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Annex U
 (informative)

An example of encoding a frame for OFDM PHY

U.1 Introduction

The purpose of this annex is to show an example of encoding a frame for the TVWS-OFDM PHY. This example covers all the encoding details defined by this standard.

The encoding illustration goes through the following stages:

a) Generating the OFDM Header and the corresponding HCS;

b) Setting the six tail bits to zeros;

c) Encoding the header with a convolutional encoder;

d) Interleaving the header;

e) 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.

f) Scrambling the data field;

g) Resetting the six tail bits back to zeros;

h) Encoding the data with a convolutional encoder 

i) Interleaving the data field;

j) Mapping into complex symbols;

k) Concatenating  the OFDM header and the data field;

l) Pilot, guard and DC tone insertion;
m) Transforming from frequency to time domain using the IFFT and adding a circular prefix;
n) Generating the short training sequence section of the preamble;

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

In the description of time domain waveforms, a complex baseband signal at 1,250 ksample/s is used. This example uses the 1562.5 kbps data rate (MCS2) and the OFDM Header uses the 390.625 kbps data rate (MCS0). 
U.2 The Message
The message of 20 characters  is converted to ASCII and a CRC32 is added as defined in clause 5.2.1.9. The resulting 24 octets PSDU is shown in Table U.1. 
Table U.1 – The message
	Octet #
	Value (Hex)
	Octet #
	Value (Hex)
	Octet #
	Value (Hex)
	Octet #
	Value (Hex)

	1
	46
	7
	2C
	13
	6E
	19
	74

	2
	72
	8
	20
	14
	65
	20
	74

	3
	65
	9
	73
	15
	72
	21
	34

	4
	75
	10
	63
	16
	20
	22
	7b

	5
	64
	11
	68
	17
	47
	23
	32

	6
	65
	12
	F6
	18
	F6
	24
	64


Note: to extract the bit stream from this table, the octet must be read LSB first.
U.3 Generation of the OFDM Header

U.3.1 HCS and PAD bits insertion

In this example the payload data has a size of 24 octets and it will be encoded using 16-QAM modulation, ½ rate coding. The scrambler seed will be the following one (Scrambler seed = [0 1 0 1 0 0 1 0 0]). 

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

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

	Reserved
	1
	0
	
	Scrambling
	20
	0
	
	　
	39
	1

	　
	2
	0
	
	Seed
	21
	1
	
	　
	40
	0

	　
	3
	0
	
	　
	22
	0
	
	　
	41
	0

	　
	4
	0
	
	　
	23
	1
	
	　
	42
	0

	　
	5
	0
	
	　
	24
	0
	
	　
	43
	1

	Ranging
	6
	1
	
	　
	25
	0
	
	　
	44
	1

	Rate
	7
	1
	
	　
	26
	1
	
	Tail
	45
	0

	　
	8
	0
	
	　
	27
	0
	
	　
	46
	0

	Frame
	9
	0
	
	　
	28
	0
	
	　
	47
	0

	Length
	10
	0
	
	HCS
	29
	1
	
	　
	48
	0

	　
	11
	0
	
	　
	30
	0
	
	　
	49
	0

	　
	12
	0
	
	　
	31
	0
	
	　
	50
	0

	　
	13
	0
	
	　
	32
	1
	
	
	
	

	　
	14
	0
	
	　
	33
	1
	
	
	
	

	　
	15
	1
	
	　
	34
	1
	
	
	
	

	　
	16
	1
	
	　
	35
	0
	
	
	
	

	　
	17
	0
	
	　
	36
	0
	
	
	
	

	　
	18
	0
	
	　
	37
	0
	
	
	
	

	　
	19
	0
	
	　
	38
	0
	
	
	
	


In this configuration, no extra PAD bit is necessary. The size of the header will fill up exactly 1 OFDM symbol.
U.3.2 Convolutional Encoding

After convolutional encoding of the OFDM header, the size is now doubled and the corresponding bits are represented in table U.3a. 
Table U.3a – OFDM Header after convolutional encoding
	Bit #
	Bit Value
	Bit #
	Bit Value
	Bit #
	Bit Value
	Bit #
	Bit Value

	1
	0
	26
	1
	51
	1
	76
	1

	2
	0
	27
	0
	52
	0
	77
	1

	3
	0
	28
	0
	53
	1
	78
	0

	4
	0
	29
	1
	54
	0
	79
	1

	5
	0
	30
	1
	55
	0
	80
	0

	6
	0
	31
	1
	56
	1
	81
	1

	7
	0
	32
	0
	57
	1
	82
	1

	8
	0
	33
	1
	58
	1
	83
	1

	9
	0
	34
	0
	59
	0
	84
	1

	10
	0
	35
	0
	60
	1
	85
	1

	11
	1
	36
	0
	61
	0
	86
	1

	12
	1
	37
	1
	62
	1
	87
	0

	13
	1
	38
	1
	63
	1
	88
	0

	14
	0
	39
	1
	64
	1
	89
	0

	15
	1
	40
	0
	65
	1
	90
	1

	16
	0
	41
	1
	66
	0
	91
	0

	17
	0
	42
	0
	67
	1
	92
	0

	18
	0
	43
	1
	68
	1
	93
	1

	19
	1
	44
	0
	69
	1
	94
	1

	20
	1
	45
	0
	70
	0
	95
	1

	21
	1
	46
	0
	71
	0
	96
	0

	22
	0
	47
	1
	72
	0
	97
	0

	23
	0
	48
	0
	73
	0
	98
	1

	24
	1
	49
	1
	74
	1
	99
	1

	25
	1
	50
	1
	75
	0
	100
	1


U.3.3 Interleaving

A 2-step interleaver is applied to the data, as defined in 20.2.3.4. The resulting data is represented in table U.3b.

Table U.3b – OFDM Header after interleaving
	Bit #
	Bit Value
	Bit #
	Bit Value
	Bit #
	Bit Value
	Bit #
	Bit Value

	1
	0
	26
	0
	51
	1
	76
	0

	2
	1
	27
	1
	52
	1
	77
	0

	3
	1
	28
	0
	53
	1
	78
	1

	4
	0
	29
	0
	54
	0
	79
	1

	5
	1
	30
	1
	55
	0
	80
	0

	6
	0
	31
	0
	56
	1
	81
	0

	7
	0
	32
	0
	57
	0
	82
	1

	8
	0
	33
	1
	58
	0
	83
	1

	9
	1
	34
	1
	59
	0
	84
	1

	10
	1
	35
	0
	60
	0
	85
	0

	11
	0
	36
	0
	61
	1
	86
	0

	12
	0
	37
	0
	62
	1
	87
	1

	13
	1
	38
	0
	63
	1
	88
	1

	14
	1
	39
	1
	64
	0
	89
	0

	15
	1
	40
	0
	65
	1
	90
	1

	16
	0
	41
	0
	66
	0
	91
	1

	17
	1
	42
	1
	67
	0
	92
	1

	18
	0
	43
	1
	68
	0
	93
	0

	19
	1
	44
	1
	69
	1
	94
	1

	20
	1
	45
	0
	70
	1
	95
	1

	21
	0
	46
	0
	71
	1
	96
	1

	22
	1
	47
	1
	72
	0
	97
	0

	23
	0
	48
	1
	73
	0
	98
	1

	24
	1
	49
	0
	74
	0
	99
	0

	25
	1
	50
	1
	75
	1
	100
	1


U.3.4 Bit mapping

The 100 bits are split into 1 OFDM symbol. 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 figure 178.
	Table U.4 – Bit mapping for the OFDM Header
　
	Symbol 1
	　
	Symbol 1
	　
	Symbol 1
	　
	Symbol 1

	　
	I
	Q
	　
	I
	Q
	　
	I
	Q
	　
	I
	Q

	1
	-1
	0
	26
	-1
	0
	51
	1
	0
	76
	-1
	0

	2
	1
	0
	27
	1
	0
	52
	1
	0
	77
	-1
	0

	3
	1
	0
	28
	-1
	0
	53
	1
	0
	78
	1
	0

	4
	-1
	0
	29
	-1
	0
	54
	-1
	0
	79
	1
	0

	5
	1
	0
	30
	1
	0
	55
	-1
	0
	80
	-1
	0

	6
	-1
	0
	31
	-1
	0
	56
	1
	0
	81
	-1
	0

	7
	-1
	0
	32
	-1
	0
	57
	-1
	0
	82
	1
	0

	8
	-1
	0
	33
	1
	0
	58
	-1
	0
	83
	1
	0

	9
	1
	0
	34
	1
	0
	59
	-1
	0
	84
	1
	0

	10
	1
	0
	35
	-1
	0
	60
	-1
	0
	85
	-1
	0

	11
	-1
	0
	36
	-1
	0
	61
	1
	0
	86
	-1
	0

	12
	-1
	0
	37
	-1
	0
	62
	1
	0
	87
	1
	0

	13
	1
	0
	38
	-1
	0
	63
	1
	0
	88
	1
	0

	14
	1
	0
	39
	1
	0
	64
	-1
	0
	89
	-1
	0

	15
	1
	0
	40
	-1
	0
	65
	1
	0
	90
	1
	0

	16
	-1
	0
	41
	-1
	0
	66
	-1
	0
	91
	1
	0

	17
	1
	0
	42
	1
	0
	67
	-1
	0
	92
	1
	0

	18
	-1
	0
	43
	1
	0
	68
	-1
	0
	93
	-1
	0

	19
	1
	0
	44
	1
	0
	69
	1
	0
	94
	1
	0

	20
	1
	0
	45
	-1
	0
	70
	1
	0
	95
	1
	0

	21
	-1
	0
	46
	-1
	0
	71
	1
	0
	96
	1
	0

	22
	1
	0
	47
	1
	0
	72
	-1
	0
	97
	-1
	0

	23
	-1
	0
	48
	1
	0
	73
	-1
	0
	98
	1
	0

	24
	1
	0
	49
	-1
	0
	74
	-1
	0
	99
	-1
	0

	25
	1
	0
	50
	1
	0
	75
	1
	0
	100
	1
	0


U.4 Generation of the data Symbols

U.4.1 PAD Insertion and Data Scrambling

The original 24 octets of data, as defined in table U.1, are concatenated with 6 zero tail bits and 2 pad bits (as calculated by the formulas in 20.2.3.8). The 6 tail bits are forced to 0 after scrambling. The resulting 200 bits are represented in table U.5 (First and last 50 bits only).

Table U.5 – First and last 50 bits after pad insertion and scrambling
	Bit #
	Bit Value
	Bit #
	Bit Value
	Bit #
	Bit Value
	Bit #
	Bit Value

	1
	1
	26
	1
	151
	1
	176
	0

	2
	1
	27
	1
	152
	1
	177
	1

	3
	1
	28
	1
	153
	1
	178
	0

	4
	0
	29
	0
	154
	1
	179
	1

	5
	1
	30
	1
	155
	0
	180
	0

	6
	1
	31
	0
	156
	0
	181
	0

	7
	1
	32
	1
	157
	1
	182
	0

	8
	1
	33
	1
	158
	0
	183
	1

	9
	1
	34
	0
	159
	1
	184
	0

	10
	1
	35
	1
	160
	0
	185
	1

	11
	0
	36
	1
	161
	1
	186
	0

	12
	1
	37
	0
	162
	0
	187
	1

	13
	0
	38
	0
	163
	0
	188
	1

	14
	0
	39
	1
	164
	1
	189
	1

	15
	0
	40
	0
	165
	0
	190
	0

	16
	1
	41
	0
	166
	1
	191
	0

	17
	1
	42
	0
	167
	0
	192
	0

	18
	0
	43
	1
	168
	1
	193
	0

	19
	0
	44
	0
	169
	0
	194
	0

	20
	1
	45
	0
	170
	0
	195
	0

	21
	1
	46
	1
	171
	0
	196
	0

	22
	0
	47
	0
	172
	1
	197
	0

	23
	1
	48
	0
	173
	1
	198
	0

	24
	0
	49
	0
	174
	1
	199
	0

	25
	1
	50
	1
	175
	1
	200
	1


U.4.2 Convolutional Encoding 

After convolutional encoding of the payload, the size is now doubled and the corresponding bits are represented in table U.6.

Table U.6 – First and last 50 bits after convolutional encoding
	Bit #
	Bit Value
	Bit #
	Bit Value
	Bit #
	Bit Value
	Bit #
	Bit Value

	1
	1
	26
	1
	351
	0
	376
	1

	2
	1
	27
	1
	352
	1
	377
	1

	3
	1
	28
	0
	353
	0
	378
	0

	4
	0
	29
	1
	354
	1
	379
	1

	5
	0
	30
	0
	355
	1
	380
	1

	6
	1
	31
	0
	356
	1
	381
	1

	7
	0
	32
	0
	357
	0
	382
	1

	8
	1
	33
	0
	358
	1
	383
	0

	9
	1
	34
	0
	359
	1
	384
	1

	10
	1
	35
	0
	360
	1
	385
	0

	11
	1
	36
	1
	361
	0
	386
	1

	12
	1
	37
	0
	362
	0
	387
	0

	13
	0
	38
	0
	363
	0
	388
	1

	14
	0
	39
	0
	364
	1
	389
	1

	15
	1
	40
	0
	365
	0
	390
	1

	16
	1
	41
	0
	366
	0
	391
	0

	17
	0
	42
	0
	367
	1
	392
	0

	18
	1
	43
	1
	368
	1
	393
	0

	19
	0
	44
	1
	369
	1
	394
	0

	20
	0
	45
	0
	370
	1
	395
	0

	21
	0
	46
	0
	371
	1
	396
	0

	22
	0
	47
	1
	372
	0
	397
	0

	23
	1
	48
	0
	373
	0
	398
	0

	24
	0
	49
	1
	374
	0
	399
	1

	25
	1
	50
	0
	375
	1
	400
	1


U.4.3 Interleaving

A 2-step interleaver is applied to the data, as defined in 20.2.3.4. The resulting data (first and last 50 bits only) is represented in table U.7.

Table U.7 – First and last 50 bits after interleaving
	Bit #
	Bit Value
	Bit #
	Bit Value
	Bit #
	Bit Value
	Bit #
	Bit Value

	1
	1
	26
	0
	351
	0
	376
	0

	2
	0
	27
	1
	352
	0
	377
	0

	3
	0
	28
	0
	353
	1
	378
	1

	4
	1
	29
	1
	354
	0
	379
	1

	5
	1
	30
	0
	355
	1
	380
	1

	6
	1
	31
	1
	356
	0
	381
	0

	7
	1
	32
	1
	357
	1
	382
	0

	8
	1
	33
	0
	358
	0
	383
	1

	9
	1
	34
	0
	359
	0
	384
	1

	10
	0
	35
	1
	360
	0
	385
	1

	11
	0
	36
	0
	361
	0
	386
	1

	12
	0
	37
	1
	362
	0
	387
	1

	13
	1
	38
	0
	363
	0
	388
	0

	14
	0
	39
	1
	364
	1
	389
	1

	15
	0
	40
	0
	365
	1
	390
	1

	16
	0
	41
	1
	366
	0
	391
	1

	17
	0
	42
	1
	367
	0
	392
	1

	18
	0
	43
	1
	368
	1
	393
	1

	19
	0
	44
	0
	369
	0
	394
	1

	20
	1
	45
	0
	370
	0
	395
	1

	21
	0
	46
	1
	371
	0
	396
	0

	22
	1
	47
	1
	372
	0
	397
	1

	23
	1
	48
	0
	373
	0
	398
	0

	24
	0
	49
	1
	374
	0
	399
	1

	25
	1
	50
	1
	375
	1
	400
	1


U.4.4 Bit mapping

The bit mapping for the OFDM payload in this example is 16-QAM (4 data bits per vector). The I and Q vectors are mapped as defined in figure 178. The resulting data is represented in table U.8

. 

Table U.8 – Bit mapping for the OFDM payload
	　
	Symbol 1
	　
	Symbol 1
	　
	Symbol 1
	　
	Symbol 1

	　
	I
	Q
	　
	I
	Q
	　
	I
	Q
	　
	I
	Q

	1
	0.9487
	-0.3162
	26
	0.3162
	-0.9487
	51
	0.9487
	-0.3162
	76
	0.3162
	0.9487

	2
	0.3162
	0.3162
	27
	-0.3162
	0.3162
	52
	-0.9487
	-0.9487
	77
	-0.3162
	0.3162

	3
	0.9487
	-0.9487
	28
	-0.3162
	0.3162
	53
	-0.3162
	0.9487
	78
	0.9487
	-0.9487

	4
	0.9487
	-0.9487
	29
	0.9487
	0.9487
	54
	0.3162
	0.3162
	79
	-0.3162
	-0.9487

	5
	-0.9487
	-0.3162
	30
	-0.9487
	0.9487
	55
	0.9487
	0.9487
	80
	0.9487
	-0.3162

	6
	-0.3162
	0.9487
	31
	-0.3162
	0.9487
	56
	-0.3162
	-0.9487
	81
	-0.9487
	0.3162

	7
	0.9487
	0.9487
	32
	0.3162
	-0.9487
	57
	0.9487
	-0.9487
	82
	-0.3162
	-0.3162

	8
	0.9487
	0.3162
	33
	-0.9487
	0.3162
	58
	0.9487
	0.3162
	83
	0.3162
	-0.3162

	9
	-0.9487
	0.9487
	34
	-0.3162
	-0.3162
	59
	-0.9487
	-0.9487
	84
	0.3162
	0.9487

	10
	0.9487
	0.9487
	35
	0.3162
	0.9487
	60
	0.9487
	-0.9487
	85
	-0.9487
	0.9487

	11
	0.3162
	0.9487
	36
	-0.3162
	0.9487
	61
	-0.9487
	0.9487
	86
	-0.3162
	0.9487

	12
	-0.3162
	0.9487
	37
	0.3162
	0.3162
	62
	-0.9487
	0.9487
	87
	-0.9487
	-0.9487

	13
	0.3162
	0.9487
	38
	-0.3162
	-0.3162
	63
	-0.3162
	-0.9487
	88
	0.3162
	-0.9487

	14
	0.9487
	0.3162
	39
	0.9487
	0.9487
	64
	-0.3162
	0.9487
	89
	0.9487
	0.9487

	15
	-0.9487
	-0.9487
	40
	-0.9487
	0.3162
	65
	-0.9487
	-0.9487
	90
	0.9487
	-0.9487

	16
	-0.9487
	0.3162
	41
	0.3162
	0.9487
	66
	-0.9487
	-0.9487
	91
	-0.9487
	-0.3162

	17
	0.9487
	-0.3162
	42
	-0.3162
	0.3162
	67
	-0.3162
	-0.3162
	92
	0.9487
	-0.3162

	18
	-0.3162
	0.9487
	43
	-0.3162
	0.9487
	68
	-0.9487
	-0.9487
	93
	-0.9487
	-0.9487

	19
	0.3162
	-0.9487
	44
	0.9487
	-0.3162
	69
	0.9487
	0.9487
	94
	-0.9487
	0.9487

	20
	-0.9487
	0.3162
	45
	0.3162
	0.3162
	70
	0.3162
	-0.9487
	95
	-0.3162
	0.3162

	21
	-0.3162
	-0.9487
	46
	-0.3162
	0.9487
	71
	0.9487
	-0.9487
	96
	-0.9487
	0.3162

	22
	0.3162
	-0.9487
	47
	-0.9487
	-0.9487
	72
	-0.9487
	-0.3162
	97
	0.3162
	0.9487

	23
	-0.3162
	-0.3162
	48
	-0.3162
	0.3162
	73
	-0.9487
	-0.9487
	98
	0.3162
	0.3162

	24
	0.3162
	-0.3162
	49
	-0.9487
	-0.9487
	74
	0.9487
	0.9487
	99
	0.3162
	0.9487

	25
	-0.9487
	-0.9487
	50
	-0.949
	0.316
	75
	-0.3162
	0.9487
	100
	0.9487
	0.3162


U.5 Conversion from frequency domain to time domain

U.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 U.4 and U.8 should be appended, resulting in 2 symbols of 100 bins in the frequency domain. The 100 bins are mapped in the frequency domain by inserting pilot tones, guard tones and a DC tone, as defined in 20.2.3.5.

Table U.9 Frequency domain OFDM Header and Payload
	Subcarrier
	Symbol 1
	Subcarrier
	Symbol 1
	Subcarrier
	Symbol 2
	Subcarrier
	Symbol2

	-64
	0
	0
	0
	-64
	0
	0
	0

	-63
	0
	1
	1
	-63
	0
	1
	  0.9487 - 0.3162i  

	-62
	0
	2
	1
	-62
	0
	2
	 -0.9487 - 0.9487i  

	-61
	0
	3
	1
	-61
	0
	3
	 -0.3162 + 0.9487i  

	-60
	0
	4
	-1
	-60
	0
	4
	  0.3162 + 0.3162i  

	-59
	0
	5
	-1
	-59
	0
	5
	  0.9487 + 0.9487i  

	-58
	0
	6
	1
	-58
	0
	6
	 -0.3162 - 0.9487i  

	-57
	0
	7
	1
	-57
	0
	7
	-1

	-56
	0
	8
	-1
	-56
	0
	8
	  0.9487 - 0.9487i  

	-55
	0
	9
	-1
	-55
	0
	9
	  0.9487 + 0.3162i  

	-54
	-1
	10
	-1
	-54
	  0.9487 - 0.3162i
	10
	 -0.9487 - 0.9487i  

	-53
	1
	11
	-1
	-53
	  0.3162 + 0.3162i
	11
	  0.9487 - 0.9487i  

	-52
	1
	12
	1
	-52
	  0.9487 - 0.9487i
	12
	 -0.9487 + 0.9487i  

	-51
	-1
	13
	1
	-51
	  0.9487 - 0.9487i
	13
	 -0.9487 + 0.9487i  

	-50
	1
	14
	1
	-50
	 -0.9487 - 0.3162i
	14
	 -0.3162 - 0.9487i  

	-49
	-1
	15
	-1
	-49
	-1
	15
	 -0.3162 + 0.9487i  

	-48
	-1
	16
	1
	-48
	 -0.3162 + 0.9487i
	16
	 -0.9487 - 0.9487i  

	-47
	-1
	17
	-1
	-47
	  0.9487 + 0.9487i
	17
	 -0.9487 - 0.9487i  

	-46
	-1
	18
	-1
	-46
	  0.9487 + 0.3162i
	18
	 -0.3162 - 0.3162i  

	-45
	1
	19
	-1
	-45
	 -0.9487 + 0.9487i
	19
	 -0.9487 - 0.9487i  

	-44
	1
	20
	1
	-44
	  0.9487 + 0.9487i
	20
	  0.9487 + 0.9487i  

	-43
	-1
	21
	1
	-43
	  0.3162 + 0.9487i
	21
	-1

	-42
	-1
	22
	1
	-42
	 -0.3162 + 0.9487i
	22
	  0.3162 - 0.9487i  

	-41
	1
	23
	1
	-41
	  0.3162 + 0.9487i
	23
	  0.9487 - 0.9487i  

	-40
	1
	24
	-1
	-40
	  0.9487 + 0.3162i
	24
	 -0.9487 - 0.3162i  

	-39
	1
	25
	-1
	-39
	 -0.9487 - 0.9487i
	25
	 -0.9487 - 0.9487i  

	-38
	-1
	26
	-1
	-38
	 -0.9487 + 0.3162i
	26
	  0.9487 + 0.9487i  

	-37
	1
	27
	1
	-37
	  0.9487 - 0.3162i
	27
	 -0.3162 + 0.9487i  

	-36
	-1
	28
	-1
	-36
	 -0.3162 + 0.9487i
	28
	  0.3162 + 0.9487i  

	-35
	-1
	29
	-1
	-35
	1
	29
	 -0.3162 + 0.3162i  

	-34
	1
	30
	1
	-34
	  0.3162 - 0.9487i
	30
	  0.9487 - 0.9487i  

	-33
	1
	31
	1
	-33
	 -0.9487 + 0.3162i
	31
	 -0.3162 - 0.9487i  

	-32
	-1
	32
	-1
	-32
	 -0.3162 - 0.9487i
	32
	  0.9487 - 0.3162i  

	-31
	1
	33
	-1
	-31
	  0.3162 - 0.9487i
	33
	 -0.9487 + 0.3162i  

	-30
	-1
	34
	1
	-30
	 -0.3162 - 0.3162i
	34
	 -0.3162 - 0.3162i  

	-29
	1
	35
	1
	-29
	  0.3162 - 0.3162i
	35
	-1

	-28
	1
	36
	1
	-28
	 -0.9487 - 0.9487i
	36
	  0.3162 - 0.3162i  

	-27
	-1
	37
	1
	-27
	  0.3162 - 0.9487i
	37
	  0.3162 + 0.9487i  

	-26
	1
	38
	-1
	-26
	 -0.3162 + 0.3162i
	38
	 -0.9487 + 0.9487i  

	-25
	-1
	39
	-1
	-25
	 -0.3162 + 0.3162i
	39
	 -0.3162 + 0.9487i  

	-24
	-1
	40
	1
	-24
	  0.9487 + 0.9487i
	40
	 -0.9487 - 0.9487i  

	-23
	1
	41
	1
	-23
	 -0.9487 + 0.9487i
	41
	  0.3162 - 0.9487i  

	-22
	-1
	42
	-1
	-22
	 -0.3162 + 0.9487i
	42
	  0.9487 + 0.9487i  

	-21
	-1
	43
	1
	-21
	1
	43
	  0.9487 - 0.9487i  

	-20
	-1
	44
	1
	-20
	  0.3162 - 0.9487i
	44
	 -0.9487 - 0.3162i  

	-19
	1
	45
	1
	-19
	 -0.9487 + 0.3162i
	45
	  0.9487 - 0.3162i  

	-18
	1
	46
	-1
	-18
	 -0.3162 - 0.3162i
	46
	 -0.9487 - 0.9487i  

	-17
	-1
	47
	1
	-17
	  0.3162 + 0.9487i
	47
	 -0.9487 + 0.9487i  

	-16
	-1
	48
	1
	-16
	 -0.3162 + 0.9487i
	48
	 -0.3162 + 0.3162i  

	-15
	-1
	49
	1
	-15
	  0.3162 + 0.3162i
	49
	-1

	-14
	-1
	50
	1
	-14
	 -0.3162 - 0.3162i
	50
	 -0.9487 + 0.3162i  

	-13
	1
	51
	-1
	-13
	  0.9487 + 0.9487i
	51
	  0.3162 + 0.9487i  

	-12
	-1
	52
	1
	-12
	 -0.9487 + 0.3162i
	52
	  0.3162 + 0.3162i  

	-11
	-1
	53
	-1
	-11
	  0.3162 + 0.9487i
	53
	  0.3162 + 0.9487i  

	-10
	1
	54
	1
	-10
	 -0.3162 + 0.3162i
	54
	  0.9487 + 0.3162i  

	-9
	1
	55
	0
	-9
	 -0.3162 + 0.9487i
	55
	0

	-8
	1
	56
	0
	-8
	  0.9487 - 0.3162i
	56
	0

	-7
	-1
	57
	0
	-7
	1
	57
	0

	-6
	-1
	58
	0
	-6
	  0.3162 + 0.3162i
	58
	0

	-5
	-1
	59
	0
	-5
	 -0.3162 + 0.9487i
	59
	0

	-4
	1
	60
	0
	-4
	 -0.9487 - 0.9487i
	60
	0

	-3
	1
	61
	0
	-3
	 -0.3162 + 0.3162i
	61
	0

	-2
	-1
	62
	0
	-2
	 -0.9487 - 0.9487i
	62
	0

	-1
	1
	63
	0
	-1
	 -0.9487 + 0.3162i
	63
	0


Note: in table U.9, the pilot tones are represented in bold and the DC/Guard Tones are represented in italic.

U.5.2 Time domain OFDM Header and Payload

The data from table U 9 is converted by an IFFT of size 128. Most IFFTs require a reordering of the data. Typically, the order of the frequencies within each symbol should be as follows:

0, 1, 2, … 63, -64, -63, …, -1

After the IFFT, each symbol is extended by a cyclic prefix of 32 samples. Each OFDM symbol then has a size of 160 samples (128 +32). 

The resulting data in the time domain has 320 samples (2*160) (Time domain OFDM Header and Payload).
Table U.10 Time domain OFDM Header and Payload
	Sample #
	I
	Q
	Sample #
	I
	Q
	Sample #
	I
	Q
	Sample #
	I
	Q

	1
	0.3536
	0.8839
	81
	-0.5303
	1.3624
	161
	-0.0559
	-0.0091
	241
	1.7118
	0.129

	2
	-0.2738
	0.1799
	82
	1.2579
	0.0588
	162
	0.0104
	0.4379
	242
	0.8102
	0.4106

	3
	-0.5807
	-0.108
	83
	-0.1808
	-0.7236
	163
	-0.1514
	0.0654
	243
	0.128
	-0.1447

	4
	1.4404
	0.4645
	84
	-0.2093
	-1.0213
	164
	-0.2685
	-0.9733
	244
	0.4152
	0.7871

	5
	0.215
	0.5561
	85
	-0.5683
	-0.1272
	165
	0.5618
	-0.1624
	245
	0.2471
	0.5723

	6
	-0.8961
	-0.9546
	86
	-0.987
	0.196
	166
	-0.3957
	0.9303
	246
	-1.1678
	-0.2805

	7
	0.0118
	-1.8555
	87
	0.2976
	-0.5227
	167
	-1.0987
	0.1578
	247
	-0.6964
	0.1708

	8
	-0.7747
	-1.4643
	88
	-0.6068
	0.0133
	168
	0.7821
	-0.2897
	248
	-0.1901
	-0.2283

	9
	-1.1094
	-0.2659
	89
	0.1586
	-0.7151
	169
	0.2527
	0.7441
	249
	-0.2361
	-0.9093

	10
	-0.0385
	0.1534
	90
	0.0862
	0.7636
	170
	-1.4674
	0.8256
	250
	0.4042
	0.6921

	11
	-0.0446
	-1.2898
	91
	-0.993
	1.2039
	171
	-0.0377
	0.2077
	251
	0.1276
	0.8476

	12
	-0.3713
	0.106
	92
	0.1324
	-0.1941
	172
	1.0236
	0.1162
	252
	0.3617
	-0.5999

	13
	-0.008
	0.0492
	93
	-0.9517
	0.1666
	173
	0.7158
	0.2373
	253
	-0.1065
	0.5271

	14
	0.3271
	-1.4911
	94
	-0.5507
	-0.2391
	174
	-0.1835
	0.0492
	254
	-0.5474
	0.0091

	15
	0.7524
	0.5296
	95
	0.6825
	-0.2001
	175
	-0.2423
	-0.2164
	255
	-0.1627
	-1.5927

	16
	0.2243
	1.2259
	96
	-0.1511
	-0.4673
	176
	-0.039
	-0.3617
	256
	-0.3296
	-1.3057

	17
	-0.5303
	1.1124
	97
	-0.3536
	        
	177
	-0.5937
	-0.9116
	257
	-0.2145
	-1.1739

	18
	-0.1622
	0.6725
	98
	-0.1511
	0.4673
	178
	1.0728
	-0.6817
	258
	-0.3501
	-0.3052

	19
	-0.1306
	-0.2709
	99
	0.6825
	0.2001
	179
	0.8525
	-0.4256
	259
	-0.8236
	-0.2058

	20
	0.3973
	-0.345
	100
	-0.5507
	0.2391
	180
	-0.5942
	-1.1796
	260
	-0.7422
	-1.0797

	21
	0.8501
	-1.265
	101
	-0.9517
	-0.1666
	181
	0.2581
	-0.4436
	261
	0.583
	-0.5978

	22
	0.2347
	-0.4262
	102
	0.1324
	0.1941
	182
	0.5162
	0.6325
	262
	0.9408
	0.6455

	23
	0.1697
	0.5885
	103
	-0.993
	-1.2039
	183
	0.1266
	0.1292
	263
	0.0492
	0.4107

	24
	0.1435
	-0.6912
	104
	0.0862
	-0.7636
	184
	-0.2845
	0.0156
	264
	-0.0044
	-0.9919

	25
	0.2379
	-0.3885
	105
	0.1586
	0.7151
	185
	-0.2247
	-0.342
	265
	0.0847
	-0.2958

	26
	0.4192
	0.1988
	106
	-0.6068
	-0.0133
	186
	-1.1494
	-0.8046
	266
	-0.5872
	0.5141

	27
	0.244
	-0.0272
	107
	0.2976
	0.5227
	187
	-0.1737
	-0.092
	267
	-1.1657
	0.5223

	28
	0.1373
	0.8344
	108
	-0.987
	-0.196
	188
	1.3089
	-0.804
	268
	0.3542
	0.4057

	29
	0.4248
	-0.007
	109
	-0.5683
	0.1272
	189
	-0.6602
	-0.6748
	269
	0.2788
	-0.4312

	30
	0.9521
	-0.526
	110
	-0.2093
	1.0213
	190
	-0.5124
	0.898
	270
	-0.8398
	0.1618

	31
	-0.0474
	0.3588
	111
	-0.1808
	0.7236
	191
	-0.474
	0.0444
	271
	0.0876
	0.4504

	32
	-0.4242
	-0.7324
	112
	1.2579
	-0.0588
	192
	-1.1486
	0.3156
	272
	-0.2576
	0.3124

	33
	0.3536
	        
	113
	-0.5303
	-1.3624
	193
	-0.5681
	0.5031
	273
	-0.2895
	-0.0228

	34
	-0.4242
	0.7324
	114
	-0.8805
	0.3811
	194
	0.0722
	-0.833
	274
	-0.108
	-1.4343

	35
	-0.0474
	-0.3588
	115
	0.2661
	0.5293
	195
	0.8181
	0.2647
	275
	0.4205
	-0.7535

	36
	0.9521
	0.526
	116
	-0.0401
	-0.2168
	196
	0.6357
	0.004
	276
	1.5157
	0.2052

	37
	0.4248
	0.007
	117
	0.0192
	0.2342
	197
	0.8813
	-0.9994
	277
	0.7663
	0.4644

	38
	0.1373
	-0.8344
	118
	-0.7385
	-0.1735
	198
	-1.073
	0.2089
	278
	0.1213
	1.2453

	39
	0.244
	0.0272
	119
	0.2845
	0.6455
	199
	-0.5394
	0.7073
	279
	-0.7414
	0.7824

	40
	0.4192
	-0.1988
	120
	1.2381
	0.4493
	200
	0.5175
	0.2095
	280
	-0.7743
	-0.3077

	41
	0.2379
	0.3885
	121
	0.0058
	0.1306
	201
	-1.8488
	-0.5355
	281
	-0.5401
	-0.1292

	42
	0.1435
	0.6912
	122
	0.6154
	-0.2675
	202
	0.2897
	0.0407
	282
	-0.3554
	1.054

	43
	0.1697
	-0.5885
	123
	1.4443
	-0.0311
	203
	-1.0755
	1.1586
	283
	0.969
	0.1

	44
	0.2347
	0.4262
	124
	-0.1246
	1.2019
	204
	-1.6389
	0.2706
	284
	0.0408
	-1.2904

	45
	0.8501
	1.265
	125
	-1.3952
	0.6036
	205
	1.6678
	-0.7391
	285
	-0.4668
	-0.9952

	46
	0.3973
	0.345
	126
	0.2963
	0.4442
	206
	-0.4666
	0.0201
	286
	0.4524
	-1.3708

	47
	-0.1306
	0.2709
	127
	0.6527
	-0.2614
	207
	-0.3256
	0.5852
	287
	0.5784
	-0.5964

	48
	-0.1622
	-0.6725
	128
	-0.6728
	-0.1926
	208
	-0.4385
	-0.001
	288
	0.5139
	0.3753

	49
	-0.5303
	-1.1124
	129
	0.3536
	0.8839
	209
	-0.3814
	-0.089
	289
	-0.0559
	-0.0091

	50
	0.2243
	-1.2259
	130
	-0.2738
	0.1799
	210
	1.8167
	-0.223
	290
	0.0104
	0.4379

	51
	0.7524
	-0.5296
	131
	-0.5807
	-0.108
	211
	1.1371
	0.3547
	291
	-0.1514
	0.0654

	52
	0.3271
	1.4911
	132
	1.4404
	0.4645
	212
	0.8449
	0.4164
	292
	-0.2685
	-0.9733

	53
	-0.008
	-0.0492
	133
	0.215
	0.5561
	213
	-1.1021
	-0.8551
	293
	0.5618
	-0.1624

	54
	-0.3713
	-0.106
	134
	-0.8961
	-0.9546
	214
	-1.026
	0.2942
	294
	-0.3957
	0.9303

	55
	-0.0446
	1.2898
	135
	0.0118
	-1.8555
	215
	0.8082
	-0.116
	295
	-1.0987
	0.1578

	56
	-0.0385
	-0.1534
	136
	-0.7747
	-1.4643
	216
	-0.2331
	-0.9447
	296
	0.7821
	-0.2897

	57
	-1.1094
	0.2659
	137
	-1.1094
	-0.2659
	217
	0.5537
	0.9333
	297
	0.2527
	0.7441

	58
	-0.7747
	1.4643
	138
	-0.0385
	0.1534
	218
	0.9498
	-0.1153
	298
	-1.4674
	0.8256

	59
	0.0118
	1.8555
	139
	-0.0446
	-1.2898
	219
	0.3918
	-0.6787
	299
	-0.0377
	0.2077

	60
	-0.8961
	0.9546
	140
	-0.3713
	0.106
	220
	0.463
	0.3249
	300
	1.0236
	0.1162

	61
	0.215
	-0.5561
	141
	-0.008
	0.0492
	221
	0.0069
	0.2485
	301
	0.7158
	0.2373

	62
	1.4404
	-0.4645
	142
	0.3271
	-1.4911
	222
	0.7838
	0.9302
	302
	-0.1835
	0.0492

	63
	-0.5807
	0.108
	143
	0.7524
	0.5296
	223
	0.8724
	0.7965
	303
	-0.2423
	-0.2164

	64
	-0.2738
	-0.1799
	144
	0.2243
	1.2259
	224
	0.0261
	0.9285
	304
	-0.039
	-0.3617

	65
	0.3536
	-0.8839
	145
	-0.5303
	1.1124
	225
	0.8385
	0.6799
	305
	-0.5937
	-0.9116

	66
	-0.6728
	0.1926
	146
	-0.1622
	0.6725
	226
	0.2406
	-0.3886
	306
	1.0728
	-0.6817

	67
	0.6527
	0.2614
	147
	-0.1306
	-0.2709
	227
	-0.6691
	0.6596
	307
	0.8525
	-0.4256

	68
	0.2963
	-0.4442
	148
	0.3973
	-0.345
	228
	0.4639
	1.0999
	308
	-0.5942
	-1.1796

	69
	-1.3952
	-0.6036
	149
	0.8501
	-1.265
	229
	0.0407
	0.2327
	309
	0.2581
	-0.4436

	70
	-0.1246
	-1.2019
	150
	0.2347
	-0.4262
	230
	-0.0964
	0.3624
	310
	0.5162
	0.6325

	71
	1.4443
	0.0311
	151
	0.1697
	0.5885
	231
	0.1179
	-0.268
	311
	0.1266
	0.1292

	72
	0.6154
	0.2675
	152
	0.1435
	-0.6912
	232
	-0.3628
	-0.6684
	312
	-0.2845
	0.0156

	73
	0.0058
	-0.1306
	153
	0.2379
	-0.3885
	233
	-0.2775
	1.4288
	313
	-0.2247
	-0.342

	74
	1.2381
	-0.4493
	154
	0.4192
	0.1988
	234
	-0.6462
	0.7021
	314
	-1.1494
	-0.8046

	75
	0.2845
	-0.6455
	155
	0.244
	-0.0272
	235
	0.1465
	-0.9858
	315
	-0.1737
	-0.092

	76
	-0.7385
	0.1735
	156
	0.1373
	0.8344
	236
	-0.127
	1.1404
	316
	1.3089
	-0.804

	77
	0.0192
	-0.2342
	157
	0.4248
	-0.007
	237
	-0.0942
	0.0386
	317
	-0.6602
	-0.6748

	78
	-0.0401
	0.2168
	158
	0.9521
	-0.526
	238
	0.7025
	-1.0498
	318
	-0.5124
	0.898

	79
	0.2661
	-0.5293
	159
	-0.0474
	0.3588
	239
	-1.0428
	1.2382
	319
	-0.474
	0.0444

	80
	-0.8805
	-0.3811
	160
	-0.4242
	-0.7324
	240
	-0.0452
	0.521
	320
	-1.1486
	0.3156


U.6 Generation of the preamble

U.6.1 Generation of the STF

As defined in clause 20.2.1.1, the STF OFDM symbol is equivalent to 10 repetitions of the following 16-sample time domain pattern after STF power boosting:

Table U.11 – STF time domain pattern

	Sample #
	I
	Q

	1
	0.5
	0.5

	2
	-1.4396
	0.0254

	3
	-0.1464
	-0.8536

	4
	1.5517
	-0.1375

	5
	1
	        

	6
	1.5517
	-0.1375

	7
	-0.1464
	-0.8536

	8
	-1.4396
	0.0254

	9
	0.5
	0.5

	10
	0.0254
	-1.4396

	11
	-0.8536
	-0.1464

	12
	-0.1375
	1.5517

	13
	0
	1

	14
	-0.1375
	1.5517

	15
	-0.8536
	-0.1464

	16
	0.0254
	-1.4396


U.6.2 Generation of the LTF
As defined in clause 20.2.1.2, the LTF consists of the following time domain pattern:
Table U.12 – LTF in time domain
	Sample #
	I
	Q
	Sample #
	I
	Q

	65
	-0.1768
	        
	129
	1.2374
	        

	66
	-0.4189
	-0.4968
	130
	0.7286
	0.4783

	67
	-0.5576
	-1.1737
	131
	0.6834
	0.9371

	68
	-0.7892
	0.0704
	132
	0.4337
	0.3867

	69
	-0.6187
	-0.3143
	133
	0.544
	0.0325

	70
	0.3742
	0.4961
	134
	0.6343
	0.5225

	71
	0.987
	0.5961
	135
	1.3932
	0.8312

	72
	0.366
	-0.9746
	136
	1.1
	1.2759

	73
	-0.5137
	0.5414
	137
	0.4102
	1.33

	74
	-0.1209
	0.6018
	138
	0.117
	0.8538

	75
	-0.3631
	-0.4027
	139
	1.3366
	0.6418

	76
	-0.7045
	-0.488
	140
	0.2987
	0.252

	77
	0.3095
	-0.4431
	141
	0.2038
	-0.7371

	78
	0.4559
	0.2897
	142
	0.5102
	-1.1246

	79
	-0.1832
	0.2027
	143
	1.6478
	0.7256

	80
	-0.0742
	0.7745
	144
	0.1948
	1.0086

	81
	0.1464
	0.1982
	145
	0.8536
	-0.5518

	82
	-0.026
	-0.4667
	146
	1.1571
	0.3824

	83
	-0.3241
	1.0121
	147
	0.2199
	0.4161

	84
	-0.8435
	0.4692
	148
	0.7297
	0.0855

	85
	-0.2723
	0.1652
	149
	1.0405
	0.3617

	86
	-0.3465
	0.5997
	150
	0.8357
	-0.622

	87
	-0.5253
	0.1111
	151
	0.5295
	0.6279

	88
	0.8218
	-0.3035
	152
	1.1097
	0.1675

	89
	-0.1104
	-1.2137
	153
	0.4931
	-1.1576

	90
	-0.1883
	-0.0667
	154
	0.9712
	0.8484

	91
	0.0843
	0.8865
	155
	0.7585
	0.0407

	92
	-0.7054
	-0.2854
	156
	0.5534
	-0.8713

	93
	0.2901
	0.0401
	157
	0.6655
	-0.0289

	94
	-0.1348
	0.0657
	158
	0.0351
	-0.6079

	95
	0.3793
	-0.9356
	159
	0.4512
	0.199

	96
	0.3215
	0.0867
	160
	0.5068
	0.0992

	97
	-0.5303
	1.2374
	161
	0.5303
	-1.2374

	98
	0.5068
	-0.0992
	162
	0.3215
	-0.0867

	99
	-0.4512
	-0.199
	163
	0.3793
	0.9356

	100
	-0.0351
	0.6079
	164
	0.1348
	-0.0657

	101
	0.6655
	0.0289
	165
	0.2901
	-0.0401

	102
	0.5534
	0.8713
	166
	0.7054
	0.2854

	103
	0.7585
	-0.0407
	167
	0.0843
	-0.8865

	104
	-0.9712
	-0.8484
	168
	0.1883
	0.0667

	105
	-0.4931
	1.1576
	169
	0.1104
	1.2137

	106
	1.1097
	-0.1675
	170
	0.8218
	0.3035

	107
	0.5295
	-0.6279
	171
	0.5253
	-0.1111

	108
	-0.8357
	0.622
	172
	0.3465
	-0.5997

	109
	-1.0405
	-0.3617
	173
	0.2723
	-0.1652

	110
	-0.7297
	-0.0855
	174
	0.8435
	-0.4692

	111
	0.2199
	-0.4161
	175
	0.3241
	-1.0121

	112
	1.1571
	-0.3824
	176
	0.026
	0.4667

	113
	-0.8536
	0.5518
	177
	0.1464
	-0.1982

	114
	-0.1948
	-1.0086
	178
	0.0742
	-0.7745

	115
	1.6478
	-0.7256
	179
	0.1832
	-0.2027

	116
	0.5102
	1.1246
	180
	0.4559
	-0.2897

	117
	-0.2038
	0.7371
	181
	0.3095
	0.4431

	118
	0.2987
	-0.252
	182
	0.7045
	0.488

	119
	1.3366
	-0.6418
	183
	0.3631
	0.4027

	120
	-0.117
	-0.8538
	184
	0.1209
	-0.6018

	121
	0.4102
	-1.33
	185
	0.5137
	-0.5414

	122
	1.1
	-1.2759
	186
	0.366
	0.9746

	123
	-1.3932
	-0.8312
	187
	0.987
	-0.5961

	124
	-0.6343
	-0.5225
	188
	0.3742
	-0.4961

	125
	-0.544
	-0.0325
	189
	0.6187
	0.3143

	126
	-0.4337
	-0.3867
	190
	0.7892
	-0.0704

	127
	0.6834
	-0.9371
	191
	0.5576
	1.1737

	128
	0.7286
	-0.4783
	192
	0.4189
	0.4968


The samples 1 through 64 are part of the cyclic prefix for the LTF. They are simply a copy of samples 129 through 192. The samples 193 through 320 are a repetition of samples 65 through 192.
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