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TBDs refer to the immediately preceding text unless noted otherwise.
20.1

Introduction

The support of transmitting and receiving modulation & coding schemes 0-15 in 20 MHz channels is mandatory.  Forward error correction (convolutional coding or TBD1) is used with a code rate of 1/2, 2/3, 3/4, or 5/6.  The support of convolutional coding is mandatory.

TBD1:
The type of advanced coding; e.g., LDPC for TGnSync or WWiSE, turbo coding for Mitmot. 
20.3.2.   PLCP frame format

Figure 1 shows the PPDU format in the Mixed Mode.  The PPDU consists of a legacy preamble, a High Throughput Signal Field (HT-SIG), a High Throughput Short Training Field (HT-STF), High Throughput Long Training Fields (HT-LTFs) and a data section.   The legacy preamble consists of a Legacy Short Training Field (L-STF), a Legacy Long Training Field (L-STF) and a Legacy Signal Field.  The part of the PPDU not including the data section is denoted the Mixed Mode High Throughput preamble.
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Figure 1 - Mixed Mode PLCP frame format
The number of HT-LTFs (
[image: image2.wmf]LTF

N

) shall be at least the number of spatial streams.  The number of HT-LTFs will exceed the number of spatial stream in the case of 3 spatial streams and in TBD modes.  The length of each HT-LTF is 4µsec.

The following section defines the sequences to be transmitted in each of parts of the High Throughput Mixed Mode Preamble.
20.3.2.1   Mixed mode preamble
Subsections 20.3.2.1.1 to 20.3.2.1.4 describe the transmission of the legacy training field and the legacy signal field as part of a mixed mode PPDU.  Subsections 20.3.2.1.5 to 20.3.2.1.8 describe the transmission of the high throughput training field and high throughput signal field as part of a mixed mode PPDU.
20.3.2.1.1   Cyclic shifts definition for the legacy preamble

Cyclic shift is used to prevent undesired beamforming when the same signal or similar signals are transmitted through different spatial streams.   The following table specifies the values for the cyclic shift that shall be applied in the legacy short training field, the legacy long training field, and legacy signal field.  It also applies to the HT signal field in a mixed mode PPDU.  
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 values for the legacy portion of the packet

	Number of Tx Chains
	cyclic shift for Tx chain 1
	cyclic shift for Tx chain 2
	cyclic shift for Tx chain 3
	cyclic shift for Tx chain 4

	1
	0ns
	-
	-
	-

	2
	0ns
	-200ns
	-
	-

	3
	0ns
	-100ns
	-200ns
	-

	4
	0ns
	-50ns
	-100ns
	-150ns


Table 1 - Cyclic shift for legacy portion of the packet
If spatial expansion applies additional cyclic shift to the packet, the total value of cyclic shift shall not exceed the values in Table 1.

20.3.2.1.2   Legacy short training field
The legacy short training OFDM symbol in the 20MHz mode consists of 12 subcarriers which are modulated by elements of the sequence 
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The normalization factor 
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 is the QPSK normalization.

The L-STF on the 
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In the case of Mixed Mode PPDU 
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 takes values from Table 1.  The value of 
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is 1 for 20MHz.  The L-STF has a period of 0.8 µs.  The entire short training field includes ten such periods, with a total duration of 
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20.3.2.1.3   Legacy long training field

In the 20MHz mode, the long training field OFDM symbol is modulated by elements of the sequence:
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The L-LTF waveform is
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where 
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is 1 for 20MHz.
20.3.2.1.4   Legacy signal field

The legacy signal field is used to transfer rate and length information.  It has different meaning when used in transmission as specified in sections 17 or 19 and when used in a HT transmission.   When transmitted in a legacy 20MHz mode (as defined in sections 17 or 19), it is transmitted using the same method and meaning as specified in section 17.3.4.  
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Figure 2 - The signal field

When the transmission is not a legacy transmission the fields in the signal field have different meaning.  The bits in the rate field are [1,1,0,1] – corresponding to a rate of 6Mbps in section 17.3.4 representation.  The value in the length field is given through the TX vector.  This value is used to cause legacy devices to defer transmission for a period corresponding to the length of the rest of the packet.    The value to be transmitted is 
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  where Ndata is the number of 4usec symbols in the data part of the frame.  While using short GI (TBD) Ndata  is equal to the actual number of  symbols in the data part of the frame multiplied by
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.NLTF is the number of HT training symbols. The symbol 
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 denotes the lowest integer greater or equal to x.  

The length field is transmitted LSB first.  It is permissible to use a larger number than l to reserve time for more than the length of the packet.  The reserved bit shall be set to 0.  The parity field shall have the even parity of bits 0-16.  The signal field shall be encoded, interleaved and mapped, and have pilots inserted following the steps described in sections 17.3.5.5, 17.3.5.6, and 17.3.5.8.  The stream of 48 complex numbers generated by these steps is 
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.  The conversion of these into a time domain signal is described in the following table
Table 2 - generation of the signal field
	Modulation Method
	Conversion to Time Domain signal

	20MHz transmission on several transmit chains – iTX’th tx chain
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[image: image22.wmf](),

k

MkP

are defined in section 17.3.5.9.
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 is the first pilot value in the sequence defined in section 17.3.5.9.
20.3.2.1.5   Cyclic shift for the High Throughput preamble

Throughout the high throughput preamble, cyclic shift is applied to prevent unwanted beamforming when similar signals are transmitted on different spatial streams.  The same cyclic shift will be applied to these streams during the transmission of the data portion of the packet.  The values of the cyclic shift to be used during the HT preamble and the data portion of the packet, are specified in Table 20.3.2.1.5.1:
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 values for HT portion of the packet

	Number of spatial streams
	Cyclic shift for Spatial stream 1
	Cyclic shift for spatial stream 2
	Cyclic shift for spatial stream 3
	Cyclic shift for spatial stream 4

	1
	0ns
	-
	-
	-

	2
	0ns
	-400ns
	-
	-

	3
	0ns
	-400ns
	-200ns
	-

	4
	0ns
	-400ns
	-200ns
	-600ns


Table 20.3.2.1.5.1 – Cyclic shift values of HT portion of the packet

20.3.2.1.6 High Throughput Signal Field

The HT-SIG field is used to transmit the packet length, modulation and other parameters to the receiver.  The length of the HT-SIG is 8µsec.  The actual data to be transmitted and the exact modulation are TBD.
20.3.2.1.7  HT Short Training Field

The purpose of the HT Short Training Field is to improve AGC training in a multi-transmit and multi-receive system.  The duration of the HT-STF is 4μsec; the frequency sequence used to construct the HT-STF in 20MHz transmission is identical to legacy STF.  The frequency sequence is: 

For 20MHz:
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The time domain representation of the transmission in the iSSth spatial stream is: 
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The value of 
[image: image27.wmf]¡

is 1 for 20MHz.  The values for 
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are given in Table 1.

20.3.2.1.8   HT-LTF long training field

The HT long training field provides means for the receiver to estimate the channel between each spatial stream transmitter and receive chain; the number of training symbols NLTF is equal or greater than the number of spatial streams and is signaled by HT-SIG (TBD) The first symbol HT-LTF1 is defined in 20.3.2.1.8.1 below; the additional HT-LTF symbols HT-LTF2, HT-LTF3 and HT-LTF4 are defined in 20.3.2.1.8.2.

20.3.2.1.8.1 First HT training symbol - HT-LTF1

HT-LTF1 is the first part of the HT training sequence. The following sequence will be transmitted in the case of 20MHz transmission: 
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Note that this sequence is extension of the legacy LTF where the 4 extra sub-carriers are filled with +1 for negative frequencies and -1 for positive frequencies

The duration of the long training field HT-LTF1 is 4μsec, consisting of a single repetition of the sequence plus GI insertion; in case of multiple spatial streams cyclic shift will be invoked as specified in Table 20.3.2.1.5.1.
The HT-LTF1 for the iss’th spatial stream is
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Where 
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is 1 for 20 MHz.  The values for 
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are given in Table 1.  
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 is used when more than one spatial stream is used.  It is defined in the next section.
20.3.2.1.8.2 Additional HT training symbols HT-LTF2, HT-LTF3, HT‑LTF4

The subsequent HT training symbols use the same sequences as the first symbol HT-LTF1; however for some of the spatial streams the sequence polarity is inverted. The polarity pattern is defined by a 4x4 matrix 
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 represents polarity of the ith spatial stream in the nth HT training symbol.
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Training symbols 2..4 include single repetition of the sequence and single GI. When three spatial streams are used, four LTF's shall be transmitted.  The time domain representation of the waveform transmitted in the ith spatial stream during the nth training symbol (
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) is:
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The value of 
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 is 1 for 20MHz.  The values for 
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are given in Table 20.3.2.1.5.1.
20.3.2.2 RATE-dependent parameters
The rate-dependent parameters for mandatory modes are as given in Table 1 and Table 2.  There is one encoding stream in each mandatory mode.  The rate-dependent parameters for optional modes are given in Tables 003 through TBD (Motion specified modes through Table 008, but not necessarily as a complete list.  Also any remarks on number of encoding streams are bound up in this TBD.)
Table 1—Rate-dependent parameters for mandatory 20 MHz, NSS = 1 (NES = 1) modes

	Modulation & coding scheme index
	Data rate (Mbits/s)
	Modulation
	Code rate

(R)
	Coded bits

per

subcarrier per spatial stream
(NBPSC )
	Number of data sub-carriers (NSD )
	Number of pilots (NSP)
	Coded bits

per MIMO-OFDM

symbol 

(NCBPS )
	Data bits

per MIMO-OFDM

symbol

(NDBPS )

	0
	6.5
	BPSK
	1/2
	1
	52
	4
	52
	26

	1
	13
	QPSK
	1/2
	2
	52
	4
	104
	52

	2
	19.5
	QPSK
	3/4
	2
	52
	4
	104
	78

	3
	26
	16-QAM
	1/2
	4 
	52
	4
	208
	104

	4
	39
	16-QAM
	3/4 
	4 
	52
	4
	208
	156

	5
	52
	64-QAM
	2/3 
	6 
	52
	4
	312
	208

	6
	58.5
	64-QAM
	3/4
	6 
	52
	4
	312
	234

	7
	65
	64-QAM
	5/6
	6 
	52
	4
	312
	260


Table 2—Rate-dependent parameters for mandatory 20 MHz, NSS = 2 (NES = 1) modes

	Modulation & coding scheme index
	Data rate (Mbits/s)
	Modulation
	Code rate

(R)
	Coded bits

per

subcarrier per spatial stream
(NBPSC )
	Number of data sub-carriers (NSD )
	Number of pilots (NSP)
	Coded bits

per MIMO-OFDM

symbol 

(NCBPS )
	Data bits

per MIMO-OFDM

symbol

(NDBPS )

	8
	13
	BPSK
	1/2
	1
	52
	4
	104
	52

	9
	26
	QPSK
	1/2
	2
	52
	4
	208
	104

	10
	39
	QPSK
	3/4
	2
	52
	4
	208
	156

	11
	52
	16-QAM
	1/2
	4 
	52
	4
	416
	208

	12
	78
	16-QAM
	3/4 
	4 
	52
	4
	416
	312

	13
	104
	64-QAM
	2/3 
	6 
	52
	4
	624
	416

	14
	117
	64-QAM
	3/4
	6 
	52
	4
	624
	468

	15
	130
	64-QAM
	5/6
	6 
	52
	4
	624
	520


Table 3—Rate-dependent parameters for optional 20 MHz, NSS = 3 (NES = TBD) modes

	Modulation & coding scheme index
	Data rate (Mbits/s)
	Modulation
	Code rate

(R)
	Coded bits

per

subcarrier per spatial stream
(NBPSC )
	Number of data sub-carriers (NSD )
	Number of pilots (NSP)
	Coded bits

per MIMO-OFDM

symbol 

(NCBPS )
	Data bits

per MIMO-OFDM

symbol

(NDBPS )

	16
	19.5
	BPSK
	1/2
	1
	52
	4
	156
	78

	17
	39
	QPSK
	1/2
	2
	52
	4
	312
	156

	18
	58.5
	QPSK
	3/4
	2
	52
	4
	312
	234

	19
	78
	16-QAM
	1/2
	4
	52
	4
	624
	312

	20
	117
	16-QAM
	3/4
	4
	52
	4
	624
	468

	21
	156
	64-QAM
	2/3
	6
	52
	4
	936
	624

	22
	175.5
	64-QAM
	3/4
	6
	52
	4
	936
	702

	23
	195
	64-QAM
	5/6
	6
	52
	4
	936
	780


Table 4—Rate-dependent parameters for optional 20 MHz, NSS = 4 (NES = TBD) modes

	Modulation & coding scheme index
	Data rate (Mbits/s)
	Modulation
	Code rate

(R)
	Coded bits

per

subcarrier per spatial stream

(NBPSC )
	Number of data sub-carriers (NSD )
	Number of pilots (NSP)
	Coded bits

per MIMO-OFDM

symbol 

(NCBPS )
	Data bits

per MIMO-OFDM

symbol

(NDBPS )

	24
	26
	BPSK
	1/2
	1
	52
	4
	208
	104

	25
	52
	QPSK
	1/2
	2
	52
	4
	416
	208

	26
	78
	QPSK
	3/4
	2
	52
	4
	416
	312

	17
	104
	16-QAM
	1/2
	4
	52
	4
	832
	416

	28
	156
	16-QAM
	3/4
	4
	52
	4
	832
	624

	29
	208
	64-QAM
	2/3
	6
	52
	4
	1248
	832

	30
	234
	64-QAM
	3/4
	6
	52
	4
	1248
	936

	31
	260
	64-QAM
	5/6
	6
	52
	4
	1248
	1040


Table 5—Rate-dependent parameters for optional 40 MHz, NSS = 1 (NES = 1) modes

	Modulation & coding scheme index
	Data rate (Mbits/s)
	Modulation
	Code rate

(R)
	Coded bits

per

subcarrier per spatial stream

(NBPSC )
	Number of data sub-carriers (NSD )
	Number of pilots (NSP)
	Coded bits

per MIMO-OFDM

symbol 

(NCBPS )
	Data bits

per MIMO-OFDM

symbol

(NDBPS )

	0
	13.5
	BPSK
	1/2
	1
	108
	6
	108
	54

	1
	27
	QPSK
	1/2
	2
	108
	6
	216
	108

	2
	40.5
	QPSK
	3/4
	2
	108
	6
	216
	162

	3
	54
	16-QAM
	1/2
	4
	108
	6
	432
	216

	4
	81
	16-QAM
	3/4
	4
	108
	6
	432
	324

	5
	108
	64-QAM
	2/3
	6
	108
	6
	648
	432

	6
	121.5
	64-QAM
	3/4
	6
	108
	6
	648
	486

	7
	135
	64-QAM
	5/6
	6
	108
	6
	648
	540


Table 6—Rate-dependent parameters for optional 40 MHz, NSS = 2 (NES = 1) modes

	Modulation & coding scheme index
	Data rate (Mbits/s)
	Modulation
	Code rate

(R)
	Coded bits

per

subcarrier per spatial stream

(NBPSC )
	Number of data sub-carriers (NSD )
	Number of pilots (NSP)
	Coded bits

per MIMO-OFDM

symbol 

(NCBPS )
	Data bits

per MIMO-OFDM

symbol

(NDBPS )

	8
	27
	BPSK
	1/2
	1
	108
	6
	216
	108

	9
	54
	QPSK
	1/2
	2
	108
	6
	432
	216

	10
	81
	QPSK
	3/4
	2
	108
	6
	432
	324

	11
	108
	16-QAM
	1/2
	4
	108
	6
	864
	432

	12
	162
	16-QAM
	3/4
	4
	108
	6
	864
	648

	13
	216
	64-QAM
	2/3
	6
	108
	6
	1296
	864

	14
	243
	64-QAM
	3/4
	6
	108
	6
	1296
	972

	15
	270
	64-QAM
	5/6
	6
	108
	6
	1296
	1080


Table 7—Rate-dependent parameters for optional 40 MHz, NSS = 3 (NES = TBD) modes

	Modulation & coding scheme index
	Data rate (Mbits/s)
	Modulation
	Code rate

(R)
	Coded bits

per

subcarrier per spatial stream

(NBPSC )
	Number of data sub-carriers (NSD )
	Number of pilots (NSP)
	Coded bits

per MIMO-OFDM

symbol 

(NCBPS )
	Data bits

per MIMO-OFDM

symbol

(NDBPS )

	16
	40.5
	BPSK
	1/2
	1
	108
	6
	324
	162

	17
	81
	QPSK
	1/2
	2
	108
	6
	648
	324

	18
	121.5
	QPSK
	3/4
	2
	108
	6
	648
	486

	19
	162
	16-QAM
	1/2
	4
	108
	6
	1296
	648

	20
	243
	16-QAM
	3/4
	4
	108
	6
	1296
	972

	21
	324
	64-QAM
	2/3
	6
	108
	6
	1944
	1296

	22
	364.5
	64-QAM
	3/4
	6
	108
	6
	1944
	1458

	23
	4055
	64-QAM
	5/6
	6
	108
	6
	1944
	1620


Table 8—Rate-dependent parameters for optional 40 MHz, NSS = 4 (NES = TBD) modes

	Modulation & coding scheme index
	Data rate (Mbits/s)
	Modulation
	Code rate

(R)
	Coded bits

per

subcarrier per spatial stream

(NBPSC )
	Number of data sub-carriers (NSD )
	Number of pilots (NSP)
	Coded bits

per MIMO-OFDM

symbol 

(NCBPS )
	Data bits

per MIMO-OFDM

symbol

(NDBPS )

	24
	54
	BPSK
	1/2
	1
	108
	6
	432
	216

	25
	108
	QPSK
	1/2
	2
	108
	6
	864
	432

	26
	162
	QPSK
	3/4
	2
	108
	6
	864
	648

	17
	216
	16-QAM
	1/2
	4
	108
	6
	1728
	864

	28
	324
	16-QAM
	3/4
	4
	108
	6
	1728
	1296

	29
	432
	64-QAM
	2/3
	6
	108
	6
	2592
	1728

	30
	486
	64-QAM
	3/4
	6
	108
	6
	2592
	1944

	31
	540
	64-QAM
	5/6
	6
	108
	6
	2592
	2160


20.3.2.3 Timing related parameters

Table 010 is a list of timing parameters associated with the MIMO-OFDM PLCP.

Table 010—Timing-related parameters

	Parameter
	Value 
(20 MHz modes)
	Value 
(40 MHz modes)
	Remarks

	NSD : Number of data subcarriers
	52
	108, TBD2
	

	NSP : Number of pilot subcarriers
	4
	6, TBD2
	

	NST : Number of subcarriers, total
	56
	114, TBD2
	NST = NSD + NSP

	NOT: Index of outermost populated subcarrier
	28
	TBD8, TBD2
	

	NSS: Number of spatial streams
	1,2,3,4
	1,2,3,4
	

	∆F: Subcarrier frequency spacing
	0.3125 MHz 
	0.3125 MHz 
	∆F = 20/64 = 40/128 MHz

	TFFT : IFFT/FFT period
	3.2 µs 
	3.2 µs
	TFFT = 1/∆F

	TGI : GI duration
	TBD4 
	TBD4 
	

	TGI2 : Legacy training symbol guard duration
	1.6 µs
	1.6 µs
	

	TSYM : Symbol interval
	TBD4
	TBD4
	(TGI + TFFT )

	TBD7
	
	
	


TBD2: In 40 MHz, the TGnSync 6 Mbps duplicate mode has 96 data tones (11-04-0889r6, Section 11.1.1.5).

TBD4:  WWiSE has 800 ns guard interval.  TGnSync has 800 ns and 400 ns guard intervals.

TBD5:  WWiSE has training depending on number of transmit antennas; TGnSync has training depending on number of spatial streams.  (Hence in either case these are timing-related parameters that need to be included.)

TBD7:  There are possibly other timing-related parameters to be added.

TBD8:  The index of the outermost populated carrier in 40 MHz.
20.3.2.4 Mathematical description of signals
The transmitted signal will be described in a complex base band signal notation. The actual transmitted signal is related to the complex signal by the following relation:
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represents the real part of a complex variable;
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denotes the center frequency of the carrier.

The transmitted baseband signal consists of several fields.  The timing boundaries for the various fields are shown in Figure 3. 
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Figure 3 - PPDU fields boundaries
The time offsets 
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 determines the starting time of the corresponding field.

The signal transmitted on spatial stream 
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 if the packet is in Mixed Mode is
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where
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and
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Each baseband waveform 
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 is defined via the discrete Fourier transform as
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This general representation holds for all fields, which are L-STF, L-LTF, L-SIG, HT-SIG, HT-STF, HT-LTF.  The definition of 
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 is given in section 17.3.2.4.  The frequency domain symbols 
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With this convention, the 
[image: image59.wmf]1/
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 ensures that the total power of the time domain signal as summed over all transmit chains is 1.  The following table summarizes the various values of GOTOBUTTON ZEqnNum311291  \* MERGEFORMAT :

	Field
	NTone
   Field

	
	20 MHz
	40 MHz

	L-STF
	12
	24

	L-LTF
	52
	104

	L-SIG
	52
	104

	HT-SIG
	52
	104

	HT-STF
	12
	24

	HT-LTF
	56
	114


Table 20.3.4.3 - number of tones in each field
20.3.5.5 Convolutional encoder

If CODE_TYPE = 0, TBD1 encoding stream shall be coded with a convolutional encoder that conforms to IEEE 802.11a-1999 subclause 17.3.5.5 for code rates of R = 1/2, 2/3, and 3/4. Additionally, with the same notation as in 17.3.5.5, the code rate of R = 5/6 shall be implemented according to the puncturing pattern illustrated in Figure 018.

TBD1: The proposals differ in the handling of high data rates.  WWiSE uses two encoding streams for 40 MHz, 3 or 4 spatial streams, while TGnSync always has one encoding stream.  In the text above, “TBD” may be replaced by “each” if the WWiSE method is chosen, and “the” if the TGnSync method is chosen.  The term “encoding stream” will be defined separately.
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Figure 018 – An illustration of the bit stealing and bit insertion procedure for R = 5/6
20.3.5.6 Parser and interleaver

20.3.5.6.1   
Parser

TBD2

20.3.5.6.2
Interleaver

After parsing, all encoded bits shall be interleaved by a block interleaver with a block size equal to the number of bits in a single OFDM symbol of a single spatial stream, NCBPIS. The interleaver is defined by the following series of permutations.

We shall denote by k the index of the coded bits after parsing and before interleaving, k  = 0, 1 … NCBPIS-1.  n = 0, 1 … NSS-1 denotes the index of the spatial streams.
The interleaver for spatial stream n within its block of NCBPIS bits is defined by the following relations. 

       i = (NCBPIS/IDEPTH) (k mod IDEPTH) + floor (k/IDEPTH)       k = 0,…,(NCBPIS)-1

       j = s ×floor(i/s) + (i + NCBPIS – floor (IDEPTH × i / NCBPIS)) mod s
s = max(NBPSC/2,1)

       jn = (j + NCBPIS  NBPSC Dn) mod NCBPIS.   





(14)

The parameter Dn, which denotes the shift in subcarriers for spatial stream n, is given by

      Dn =  (2n mod 3 + 3 floor(n/3)) NROT      n = 0, 1, …, NSS-1                         (15)

where NROT takes the values specified in Table 012.

The interleaving depth IDEPTH shall also conform to the values given in Table 012.

Table 012—Interleaving parameters


	
	IDEPTH
	NROT

	20 MHz channels
	13
	11

	40 MHz channels
	18
	29


The deinterleaver for spatial stream n, within its block of NCBPIS bits, which performs the inverse relation, is defined by the following series of permutations.

    kd = mod (m + NCBPIS Dn) mod NCBPIS,                       m = 0,…,NCBPIS-1

    id = s floor(kd / s) + (kd + floor (IDEPTH× kd  / NCBPIS)) mod s

    jdn = IDEPTH × id  (NCBPIS  1) × floor (IDEPTH × id / NCBPIS).










(16)

where s and Dn are as defined for the interleaver.

TBD2:  WWiSE parses successive bits to different spatial streams (11-05-0149r2, Section 20.3.5.6).  TGnSync parses blocks of s = max(Nbpsc/2,1) bits to different spatial streams (11-04-0889r6, Section 11.2.1.8.7).



20.3.5.7.4 LDPCC encoder

For each of the three available codeword blocklengths, the LDPCC supports rate-1/2, rate-2/3, rate-3/4 and rate-5/6 encoding. The LDPCC encoder is systematic, i.e., it encodes an information block of size k, I=(i0,i1,... i(k-1)) into a codeword c of size n, c=(i0,i1,... i(k-1), p0, p1,…, p(n-k-1)), by adding n-k parity bits obtained so that H(cT = 0, where H is an (n-k)xn parity-check matrix. The selection of the codeword blocklength (n) is achieved via the LDPC PPDU encoding process described in subclause 20.3.5.7.3. 


20.3.5.7.5 Parity check matrices

Each of the parity-check matrix can be partitioned into square subblocks (submatrices) of size Z x Z. These submatrices are either cyclic-permutation matrices or null submatrices. The submatrix types (except for the null submatrix) are illustrated in Figure 021. 

The cyclic permutation matrix Pi is obtained from the identity matrix by cyclically shifting the rows to the right by i elements. The matrix P0 is the identity matrix. Figure 021 illustrates examples (for a subblock size of 8 x 8) of cyclic-permutation matrices Pi. 
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Figure 021 – Types of subblock matrices.  The matrix Pi is produced by cyclically shifting the rows of the identity matrix to the right by i places.

Table A.1 of Annex A displays the “matrix prototypes” of parity-check matrices for all four encoder rates at blocklength n=648 bits. The integer i denotes the cyclic-permutation matrix Pi, as illustrated in Figure 021. Vacant entries of the table denote null (zero) submatrices. 

Table A.2 of Annex A displays the matrix prototypes of parity-check matrices for blocklength n=1296 bits, in the same fashion.
Table A.3 of Annex A displays the matrix prototypes of parity-check matrices for blocklength n=1944 bits, in the same fashion.
20.3.5.8  Pilot subcarriers
In 20 MHz operation, four of the subcarriers are dedicated to pilot signals.  These pilot signals shall be put in subcarriers -21, -7, 7, and 21.
In 40 MHz operation, six of the subcarriers are dedicated to pilot signals.  These pilot signals shall be put in subcarriers -53, -25, -11, 11, 25, and 53.
20.3.5.10 OFDM Modulation and Space-Time Processing

The time domain signal will be composed from the stream of complex numbers
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that results from mapping the outputs of the coder, spatial parser, and interleaver to QAM constellations, and from the pilot signals.   In the case of 40MHz transmission the upper sub-carriers are 90° rotated. 
20.3.5.10.1  Space-Time Processing

Generation of a vector of spatially processed data symbols to be transmitted on a set of 
[image: image64.wmf]Tx
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 transmit antennas is described here in the frequency domain in terms of the operations that take place in each subcarrier.  Two forms of space-time processing are supported: 

Space-time block coding

Linear spatial mapping

The transmitter processing for space-time block coding and linear spatial mapping is shown in Figure 1.
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Figure 1:  Transmitter Space-Time processing
20.3.5.10.1.1 Space-Time Block Coding (STBC)

This subclause defines a set of robust transmission rates that are applicable when NTX is greater than NSS. These rates are based either on Space-Time Block Coding (STBC) or hybrid STBC / Spatial-Division-Multiplexing (SDM) schemes. The implementation of all modes defined in this subclause is TBD1. When the use of STBC is indicated (reference to HT-SIG definition) a symbol operation shall occur between the modulator and the IFFT (reference to figure with entire TX chain) as defined in this clause, further adhering to all other requirements for the indicated MCS.







As stated above, the complex symbol transmitted on spatial stream 
[image: image70.wmf]i

 of subcarrier 
[image: image71.wmf]k

 of OFDM symbol 
[image: image72.wmf]n

 is denoted 
[image: image73.wmf],,

kin

d

.  Space-time block coding and hybrid space-time block coding/spatial division multiplexing requires processing modulation symbols over two sequential OFDM symbols, in each subcarrier.  The output symbols resulting from this operation on output space-time stream 
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 are defined in Table 1 for the supported space-time block coding and hybrid modes..

Since space-time block coding requires processing on sequential pairs of OFDM symbols, the HT-Data field shall consist of an even number of OFDM symbols when space-time block coding is in use.
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20.3.5.10.1.2  Linear Spatial Processing

Linear spatial processing shall be performed on the output symbols of the space-time block coding described in the previous section, given by 
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 as define in 
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.  If space-block coding is not performed, then  GOTOBUTTON ZEqnNum577297  \* MERGEFORMAT  shall be defined by 
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Linear spatial processing shall be defined as a linear transformation of the vector of modulation symbols that is to be transmitted in a given subcarrier, as follows:
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where:

· 
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 diagonal cyclic delay matrix which represents the cyclic delay in the frequency domain.  The diagonal values are given by 
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 are given in Table 20.3.2.1.5.1.
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 antenna mapping matrix.  This may be 

· [TBD7] the identity matrix, for direct-mapped operation

· another mapping matrix for spatial spreading operation as specified in section [TBD3]. 

· a channel-specific steering matrix such as a set of channel eigenvectors as specified in section [TBD4].

· 
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 is the 
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-vector of transmitted symbols in subcarrier 
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 of OFDM symbol 
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· If the PPDU is not in (an optional) beamforming mode, the time domain channel between any spatial mapper input and any transmit chain input, induced by the frequency dependence in the matrix 
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, shall not exceed 600 ns.
20.3.5.10.1.2.1  20MHz HT transmission
For the 20 MHz mode, the transmitted signal on antenna 
[image: image161.wmf]l

 is:
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z is 3 in a mixed mode packet and 2 in a [TBD8] Green Field Packet.  

M(k) in the 20MHz case is 
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· The generation of the pilot symbols, 
[image: image164.wmf],,
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, is [TBD5].  
20.3.5.10.1.2.2  Transmission in 40MHz HT mode
For the 40MHz mode, the signal on antenna 
[image: image165.wmf]l

 is:
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where z is 3 in a mixed mode packet and 2 in a [TBD8] Green Field Packet, and M(k) is given below: 
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 is [TBD6] for 40 MHz operation
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· The generation of the pilot symbols, 
[image: image168.wmf],,
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, is [TBD5]. 

It should be noted that the 90º rotation that is applied to the upper part of the 40MHz channel is applied in the same fashion as for the HT-STF, HT-LTF and HT-SIG.  The rotation applies to both pilots and the data in upper part of the 40MHz channel.
Notes:

TBD1: Open decision whether STBC is mandatory or optional at the transmitter and/or receiver.


TBD2: Open decision whether STBC should be usable with extended MCS set.
TBD3: Further specification of spatial spreading matrices is an open decision.

TBD4: Further specification of beamforming matrices is an open decision.
TBD5: Generation of pilot symbols, particularly whether they should be generated using STBC when the data tones are generated using STBC, is an open decision.

TBD7: Agreement on inclusion of direct-mapped mode is TBD

TBD8: Green Field format is under discussion
Annex A – LDPC Matrix Definitions

(normative)

Table A.1 
Matrix prototypes of parity-check matrices for blocklength n= 648 bits. 
Subblock size is Z= 27 bits.

(a)
Encoder rate R= 1/2.
 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  1  0  -  -  -  -  -  -  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  0  0  -  -  -  -  -  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  0  0  -  -  -  -  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  0  0  -  -  -  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  -  0  0  -  -  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  -  -  0  0  -  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  0  -  -  -  -  -  0  0  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  -  -  -  -  0  0  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  -  -  -  -  -  0  0  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  -  -  -  -  -  -  0  0  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  -  -  -  -  -  -  -  0  0 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  1  -  -  -  -  -  -  -  -  -  -  0

(b)

Encoder rate R= 2/3.

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  1  0  -  -  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  0  0  -  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  0  0  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  0  0  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  0  -  -  -  0  0  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  -  -  0  0  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  -  -  -  0  0 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  1  -  -  -  -  -  -  0

(c)

 Encoder rate R= 3/4.

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  1  0  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  0  0  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  0  0  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  0  -  -  0  0  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  -  0  0 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  1  -  -  -  -  0

(d)

Encoder rate R= 5/6.

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  1  0  -  -

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  0  0  -

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  0  -  0  0

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  1  -  -  0

Table A.2 
Matrix prototypes of parity-check matrices for blocklength n= 1296 bits. 
Subblock size is Z= 54 bits.

(a)
Encoder rate R= 1/2.
 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  1  0  -  -  -  -  -  -  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  0  0  -  -  -  -  -  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  0  0  -  -  -  -  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  0  0  -  -  -  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  -  0  0  -  -  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  -  -  0  0  -  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  0  -  -  -  -  -  0  0  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  -  -  -  -  0  0  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  -  -  -  -  -  0  0  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  -  -  -  -  -  -  0  0  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  -  -  -  -  -  -  -  0  0 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  1  -  -  -  -  -  -  -  -  -  -  0

(b)

Encoder rate R= 2/3.

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  1  0  -  -  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  0  0  -  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  0  0  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  0  0  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  0  -  -  -  0  0  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  -  -  0  0  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  -  -  -  0  0 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  1  -  -  -  -  -  -  0

(c)

 Encoder rate R= 3/4.

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  1  0  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  0  0  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  0  0  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  0  -  -  0  0  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  -  0  0 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  1  -  -  -  -  0

(d)

Encoder rate R= 5/6.

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  1  0  -  -

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  0  0  -

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  0  -  0  0

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  1  -  -  0

Table A.3 
Matrix prototypes of parity-check matrices for blocklength n=1944 bits. 
Subblock size is Z = 81 bits.

(a)
Encoder rate R= 1/2.
 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  1  0  -  -  -  -  -  -  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  0  0  -  -  -  -  -  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  0  0  -  -  -  -  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  0  0  -  -  -  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  -  0  0  -  -  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  -  -  0  0  -  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  0  -  -  -  -  -  0  0  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  -  -  -  -  0  0  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  -  -  -  -  -  0  0  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  -  -  -  -  -  -  0  0  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  -  -  -  -  -  -  -  0  0 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  1  -  -  -  -  -  -  -  -  -  -  0

(b)

Encoder rate R= 2/3.

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  1  0  -  -  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  0  0  -  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  0  0  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  0  0  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  0  -  -  -  0  0  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  -  -  0  0  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  -  -  -  0  0 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  1  -  -  -  -  -  -  0

(c)

 Encoder rate R= 3/4.

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  1  0  -  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  0  0  -  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  0  0  -  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  0  -  -  0  0  - 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  -  -  -  0  0 

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  1  -  -  -  -  0

(d)

Encoder rate R= 5/6.

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  1  0  -  -

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  -  0  0  -

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  0  -  0  0

 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3 X3  1  -  -  0

1. The number of non-null entries in each matrix prototype does not exceed 88.  The row weights are constrained to have at most 2 consecutive values, n-1 and n, where n does not exceed the following values for each of the four code rates: rate ½: 8; rate 2/3: 11; rate ¾: 15; rate 5/6: 22.
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