
	38
	1
	1214
	0
	1238
	0

	15
	1
	39
	1
	1215
	0
	1239
	1

	16
	0
	40
	1
	1216
	0
	1240
	1

	17
	0
	41
	0
	1217
	0
	1241
	1

	18
	0
	42
	0
	1218
	1
	1242
	0

	19
	0
	43
	0
	1219
	1
	1243
	1

	20
	1
	44
	0
	1220
	0
	1244
	0

	21
	1
	45
	1
	1221
	0
	1245
	1

	22
	1
	46
	0
	1222
	1
	1246
	1

	23
	1
	47
	1
	1223
	0
	1247
	0

	24
	0
	48
	0
	1224
	1
	1248
	1


K.4.3 Interleaving

A two-step interleaver is applied to the data, as defined in 16.2.3.5. In this case, Ncbps is defined as 96 and Nrow  is 12. The resulting data (first and last 48 bits only) is represented in table K.9.

Table K.9 – First and last 48 bits after interleaving
	Bit #
	Bit Value
	Bit #
	Bit Value
	Bit #
	Bit Value
	Bit #
	Bit Value

	1
	1
	25
	0
	1201
	1
	1225
	1

	2
	0
	26
	1
	1202
	0
	1226
	0

	3
	0
	27
	0
	1203
	1
	1227
	0

	4
	1
	28
	1
	1204
	1
	1228
	1

	5
	1
	29
	0
	1205
	0
	1229
	1

	6
	0
	30
	0
	1206
	0
	1230
	1

	7
	1
	31
	0
	1207
	1
	1231
	0

	8
	1
	32
	1
	1208
	0
	1232
	0

	9
	1
	33
	0
	1209
	0
	1233
	0

	10
	0
	34
	0
	1210
	0
	1234
	0

	11
	0
	35
	1
	1211
	0
	1235
	1

	12
	1
	36
	0
	1212
	1
	1236
	0

	13
	1
	37
	1
	1213
	1
	1237
	0

	14
	0
	38
	1
	1214
	0
	1238
	1

	15
	0
	39
	1
	1215
	1
	1239
	1

	16
	0
	40
	0
	1216
	1
	1240
	1

	17
	1
	41
	1
	1217
	0
	1241
	1

	18
	0
	42
	0
	1218
	1
	1242
	1

	19
	0
	43
	1
	1219
	1
	1243
	0

	20
	1
	44
	0
	1220
	0
	1244
	0

	21
	0
	45
	0
	1221
	1
	1245
	1

	22
	1
	46
	0
	1222
	0
	1246
	0

	23
	1
	47
	0
	1223
	0
	1247
	1

	24
	0
	48
	0
	1224
	1
	1248
	1


K.4.4 Bit mapping

The bit mapping for the OFDM header in this example is QPSK (two data bits per vector). The I and Q vectors are mapped as defined in figure 129. The resulting data is represented in table K.10 (first two and last two symbols). 
Table K.10 – Bit mapping for the OFDM payload
	Vector #
	I
	Q
	Vector #
	I
	Q
	Vector #
	I
	Q
	Vector #
	I
	Q

	1
	0.707
	-0.707
	49
	-0.707
	-0.707
	529
	-0.707
	0.707
	577
	0.707
	-0.707

	2
	-0.707
	0.707
	50
	0.707
	-0.707
	530
	0.707
	-0.707
	578
	-0.707
	0.707

	3
	0.707
	-0.707
	51
	0.707
	0.707
	531
	-0.707
	0.707
	579
	-0.707
	0.707

	4
	0.707
	0.707
	52
	-0.707
	-0.707
	532
	0.707
	0.707
	580
	-0.707
	-0.707

	5
	0.707
	-0.707
	53
	-0.707
	-0.707
	533
	0.707
	-0.707
	581
	-0.707
	0.707

	6
	-0.707
	0.707
	54
	0.707
	-0.707
	534
	0.707
	0.707
	582
	-0.707
	0.707

	7
	0.707
	-0.707
	55
	-0.707
	0.707
	535
	-0.707
	0.707
	583
	0.707
	-0.707

	8
	-0.707
	-0.707
	56
	0.707
	-0.707
	536
	-0.707
	0.707
	584
	-0.707
	-0.707

	9
	0.707
	-0.707
	57
	0.707
	0.707
	537
	0.707
	-0.707
	585
	0.707
	-0.707

	10
	-0.707
	0.707
	58
	0.707
	-0.707
	538
	0.707
	-0.707
	586
	0.707
	0.707

	11
	-0.707
	0.707
	59
	-0.707
	-0.707
	539
	0.707
	-0.707
	587
	0.707
	0.707

	12
	0.707
	-0.707
	60
	-0.707
	-0.707
	540
	-0.707
	-0.707
	588
	-0.707
	-0.707

	13
	-0.707
	0.707
	61
	-0.707
	0.707
	541
	0.707
	0.707
	589
	0.707
	-0.707

	14
	-0.707
	0.707
	62
	-0.707
	0.707
	542
	0.707
	0.707
	590
	0.707
	0.707

	15
	-0.707
	-0.707
	63
	0.707
	0.707
	543
	0.707
	0.707
	591
	-0.707
	-0.707

	16
	-0.707
	0.707
	64
	0.707
	-0.707
	544
	0.707
	-0.707
	592
	-0.707
	0.707

	17
	-0.707
	-0.707
	65
	0.707
	0.707
	545
	0.707
	0.707
	593
	0.707
	-0.707

	18
	0.707
	-0.707
	66
	-0.707
	-0.707
	546
	0.707
	-0.707
	594
	-0.707
	0.707

	19
	0.707
	0.707
	67
	0.707
	0.707
	547
	0.707
	0.707
	595
	0.707
	-0.707

	20
	0.707
	-0.707
	68
	-0.707
	-0.707
	548
	0.707
	-0.707
	596
	0.707
	-0.707

	21
	0.707
	-0.707
	69
	0.707
	-0.707
	549
	-0.707
	-0.707
	597
	0.707
	-0.707

	22
	0.707
	-0.707
	70
	0.707
	-0.707
	550
	0.707
	-0.707
	598
	0.707
	-0.707

	23
	-0.707
	-0.707
	71
	0.707
	0.707
	551
	-0.707
	-0.707
	599
	-0.707
	-0.707

	24
	-0.707
	-0.707
	72
	-0.707
	0.707
	552
	0.707
	-0.707
	600
	-0.707
	-0.707

	25
	-0.707
	-0.707
	73
	0.707
	-0.707
	553
	-0.707
	-0.707
	601
	0.707
	-0.707

	26
	0.707
	0.707
	74
	-0.707
	-0.707
	554
	0.707
	-0.707
	602
	0.707
	0.707

	27
	0.707
	0.707
	75
	-0.707
	0.707
	555
	0.707
	0.707
	603
	-0.707
	-0.707

	28
	0.707
	-0.707
	76
	-0.707
	0.707
	556
	0.707
	-0.707
	604
	0.707
	-0.707

	29
	0.707
	-0.707
	77
	0.707
	0.707
	557
	0.707
	0.707
	605
	-0.707
	-0.707

	30
	-0.707
	-0.707
	78
	-0.707
	-0.707
	558
	0.707
	-0.707
	606
	-0.707
	0.707

	31
	-0.707
	0.707
	79
	0.707
	-0.707
	559
	-0.707
	-0.707
	607
	0.707
	-0.707

	32
	0.707
	0.707
	80
	0.707
	0.707
	560
	-0.707
	-0.707
	608
	0.707
	0.707

	33
	0.707
	-0.707
	81
	0.707
	0.707
	561
	-0.707
	-0.707
	609
	-0.707
	0.707

	34
	0.707
	-0.707
	82
	0.707
	-0.707
	562
	0.707
	-0.707
	610
	0.707
	-0.707

	35
	0.707
	0.707
	83
	-0.707
	-0.707
	563
	0.707
	-0.707
	611
	0.707
	-0.707

	36
	0.707
	0.707
	84
	0.707
	-0.707
	564
	0.707
	-0.707
	612
	-0.707
	0.707

	37
	0.707
	0.707
	85
	0.707
	-0.707
	565
	-0.707
	0.707
	613
	0.707
	-0.707

	38
	0.707
	0.707
	86
	-0.707
	0.707
	566
	0.707
	-0.707
	614
	-0.707
	0.707

	39
	0.707
	0.707
	87
	0.707
	-0.707
	567
	0.707
	-0.707
	615
	0.707
	0.707

	40
	-0.707
	0.707
	88
	-0.707
	0.707
	568
	-0.707
	-0.707
	616
	-0.707
	-0.707

	41
	0.707
	-0.707
	89
	0.707
	0.707
	569
	0.707
	-0.707
	617
	-0.707
	-0.707

	42
	-0.707
	0.707
	90
	-0.707
	0.707
	570
	-0.707
	0.707
	618
	0.707
	-0.707

	43
	-0.707
	-0.707
	91
	-0.707
	0.707
	571
	-0.707
	0.707
	619
	-0.707
	0.707

	44
	-0.707
	-0.707
	92
	-0.707
	0.707
	572
	0.707
	-0.707
	620
	0.707
	0.707

	45
	0.707
	-0.707
	93
	0.707
	0.707
	573
	0.707
	-0.707
	621
	0.707
	0.707

	46
	0.707
	-0.707
	94
	0.707
	0.707
	574
	-0.707
	-0.707
	622
	-0.707
	-0.707

	47
	-0.707
	-0.707
	95
	-0.707
	-0.707
	575
	0.707
	-0.707
	623
	0.707
	-0.707

	48
	0.707
	-0.707
	96
	0.707
	0.707
	576
	0.707
	0.707
	624
	0.707
	0.707


K.4.5 Frequency Spreading

In this example, no frequency spreading is applied to the OFDM payload. The vectors from table K.10 are mapped directly into the frequency domain. The next paragraphs are illustrating the mapping in the frequency domain, taking into account the pilot tones, the DC tone and the guard tones.

K.5 Conversion from frequency domain to time domain
K.5.1 Pilot, DC and Guard tone insertion

The following steps are applied to both the OFDM header and the OFDM payload. Before going to the next steps, table K.6 and K.10 should be appended, resulting in 21 symbols of 48 bins in the frequency domain. The 48 bins are mapped in the frequency domain by inserting pilot tones, guard tones and a DC tone, as defined in 16.2.3.7.

Table K.11 Complete Packet in the frequency domain (first and last three symbols)
	Subcarrier
	Symbol 1
	Symbol 2
	Symbol 3
	Symbol 19
	Symbol 20
	Symbol 21

	-32
	0
	0
	0
	0
	0
	0

	-31
	0
	0
	0
	0
	0
	0

	-30
	0
	0
	0
	0
	0
	0

	-29
	0
	0
	0
	0
	0
	0

	-28
	0
	0
	0
	0
	0
	0

	-27
	0
	0
	0
	0
	0
	0

	-26
	 -0 - 1i
	-0 - 1i
	  0 + 1i  
	-0.707 + 0.707i
	-0.707 + 0.707i
	-1

	-25
	 -0 - 1i
	 0 + 1i
	 -0 - 1i  
	 0.707 + 0.707i
	 0.707 - 0.707i
	 0.707 - 0.707i

	-24
	  0 + 1i
	 0 + 1i
	  0 + 1i  
	 0.707 + 0.707i
	-0.707 + 0.707i
	-0.707 + 0.707i

	-23
	  0 + 1i
	 0 + 1i
	  0 + 1i  
	 0.707 - 0.707i
	 0.707 + 0.707i
	-0.707 + 0.707i

	-22
	 -0 - 1i
	1
	  0 + 1i  
	1
	 0.707 - 0.707i
	-0.707 - 0.707i

	-21
	 -0 - 1i
	-0 - 1i
	 -0 - 1i  
	-0.707 - 0.707i
	 0.707 + 0.707i
	-0.707 + 0.707i

	-20
	  0 - 1i
	 0 + 1i
	 -0 + 1i  
	-0.707 + 0.707i
	-0.707 + 0.707i
	-0.707 + 0.707i

	-19
	  0 + 1i
	-0 + 1i
	  0 + 1i  
	 0.707 - 0.707i
	-0.707 + 0.707i
	 0.707 - 0.707i

	-18
	 -0 + 1i
	 0 + 1i
	-1
	 0.707 - 0.707i
	-1
	-0.707 - 0.707i

	-17
	  0 + 1i
	 0 - 1i
	  0 - 1i  
	-0.707 + 0.707i
	 0.707 - 0.707i
	 0.707 - 0.707i

	-16
	 -0 + 1i
	-0 - 1i
	  0 + 1i  
	-0.707 - 0.707i
	 0.707 - 0.707i
	 0.707 + 0.707i

	-15
	 -0 - 1i
	-0 + 1i
	  0 - 1i  
	 0.707 + 0.707i
	 0.707 - 0.707i
	 0.707 + 0.707i

	-14
	-1
	-0 - 1i
	  0 + 1i  
	-0.707 - 0.707i
	-0.707 - 0.707i
	-0.707 - 0.707i

	-13
	  1 - 0i
	 1 - 0i
	 -1 + 0i  
	-0.707 - 0.707i
	 0.707 + 0.707i
	 0.707 - 0.707i

	-12
	  0 + 1i
	-0 - 1i
	  0 + 1i  
	-0.707 - 0.707i
	 0.707 + 0.707i
	 0.707 + 0.707i

	-11
	  1 - 0i
	 1 - 0i
	  1 - 0i  
	-0.707 + 0.707i
	 0.707 + 0.707i
	-0.707 - 0.707i

	-10
	  0 + 1i
	1
	  0 + 1i  
	-1
	 0.707 - 0.707i
	-0.707 + 0.707i

	-9
	  1 - 0i
	 0 + 1i
	 -1 + 0i  
	 0.707 - 0.707i
	 0.707 + 0.707i
	 0.707 - 0.707i

	-8
	 -0 + 1i
	 1 - 0i
	 -0 + 1i  
	-0.707 - 0.707i
	 0.707 - 0.707i
	-0.707 + 0.707i

	-7
	 -1 + 0i
	 0 - 1i
	  1 - 0i  
	-0.707 + 0.707i
	 0.707 + 0.707i
	 0.707 - 0.707i

	-6
	  0 + 1i
	 1 - 0i
	1
	 0.707 + 0.707i
	1
	 0.707 - 0.707i

	-5
	 -1 - 0i
	 0 + 1i
	  0 + 1i  
	-0.707 + 0.707i
	 0.707 - 0.707i
	 0.707 - 0.707i

	-4
	  0 - 1i
	 1 + 0i
	  1 + 0i  
	-0.707 - 0.707i
	-0.707 - 0.707i
	 0.707 - 0.707i

	-3
	  1 - 0i
	-0 + 1i
	  0 - 1i  
	-0.707 + 0.707i
	 0.707 - 0.707i
	-0.707 - 0.707i

	-2
	-1
	 1 - 0i
	 -1 + 0i  
	 0.707 - 0.707i
	-0.707 - 0.707i
	-0.707 - 0.707i

	-1
	 -0 - 1i
	-0 - 1i
	  0 + 1i  
	 0.707 + 0.707i
	 0.707 - 0.707i
	 0.707 - 0.707i

	0
	0
	0
	0
	0
	0
	0

	1
	-1
	-1
	1
	-0.707 + 0.707i
	-0.707 - 0.707i
	 0.707 + 0.707i

	2
	1
	1
	1
	-0.707 - 0.707i
	1
	-0.707 - 0.707i

	3
	1
	-1
	1
	 0.707 - 0.707i
	 0.707 - 0.707i
	 0.707 - 0.707i

	4
	-1
	1
	-1
	 0.707 - 0.707i
	 0.707 + 0.707i
	-0.707 - 0.707i

	5
	-1
	-1
	1
	-0.707 + 0.707i
	 0.707 - 0.707i
	-0.707 + 0.707i

	6
	1
	-1
	1
	-0.707 + 0.707i
	 0.707 + 0.707i
	-1

	7
	-1
	-1
	1
	-0.707 - 0.707i
	 0.707 - 0.707i
	 0.707 - 0.707i

	8
	-1
	1
	1
	-0.707 - 0.707i
	-0.707 - 0.707i
	 0.707 + 0.707i

	9
	1
	-1
	-1
	-0.707 + 0.707i
	-0.707 - 0.707i
	-0.707 + 0.707i

	10
	-1
	-1
	-1
	-1
	-0.707 - 0.707i
	 0.707 - 0.707i

	11
	-1
	1
	-1
	-0.707 - 0.707i
	 0.707 - 0.707i
	 0.707 - 0.707i

	12
	1
	1
	-1
	-0.707 + 0.707i
	 0.707 - 0.707i
	-0.707 + 0.707i

	13
	1
	1
	-1
	-0.707 - 0.707i
	 0.707 - 0.707i
	 0.707 - 0.707i

	14
	-1
	1
	1
	-0.707 - 0.707i
	1
	-0.707 + 0.707i

	15
	  0 + 1i
	-1
	  0 + 1i  
	-0.707 + 0.707i
	-0.707 + 0.707i
	 0.707 + 0.707i

	16
	 -1 + 0i
	-0 - 1i
	 -1 + 0i  
	-0.707 + 0.707i
	 0.707 - 0.707i
	-0.707 - 0.707i

	17
	  0 + 1i
	-1 + 0i
	  0 + 1i  
	 0.707 + 0.707i
	 0.707 - 0.707i
	-0.707 - 0.707i

	18
	 -1 + 0i
	 0 + 1i
	1
	 0.707 - 0.707i
	-0.707 - 0.707i
	1

	19
	  0 + 1i
	-1 + 0i
	  1 - 0i  
	 0.707 - 0.707i
	 0.707 - 0.707i
	 0.707 - 0.707i

	20
	  1 - 0i
	-0 - 1i
	  0 + 1i  
	-0.707 - 0.707i
	-0.707 + 0.707i
	-0.707 + 0.707i

	21
	  0 + 1i
	-1 + 0i
	 -1 + 0i  
	 0.707 + 0.707i
	-0.707 + 0.707i
	 0.707 + 0.707i

	22
	-1
	 0 + 1i
	  0 + 1i  
	1
	 0.707 - 0.707i
	 0.707 + 0.707i

	23
	  1 - 0i
	-1 + 0i
	 -1 + 0i  
	 0.707 - 0.707i
	 0.707 - 0.707i
	-0.707 - 0.707i

	24
	 -0 - 1i
	 0 + 1i
	 -0 - 1i  
	-0.707 + 0.707i
	-0.707 - 0.707i
	 0.707 - 0.707i

	25
	 -1 + 0i
	-1 + 0i
	  1 - 0i  
	-0.707 + 0.707i
	 0.707 - 0.707i
	 0.707 + 0.707i

	26
	 -0 - 1i
	-0 - 1i
	  0 + 1i  
	 0.707 + 0.707i
	 0.707 + 0.707i
	1

	27
	0
	0
	0
	0
	0
	0

	28
	0
	0
	0
	0
	0
	0

	29
	0
	0
	0
	0
	0
	0

	30
	0
	0
	0
	0
	0
	0

	31
	0
	0
	0
	0
	0
	0


K.5.2 Time domain OFDM Header and Payload

The data from table K11 is converted by an IFFT of size 64. Most IFFTs require a reordering of the data. Typically, the order of the frequencies within each symbol should be as follows:

0, 1, 2, … 31, -32, -31, …, -1

After the IFFT, each symbol is extended by a cyclic prefix of 16 samples. Each OFDM symbol then has a size of 80 samples (64 +16). 

The resulting data in the time domain has 1680 samples (21*80).
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