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Abstract

In this document, the multiple-input multiple-output (MIMO) orthogonal frequency division multiplexing (OFDM) physical layer (PHY) is proposed for the high throughput wireless local area networks (WLAN). The key points in the proposal are:

· OFDM modulation over 40MHz channel with FFT size of 128;
· Peak data rate of 216 Mbps;

· 2×2 MIMO supporting both spatial multiplexing and orthogonal STBC in mandatory mode;
· 4×2 MIMO from access point to terminal station (downlink) supporting groupwise STBC (GSTBC), orthogonal STBC, antenna beamforming, and antenna selection in optional mode;

· Linear pre-transform in both frequency and spatial domain to exploit the frequency and spatial diversities;

· Efficient training signal design (preambles) that supports robust frequency and timing synchronization and channel estimation;

· Bit-interleaved coded modulation (BICM) with K=7 convolutional code as mandatory mode, and low-density parity check (LDPC) code as optional mode;

· Backward compatible with IEEE 802.11a;

· Support of concurrent transmissions of two 11a signals in downlink with novel subcarrier arrangement.
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Definitions, symbols and abbreviations

Definitions

Parallel Stream: The independent data stream carrying different information that are processed (scrambled and FEC encoded) and transmitted through different antennas.
Symbols

Abbreviations

CONV

Convolutional Code

CP

Cyclic Prefix

FDM

Frequency Division Multiplexing

FFT

Fast Fourier Transform

GI

Guard Interval

GSTBC

Groupwise Space-Time Block Code

IFFT

Inverse Fast Fourier Transform

LDPC

Low-Density Parity Check

MIMO

Multiple-Input Multiple-Output

OFDM

Orthogonal Frequency Division Multiplexing

PSK

Phase Shift Keying

PT

Pre-Transform

QAM

Quadrature Amplitude Modulation

SM

Spatial Multiplexing

STBC

Space-Time Block Code

1. Introduction

This proposal specifies the physical layer (PHY) entity for the high throughput wireless local area network (LAN). An orthogonal frequency division multiplexing (OFDM) system employing multiple antennas at both the transmitter and the receiver (otherwise known as multiple-input multiple-output or MIMO-OFDM) is specified. The PHY layer is backward compatible with IEEE Std 802.11a-1999 PHY.

The radio frequency LAN system uses a 40MHz bandwidth, providing a wireless LAN with data payload communication capabilities of 12, 18, 24, 36, 48, 72, 96, 108, 144, 192, and 216 Mbit/s and all the data rates supported by IEEE Std 802.11a-1999 using a bandwidth of 20MHz. The support of transmitting and receiving at data rates of 12, 24, 48, 96 and 216 Mbps is mandatory. 

The system uses 104 subcarriers that are modulated using binary or quadrature phase shift keying (BPSK/QPSK), 16-quadrature amplitude modulation (QAM), or 64-QAM. Bit-interleaved coded modulation (BICM) is used with the forward error correction (FEC) coding rate of 1/2, 2/3, or 3/4. Two FEC coding schemes are specified, with the convolutional code (CONV) as the mandatory mode, and low density parity check (LDPC) code optional. The bit interleaver is implemented in both the frequency and spatial domain. To further exploit the frequency and spatial domain diversities, a two-dimensional linear pre-transform is applied before the OFDM modulation. 
Two antennas shall be implemented at the terminal station and two or four antennas shall be implemented at the access point (AP). Support of two antennas at both the AP and the station is mandatory (hereafter referred as 2×2), and four antennas at the AP is optional (hereafter referred as 4×2). For the 2×2 MIMO-OFDM system, both the transmitting and receiving devices shall support the spatial multiplexing (SM) transmission mode, and the orthogonal space-time block code (STBC) mode. The STBC shall fulfil the features as given in [1]. For the 4×2 MIMO-OFDM system, the transmitting and receiving devices shall support the group-wise STBC (GSTBC) mode the orthogonal STBC mode, beamforming mode, and antenna selection mode. The STBC shall follow the orthogonal design for four transmit antennas as given in [2]. 
A total of 12 efficient training signals (preambles) are used, among which 8 are short preambles to provide robust timing and coarse frequency synchronization, and 4 are long preambles to provide robust channel estimation and fine frequency synchronization. The preamble will occupy 20 μs, equivalent to 5 OFDM symbols.

1.1 Scope
This sub-clause describes the PHY services provided to the IEEE 802.11n medium access control (MAC) sub-layer, The MIMO-OFDM PHY layer consists of two protocol functions, as follows:

a) A PHY convergence function, which adapts the capabilities of the physical medium dependent (PMD) system to the PHY service. This function is supported by the physical layer convergence procedure (PLCP), which defines a method of mapping the IEEE 802.11n PHY sublayer service data units (PSDU) into a framing format suitable for sending and receiving user data and management information between two or more stations using the associated PMD system.

b) A PMD system whose function defines the characteristics and method of transmitting and receiving data through a wireless medium between two or more stations, each using the MIMO-OFDM system.
In this partial proposal, we will focus on the functions in the MIMO-OFDM PLCP sublayer. 
2. MIMO-OFDM PLCP Sublayer

2.1 Introduction

This subclause provides a convergence procedure in which PSDUs are converted to and from PPDUs. During transmission, the PSDU shall be provided with a PLCP preamble and header to create the PPDU. At the receiver, the PLCP preamble and header are processed to aid in demodulation and delivery of the PSDU.

The IEEE 802.11n shall support a MIMO structure. Implementation of two antennas at both the transmitter and the receiver is mandatory. Optionally, four antennas can be implemented at the access point and two antennas be implemented at the station. 

2.2 PLCP Frame Format

Figure 1 shows the format for the PPDU including the MIMO-OFDM PLCP preamble, MIMO-OFDM PLCP header, PSDU, tail bits, and pad bits. The PLCP header contains the following fields: LENGTH, RATE, a reserved bit, an even parity bit, SERVICE, and the tail bits. In terms of modulation, the LENGTH, RATE, reserved bit, parity bit, and 6 “zero” tail bits constitute a separate single OFDM symbol, denoted SIGNAL, which is transmitted with the most robust combination of BPSK modulation, a convolutional code with coding rate of  R = ½, and orthogonal STBC. The SERVICE field of the PLCP header and the PSDU (with 6 “zero” tail bits and pad bits appended in each parallel stream when convolutional code is used and only pad bits appended when LDPC code is used), denoted as DATA, are transmitted at the data rate described in the RATE field and may constitute multiple OFDM symbols. The tail bits in the SIGNAL symbol enable decoding of the RATE and LENGTH fields immediately after the reception of the tail bits. The RATE and LENGTH are required for decoding the DATA part of the packet.
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Figure 1 - PPDU frame format
2.2.1 Overview of the PPDU encoding process

The encoding process is composed of many detailed steps, which are described fully in later subclauses, as noted below. The following overview intends to facilitate understanding the details described in these subclauses:

a) Produce the PLCP preamble field, composed of eight repetitions of a “short training sequence” (used for AGC convergence, timing and coarse frequency acquisition in the receiver) and four repetitions of a “long training sequence” (used for channel estimation and fine frequency acquisition in the receiver), preceded by a guard interval (GI). Refer to 2.3 for details. 

b) Produce the PLCP header field from the RATE, LENGTH, and SERVICE fields of the TXVECTOR by filling the appropriate bit fields. The PLCP header are encoded by a convolutional code at a rate of R = 1/2, and are subsequently mapped onto two BPSK STBC-encoded OFDM symbol, denoted as the SIGNAL symbols. In order to facilitate a reliable and timely detection of the PLCP header, 6 “zero” tail bits are inserted into the PLCP header. The encoding of the SIGNAL field into two STBC-OFDM symbols follows the same steps for convolutional encoding, interleaving, BPSK modulation, pilot insertion, Fourier transform, prepending a GI, and time-domain STBC encoding, as described subsequently for data transmission at 12 Mbit/s. The contents of the SIGNAL field are not scrambled. Refer to 2.4 for details.
c) Calculate from RATE field the transmission scheme in use (IEEE 802.11a compliant or IEEE 802.11n compliant), the number of antennas in use from the transmitter (2 or 4), the transmission mode (one STBC encoded single stream, or two parallel streams), the beamforming or antenna selection is in use or not for the 4 transmit antenna setup,  the number of data bits per OFDM symbol (NDBPS), the coding rate (R), the FEC (CONV or LDPC) scheme used, the number of bits in each OFDM subcarrier (NBPSC), and the number of coded bits per OFDM symbol (NCBPS). Refer to 2.4.1 for details.

d) When SM or GSTBC is used, the PSDU will be de-multiplexed into two parallel streams, each with equal length (when the number of bits in the PSDU is even) or differ by one bit (when the number of bits in the PSDU is odd).

e) The PSDU in each parallel stream shall be extended with “zero” bits (at least 6 bits when CONV is used) so that the resulting length will be a multiple of NDBPS (for 2×2 STBC and 4×2  GSTBC mode, an even multiple of NDBPS, for 4×2  STBC mode, a multiple of 4×NDBPS). The resulting bit strings constitutes the DATA part of the packet. Refer to 2.5.1 and 2.5.2 for details.
f) Initiate the scrambler in each parallel stream with a pseudorandom non-zero seed, generate a scrambling sequence, and XOR it with the extended string of data bits. Refer to 2.5.3 for details.
g) When convolutional code is used, replace the six scrambled “zero” bits following the “data” in each parallel stream with six non-scrambled “zero” bits. (Those bits return the convolutional encoder to the “zero state” and are denoted as “tail bits.”). Refer to 2.5.1.1 for details.
h) In each parallel stream, encode the extended, scrambled data string with the FEC code (CONV or LDPC). Omit (puncture) some of the encoder output string (chosen according to “puncturing pattern”) to reach the desired “coding rate” when CONV is used. Refer to 2.5.4 for details. 

i) Perform a two-dimensional (2D) interleaver (reordering) of the coded bits from the parallel streams according to a rule corresponding to the desired RATE. Refer to 2.5.5 for details.

j) Divide the resulting coded and interleaved data string into groups of NCBPS bits in each parallel stream. For each of the bit groups, convert the bit group into a complex number according to the modulation encoding tables. Refer to 2.5.6 for details.
k) Divide the complex number string into groups of 96 complex numbers for each parallel stream. Each such group from the parallel streams will be applied a linear pre-transform, according to 2.5.8. The output from the linear transform will be numbered 0 to 95 and mapped hereafter into OFDM subcarriers numbered -52 to -48, -46 to -34, -32 to -27, -26 to -21, -19 to -7, -5 to -1, 1 to 5, 7 to 19, 21 to 26, 27 to 32, 34 to 46, and 48 to 52. The subcarriers -47, -33, -20, -6, 6, 20, 33, and 47 are skipped and, subsequently, used for inserting pilot subcarriers. The “0” subcarrier, associated with center frequency, are omitted and filled with zero value. The subcarriers between -27 to -26 and between 26 and 27 are reserved subcarriers used for noise variance estimation. They are also omitted and filled with zero value. Refer to 2.5.9 for details.
l) Eight subcarriers are inserted as pilots into positions -47, -33, -20, -6, 6, 20, 33, and 47. Please refer to 2.5.7 for details. So the total number of the subcarriers is 104 (96 + 8), and they are converted to time domain through inverse Fourier transform. Refer to 2.5.9 for details.
m) Prepend to the Fourier-transformed waveform a circular extension of itself thus forming a GI, and truncate the resulting periodic waveform to a single OFDM symbol length by applying time domain windowing. Refer to 2.5.9 for details.
n) Apply STBC encoding, or beamforming according to the transmission mode. Refer to 2.5.8, 2.6.2 and 2.6.5 for details.

o) Append the OFDM symbols one after another, starting after the SIGNAL symbol describing the RATE and LENGTH. Refer to 2.2 for details.
p) Up-convert the resulting “complex baseband” waveform to an RF frequency according to the center frequency of the desired channel and transmit
2.2.2 Rate-dependent parameters

The data rates 6, 9, 12, 18, 24, 36, 48, 54 Mbit/s are supported via the legacy mode as specified in IEEE Std 802.11a-1999. Six additional data rates are provided through the use of a 40MHz bandwidth using 2 receive antennas. The modulation parameters dependent on the data rate used shall be set according to Table 1 when 2 ×2 SM MIMO-OFDM is used. This is also the mandatory mode the station shall support.

When 2 ×2 STBC MIMO-OFDM is used, the modulation parameters dependent on the data rate used shall be set according to Table 2; When 4 ×2 GSTBC MIMO-OFDM is used, the modulation parameters dependent on the data rate used shall be set according to Table 3; When 4 ×2 STBC MIMO-OFDM is used, the modulation parameters dependent on the data rate used shall be set according to Table 4.
Table 1 - Rate-dependent parameters for 2×2 SM MIMO-OFDM

	Data rate (Mbps)
	Modulation
	Coding rate

(R)
	Coded bits per subcarrier (NBPSC)
	Coded bits per OFDM symbol (NCBPS)
	Data bits per OFDM symbol (NDBPS)
	Coded bits per MIMO-OFDM symbol

(NMCBPS) 
	Data bits per MIMO-OFDM symbol

(NMDBPS)

	24
	BPSK
	1/2
	1
	96
	48
	192
	96

	36
	BPSK
	3/4
	1
	96
	72
	192
	144

	48
	QPSK
	1/2
	2
	192
	96
	384
	192

	72
	QPSK
	3/4
	2
	192
	144
	384
	288

	96
	16-QAM
	1/2
	4
	384
	192
	768
	384

	144
	16-QAM
	3/4
	4
	384
	288
	768
	576

	192
	64-QAM
	2/3
	6
	576
	384
	1152
	768

	216
	64-QAM
	3/4
	6
	576
	432
	1152
	864


Table 2 - Rate-dependent parameters for 2×2 STBC MIMO-OFDM

	Data rate (Mbps)
	Modulation
	Coding rate

(R)
	Coded bits per subcarrier (NBPSC)
	Coded bits per OFDM symbol (NCBPS)
	Data bits per OFDM symbol (NDBPS)
	Coded bits per MIMO-OFDM symbol

(NMCBPS) 
	Data bits per MIMO-OFDM symbol

(NMDBPS)

	12
	BPSK
	1/2
	1
	96
	48
	96
	48

	18
	BPSK
	3/4
	1
	96
	72
	96
	72

	24
	QPSK
	1/2
	2
	192
	96
	192
	96

	36
	QPSK
	3/4
	2
	192
	144
	192
	144

	48
	16-QAM
	1/2
	4
	384
	192
	384
	192

	72
	16-QAM
	3/4
	4
	384
	288
	384
	288

	96
	64-QAM
	2/3
	6
	576
	384
	576
	384

	108
	64-QAM
	3/4
	6
	576
	432
	576
	432


Table 3 - Rate-dependent parameters for 4×2 GSTBC MIMO-OFDM

	Data rate (Mbps)
	Modulation
	Coding rate

(R)
	Coded bits per subcarrier (NBPSC)
	Coded bits per OFDM symbol (NCBPS)
	Data bits per OFDM symbol (NDBPS)
	Coded bits per MIMO-OFDM symbol

(NMCBPS) 
	Data bits per MIMO-OFDM symbol

(NMDBPS)

	24
	BPSK
	1/2
	1
	96
	48
	192
	96

	36
	BPSK
	3/4
	1
	96
	72
	192
	144

	48
	QPSK
	1/2
	2
	192
	96
	384
	192

	72
	QPSK
	3/4
	2
	192
	144
	384
	288

	96
	16-QAM
	1/2
	4
	384
	192
	768
	384

	144
	16-QAM
	3/4
	4
	384
	288
	768
	576

	192
	64-QAM
	2/3
	6
	576
	384
	1152
	768

	216
	64-QAM
	3/4
	6
	576
	432
	1152
	864


Table 4 - Rate-dependent parameters for 4×2 STBC MIMO-OFDM

	Data rate (Mbps)
	Modulation
	Coding rate

(R)
	Coded bits per subcarrier (NBPSC)
	Coded bits per OFDM symbol (NCBPS)
	Data bits per OFDM symbol (NDBPS)
	Coded bits per MIMO-OFDM symbol

(NMCBPS) 
	Data bits per MIMO-OFDM symbol

(NMDBPS)

	12
	BPSK
	1/2
	1
	96
	48
	96
	48

	18
	BPSK
	3/4
	1
	96
	72
	96
	72

	24
	QPSK
	1/2
	2
	192
	96
	192
	96

	36
	QPSK
	3/4
	2
	192
	144
	192
	144

	48
	16-QAM
	1/2
	4
	384
	192
	384
	192

	72
	16-QAM
	3/4
	4
	384
	288
	384
	288

	96
	64-QAM
	2/3
	6
	576
	384
	576
	384

	108
	64-QAM
	3/4
	6
	576
	432
	576
	432


2.2.3 Timing related parameters

Table 5 - Timing-related parameters

	Parameters
	Value

	NSD: Number of data subcarriers 
	96

	NSP: Number of pilot subcarriers 
	8

	NST: Number of subcarriers, total 
	104 (NSD+ NSP)

	F: Subcarrier frequency spacing 
	0.3125 MHz (= 40 MHz/128)

	TFFT: IFFT/FFT period 
	3.2µs (1/∆F)

	TPREAMBLE: PLCP preamble duration
	20µs (TSHORT+ TLONG)

	TSIGNAL: Duration of the SIGNAL BPSK-OFDM symbol
	8.0µs (2×(TGI+ TFFT))

	TGI: GI duration 
	0.8µs (TFFT/4)

	TSYM: Symbol interval 
	4µs (TGI+ TFFT)

	TSHORT: Short training sequence duration 
	6.4µs (8× TFFT/4)

	TLONG: Long training sequence duration 
	13.6µs (TGI+ 4×TFFT)


2.2.4 Mathematical conventions in the signal description

The transmitted signals will be described in a complex baseband signal notation. The actual transmitted signal is related to the complex baseband signal by the following relation:
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where

Re(.) represents the real part of a complex variable;

fc denotes the carrier center frequency.

The transmitted baseband signal is composed of contributions from several OFDM symbols.


[image: image3.wmf])

 

 t

-

(t 

 

r

 

 

)

 

 t

-

(t

 

r

 

 

(t)

 

r

 

 

(t)

 

r

DATA

DATA

SIGNAL

SIGNAL

PREAMBLE

PACKET

+

+

=


(2)

The subframes of which Equation (2) are composed are described in 2.3, 2.4, and 2.5.9. The time offsets 
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All the subframes of the signal are constructed as an inverse Fourier transform of a set of coefficients, Ck, with Ck defined later as data, pilots, or training symbols in 2.3 through 2.5.
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The parameters F and NST are described in Table 5. The resulting waveform is periodic with a period of TFFT = 1/∆F. Shifting the time by TGUARD creates the “circular prefix” used in OFDM to avoid ISI from the previous frame. Two kinds of TGUARD are defined: 0 µs for the short training sequence, TGI  for both the long training sequence and for data OFDM symbols  (Refer to Table 5.) The boundaries of the subframe are set by a multiplication by a time-windowing function, 
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which is defined as a rectangular pulse, wT(t), of duration T, accepting the value
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. The time-windowing function, wT(t), depending on the value of the duration parameter, T, may extend over more than one period, TFFT. In particular, window functions that extend over multiple periods of the Fast Fourier Transform (FFT) are utilized in the definition of the preamble. 
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2.2.5 Discrete time implementation consideration

Two modes of mapping the 96 complex numbers in an OFDM symbol can be implemented. The mandatory mode treats the 96 complex numbers as two 52 IEEE Std 802.11a-1999 PHY compliant OFDM symbols. This allows concurrent transmission to 2 IEEE Std 802.11a-1999 PHY devices. To achieve this compatibility, 11 nulls are inserted around the DC.

The optional mode inserts one null at the DC. This allows a larger guard band and eases the requirements of the upsampling and downsampling filters.
The following descriptions of the discrete time implementation are informational. Both the mandatory and optional modes are described.
2.2.5.1 Mandatory

The common way to implement the inverse Fourier transform, as shown in Equation (3), is by an inverse Fast Fourier Transform (IFFT) algorithm. The coefficients 1 to 26 are mapped to IFFT inputs 6 to 31, the coefficients 27 to 52 are mapped to IFFT inputs 33 to 58, the coefficients -52 to -27 are mapped to IFFT inputs 70 to 95, and the coefficients -26 to -1 are mapped to IFFT inputs 97 to 122. The rest of the inputs, 0 to 5, 59 to 69, 123 to 128, the 32 and 96 (reserved for noise variance calculations) inputs are set to zero. This mapping is illustrated in Figure 2. After performing an IFFT, the output is cyclically extended to the desired length.
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Figure 2 - Subcarrier arrangement of mandatory mode
2.2.5.2 Optional
Alternatively, the subcarrier assignment can be implemented as follows. The coefficients 1 to 26 are mapped to the same numbered IFFT inputs, while the coefficients 27 to 52 are mapped to IFFT inputs 28 to 53, the coefficients -52 to -27 are mapped to IFFT inputs 75 to 100, and the coefficients -26 to -1 are mapped to IFFT inputs 102 to 127. The rest of the inputs, 54 to 74, the 0 (dc) input, the 27 and 101 (reserved for noise variance calculation)  inputs are set to zero. This mapping is illustrated in Figure 3. After performing an IFFT, the output is cyclically extended to the desired length.
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Figure 3 - Subcarrier arrangement of optional mode
2.3 PLCP preamble (SYNC)

The PLCP preamble is used for synchronization. It comprises the short training preamble (SP) and the long training preamble (LP). The short training preamble consists of 8 short symbols and the long training preamble of 4 long symbols at each transmit antenna. They are shown in Figure 4 and described in this subclause.


[image: image13]
Figure 4 - OFDM training structure at each transmit antenna
Figure 4 shows the OFDM training structure, where SP1 to SP8 denote short training preambles and LP1 to LP4 long training preambles. They are followed by two signal field symbols (SF1 and SF2) and then the data symbols (Data 1, Data 2, (). The total training length is 20µs. The dashed boundaries around the short training preamble in the figure denote repetition due to periodicity of the inverse Fourier transform.

2.3.1 Preambles for the Mandatory Mode Subcarrier Arrangement

For the mandatory mode subcarrier arrangement, a short training OFDM symbol consists of 26 subcarriers, which are modulated by the elements of the sequence S, given by
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The factor 
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 is for normalization of the average power in the resulting OFDM symbol which utilizes 24 out of 104 subcarriers. The signal shall be generated in the time domain according to the following equation:
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(5)
The fact that only spectral lines of S-59:59 with indices that are a multiple of 4 have nonzero amplitude results in a periodicity of TFFT/4 = 0.8µs. The interval TSHORT is equal to eight 0.8µs periods (i.e. 6.4µs). The short training preamble is the same for every transmit antenna. Generation of the short training sequence at each transmit antenna is illustrated in Annex A.
Unlike the short training preamble, the long training preamble is different for different antennas, although the same structure as in Figure 4 is adopted. The long training preamble at each antenna is composed of 4 long symbols. They are non-repetitive, and share one common cyclic prefix CP2 for all transmit antennas. Each long symbol is the result of either the sum or difference of two sequences L and P. The sequence L for the mandatory mode subcarrier arrangement is represented in the time domain as
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The sequence P in the frequency domain is described as
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from which its time domain counterpart can be generated according to the equation
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(6)
where the interval TLONG is equal to 3.2µs. The long training symbols at each time (OFDM symbol index) and space (transmit antenna index) is of 3.2µs duration and is constructed based on Table 6.
Table 6 - Construction of long preamble for mandatory mode subcarrier arrangement
	
	Space (transmit antenna index)

	
	1
	2
	3
	4

	Time (OFDM symbol index)
	1
	P+L
	P+L
	P+L
	P+L

	
	2
	P+L
	P-L
	P+L
	P-L

	
	3
	P+L
	P+L
	P-L
	P-L

	
	4
	P+L
	P-L
	P-L
	P+L


The last 32 values of each long symbol at each transmit antenna at different time is equal to the values in the cyclic prefix which is of 0.8µs duration and represented in the time domain as
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An illustration of the long training preamble generation is given in Annex B.
It is interesting to note that for the mandatory mode of the subcarrier arrangement:

1. The imaginary part of the two sequences P+L and P-L are identical and has the property 
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for n=0,1,2,…31.

2. The last 32 values of the two sequences P+L and P-L are identical to the cyclic prefix (CP2). Therefore no explicit cyclic prefix is required for individual long symbol except the first one in each transmit antenna as depicted in Figure 4.
2.3.2 Preambles for the Optional Mode Subcarrier Arrangement

The counterparts for the optional mode subcarrier arrangement are given below:


[image: image22.wmf]j}

0,0,0,1

     

j,

-

0,0,0,-1

    

j,

0,0,0,1

   

j,

-

0,0,0,-1

    

j,

0,0,0,1

     

j,

-

0,0,0,-1

     

j,

-

0,0,0,-1

     

j,

0,0,0,1

    

j,

0,0,0,1

    

j,

0,0,0,1

     

j,

0,0,0,1

    

j,

0,0,0,1

      

j,

0,0,0,1

       

0,0,0,0

       

j

0,0,0,1

     

j,

-

0,0,0,-1

    

j,

-

0,0,0,-1

    

j,

0,0,0,1

     

j,

-

0,0,0,-1

     

j,

-

0,0,0,-1

    

j,

0,0,0,1

   

j,

0,0,0,1

     

j,

-

0,0,0,-1

   

j,

-

0,0,0,-1

    

j,

-

0,0,0,-1

     

j,

0,0,0,1

     

j,

1

       

{

2

S

52

:

52

-

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

´

=



[image: image23.wmf]0}

     

          

0,

  

          

0,

     

          

0,

   

          

0,

   

          

0,

      

          

0,

    

          

0,

         

0,

     

          

0,

  

          

0,

     

          

0,

   

          

0,

   

          

0,

      

          

0,

    

          

0,

         

0,

     

          

0,

  

          

0,

     

          

0,

   

          

0,

   

          

0,

      

          

0,

    

          

0,

         

0,

     

          

0,

  

          

0,

     

          

0,

   

          

0,

   

          

0,

      

          

0,

    

          

0,

         

1.627,

-

        

0.750

-

     

1.736

        

0.889,

-

    

0.343,

-

    

1.893,

         

0.992,

-

      

0.989,

-

0.482,

        

1.047,

      

0.857,

        

0.046,

      

0.853,

     

0.234,

-

       

0.189,

       

0.786,

  

0.356,

-

      

0.505,

      

0.118,

        

1.370,

      

0.971,

     

1.172,

-

       

0.815,

       

0.360,

  

0.781,

        

2.049,

       

0.644

        

0.864,

     

0.387,

-

    

1.395,

-

       

0.837,

-

      

0.485,

  

2.268,

        

1.130,

      

0.713,

        

0.241,

     

1.047,

-

    

0.023,

        

0.531,

-

      

1.126,

-

 

0.767,

       

0.599,

-

     

2.212,

-

       

0.778,

      

0.373,

     

2.058,

-

       

1.177,

-

      

1.359,

-

 

0.787,

-

      

0.165,

-

     

0.058,

        

1.307,

      

0.907,

      

1.297,

       

0.040,

        

0.992,

-

 

 

0.919,

       

0.342,

-

     

1.868,

-

       

1.264,

-

     

0.274,

     

0.925,

        

0.164,

       

0.378,

   

0.185,

-

      

0.383,

       

0.766,

       

0.570,

       

0.964,

     

1.419,

-

      

1.198,

-

      

0.059,

-

  

0.765,

-

      

0.426,

-

      

1.348,

-

      

0.044,

-

     

0.675,

     

0.903,

-

      

0.239,

        

0.485,

   

0.642,

-

      

0.789,

-

      

0.187,

       

0.683,

      

0.282,

      

0.162,

-

     

0.361,

-

       

1.784,

   

 

1.053,

      

0.965,

-

      

0.203,

       

0.955,

-

     

0.215,

      

1.790,

       

1.851,

-

      

{-2.124,

(t)

L

127

:

0

=



[image: image24.wmf]0}

      

1,0,0,0,

-

    

0,0,0,0,

     

0,0,0,0,

      

0,0,0,0,

      

0,0,1,0,

  

     

0,0,0,0,

     

0,0,0,0,

      

1,0,0,0,

     

0,0,0,0,

     

0,0,0,0,

      

0,0,0,0,

      

0,0,1,0,

  

     

0,0,0,0,

     

0,0,0,0,

     

0,0,-1,0,

    

0,0,0,0,

     

0,0,0,0,

      

1,0,0,0,

      

0,0,0,0,

  

     

0,0,0,0,

     

0,0,0,0,

     

0,0,1,0,

     

0,0,0,0,

     

0,0,0,0,

      

1,0,0,0,

      

{0,0,0,0,

 

P

freq

52,

:

52

-

=



[image: image25.wmf]0.0740i}

 

 

0.0810

       

0.2750i,

 

-

 

0.2410

-

       

0.0120i,

 

-

 

0.1220

-

     

0.1630i,

 

-

 

0.0380

  

  

0.3010i,

 

-

 

0.0490

-

      

0.0030i,

 

 

0.0160

        

0.2810i,

 

-

 

0.2590

      

0.1250i,

 

-

 

0.1250

  

    

0.0420i,

 

 

0.2840

-

     

0.2110i,

 

-

 

0.2620

-

       

0.1420i,

 

 

0.1210

      

0.0680i,

 

 

0.1930

 

0.0130i,

 

-

 

0.0040

       

0.3240i,

 

 

0.0330

       

0.0440i,

 

 

0.0780

      

0.1770i,

 

 

0.1770

-

0.2940i,

 

 

0.2740

-

     

0.0300i,

 

-

 

0.1020

        

0.2370i,

 

 

0.3430

      

0.0680i,

 

 

0.0570

 

0.1080i,

 

-

 

0.1900

-

     

0.1420i,

 

 

0.0650

-

      

0.2080i,

 

-

 

0.0100

-

      

0.1250i,

 

-

 

0.1250

-

0.0310i,

 

-

 

0.0350

      

0.3500i,

 

-

 

0.3100

         

0.0510i,

 

-

 

0.1180

       

0.1630i,

 

-

 

0.2880

-

0.2620i,

 

-

 

0.2250

-

     

0.0790i,

 

 

0.1060

        

0.1760i,

 

-

 

0.1160

        

0,

   

          

          

{

CP

 

2

+

+

+

+

+

+

+

+

+

+

+

+

+

=


An illustration of the short and long training preamble generation for the optional mode of subcarrier arrangement is given in Annex C and Annex D.
It is interesting to note that for the optional mode of the subcarrier arrangement:
3. The imaginary part of the two sequences P+L and P-L are identical and has the property 
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for n=0,1,2,…31.

4. Same as for the mandatory mode of subcarrier arrangement, the last 32 values of the two sequences P+L and P-L are identical to the cyclic prefix (CP2). Therefore no explicit cyclic prefix is required for individual long symbol except the first one in each transmit antenna as depicted in Figure 4.
2.4 Signal field (SIGNAL)

The MIMO-OFDM training symbols shall be followed by the SIGNAL field, which contains the RATE, LENGTH and SERVICE fields of the TXVECTOR. The RATE field conveys information about the number of antennas and the MIMO-encoding process applied at the transmitter, the type of modulation and coding scheme, the coding rate, the use of pre-transform in OFDM modulation, as used in the rest of the packet. The encoding of the SIGNAL single OFDM symbol shall be performed with BPSK modulation of the subcarriers and using convolutional coding at R = 1/2. The encoding procedure, which includes convolutional encoding, interleaving, modulation mapping processes, pilot insertion, OFDM modulation, and STBC encoding, follows the steps described in 2.5.4.1, 2.5.5, 2.5.6, 2.5.7, 2.5.9 and 2.6.2, as used for transmission of data at a 12 Mbit/s rate with 2×2 STBC code. The contents of the SIGNAL field are not scrambled.

The SIGNAL field shall be composed of 2×48 bits. The bit assignment will be determined later with the MAC.
2.4.1 Data RATE
The bits giving the RATE information will be determined later with the MAC.

2.4.2 PLCP length field (LENGTH)

The PLCP length field shall indicates the number of octets in the PSDU that the MAC is currently requesting the PHY to transmit. This value is 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. The number of bits in the LENGTH field will be determined later with the MAC.

2.4.3 Parity (P), Reserved (R), and Signal tail (SIGNAL TAIL)

The parity, reserved bit position will be determined later with the MAC. The bits 42-47 constitute the SIGNAL TAIL field, and all 6 bits shall be set to zero.

2.4.4 Service field (SERVICE)
The bits in the service field shall be used to synchronize the descrambler in the receiver. The number of bits in the service field, and their values shall be determined later with MAC.
2.5 Data field

The DATA field contains the SERVICE field, the PSDU, the TAIL bits, and the PAD bits. Depending on the MIMO encoding scheme adopted at the transmitter, the DATA field may contain one or two parallel streams. All bits in the DATA field are scrambled.
2.5.1 PPDU tail bit field (TAIL)

2.5.1.1 When convolutional code is used

The PPDU tail bit field shall be six bits of “0”, which are required to return the convolutional encoder to the “zero state”. This procedure improves the error probability of the convolutional decoder, which relies on future bits when decoding and which may not be available past the end of the message. The PLCP tail bit field shall be produced by replacing six scrambled “zero” bits following the message end with six non-scrambled “zero” bits. The tail bit field shall be implemented in both streams when 2×2 SM and 4×2 GSTBC is used, which are described in 2.6.1 and 2.6.3.

2.5.1.2 When LDPC code is used

The PPDU tail bit field is not required.

2.5.2 Pad bits (PAD)
The number of bits in the DATA field in each parallel stream shall be a multiple of NCBPS(for 2×2 STBC and 4×2  GSTBC mode, an even multiple of NDBPS, for 4×2  STBC mode, a multiple of 4×NDBPS), the number of data bits per OFDM symbol (96, 192, 384, or 576 bits). To achieve that, the length of the message is extended so that it becomes a multiple of NDBPS(for 2×2 STBC and 4×2  GSTBC mode, an even multiple of NDBPS, for 4×2  STBC mode, a multiple of 4×NDBPS). When convolutional code is used, at least 6 bits shall be appended to the message, in order to accommodate the TAIL bits. The number of OFDM symbols, NSYM; the number of bits in the DATA field, NDATA, and the number of pad bits, NPAD, are computed from the length of the PSDU (LENGTH) as follows:
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(7)
where s=1 for 2×2 and 4×2 STBC modes, and s=2 for 2×2 SM, 4×2  GSTBC, 4×2  beamforming, and 4×2  antenna selection modes, k=1 for 2×2 SM, 4×2  beamforming, and 4×2  antenna selection modes, K=2 for 2×2 STBC and 4×2  GSTBC modes, and k=4 for 4×2  STBC mode.
The function 
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 is a function that returns the smallest integer value greater than or equal to its argument value. As described in 2.5.1, Ntail = 6 when convolutional code is used, and Ntail = 0 when LDPC code is used.  The appended bits (“pad bits”) are set to “zeros” and are subsequently scrambled with the rest of the bits in the DATA field. 
2.5.3 PLCP DATA scrambler and descrambler

The DATA field in each parallel stream in the MIMO-OFDM system, composed of SERVICE, PSDU, tail, and pad parts, shall be scrambled with a length-127 frame-synchronous scrambler. The octets of the PSDU are placed in the transmit serial bit stream, bit 0 first and bit 7 last. The frame synchronous scrambler uses the generator polynomial S(x) as follows, and is illustrated in Figure 5:
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The 127-bit sequence generated repeatedly by the scrambler shall be (leftmost used first), 00001110 11110010 11001001 00000010 00100110 00101110 10110110 00001100 11010100 11100111 10110100 00101010 11111010 01010001 10111000 1111111, when the “all ones” initial state is used. The same scrambler is used to scramble transmit data and to descramble receive data. When transmitting, the initial state of the scrambler will be set to a pseudo random non-zero state. The seven LSBs of the SERVICE field will be set to all zeros prior to scrambling to enable estimation of the initial state of the scrambler in the receiver.
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Figure 5 - Data scrambler

2.5.4 FEC
A convolutional encoder of coding rate of R=1/2, 2/3, or 3/4, shall be used to encode the DATA field, which is composed of SERVICE, PSDU, tail, and pad parts. Support of LDPC is optional. 

2.5.4.1 Convolutional Encoder

The convolutional encoder shall use the generator polynomials, g0=1338 and g1=1718, of rate R=1/2, as shown in Figure 6. The bit denoted as "A" shall be output from encoder before the bit denoted as "B". Higher rates are derived from it by employing "puncturing". Puncturing is a procedure for omitting some of the encoded bits in the transmitter (thus reducing the number of transmitted bits and increasing the coding rate) and inserting a dummy "zero" metric into the convolutional decoder on the receive side in place of the omitted bits. The puncturing matrix for generating the R=2/3 code from the R=1/2 mother code is
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and the puncturing matrix for generating the R=3/4 code is
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Figure 6 - Convolutional Encoder (k=7)

2.5.4.2 LDPC Encoder

Low-density parity-check (LDPC) shall be used as an optional channel encoder when the system has high throughput and/or has higher QoS requirement.  A simple partial-differential (PD)-LDPC encoder, as shown in Figure 7, shall be used.  
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Figure 7 - PD-LDPC encoder

The PD-LDPC encoder is a systematic encoder.  The codeword of size n consists of two parts, 
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 of size k is the information sequence, and 
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 of size n-k is the parity-check sequence, which is generated by the concatenation of a sparse block encoder, 
[image: image38.wmf]1

T

H

, followed by an differential encoder.

The corresponding parity-check matrix is composed of two parts, 
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, where H2 is the differential matrix, 
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(8)
and H1 is a sparse matrix, with a uniform column weight of four.  The H1 matrix of a PD-LDPC(1152, 864), as shown in Annex C, is designed for the transmission type of rate-3/4 and 64QAM based on the progressive edge growth (PEG) method . 
The designed PD-LDPC encoder is flexible to reduce the coding rate by appending dummy zeros to the transmitted sequence.  The following example illustrates this process.  For the setup of rate-2/3 and 64QAM (NMDBPS=768 and NMCBPS=1152), the information sequence of 768 bits is appended by 96 dummy zeros and the PD-LDPC(1152, 864) is used to generate the coded bits of size 1152, and transmitted by one OFDM symbol.  Note that at the LDPC decoder, the logarithm-likelihood ratio (LLR) of these dummy zeros is pre-set to -( as prior information.

2.5.5 Data interleaving
Data interleaving shall be composed of two steps: bit-interleaving at the output of the FEC encoder, in each parallel streams, and symbol interleaving across the two parallel streams, as illustrated in Figure 8. It is therefore called a 2D interleaver. A symbol mapper shall be implemented between the two steps of interleavers, in each parallel stream. The symbol mapper shall follow the specification in 2.5.6. The position of the 2D interleaver in the MIMO-OFDM system can be referred to Figure 12 through Figure 15. The two bit interleavers are compliant with IEEE Std 802.11a-1999 PHY.
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Figure 8 - 2D Bit Interleaver and Subcarrier mapper
The 2D bit deinterleaver is the inverse operation of the 2D bit interleaver and is shown in Figure 9.
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Figure 9 - 2D Bit Deinterleaver and demapper
2.5.5.1 When convolutional code is used

IEEE Std 802.11a-1999 PHY compliant bit interleaver/ deinterleaver

The convolutionally encoded bits shall be interleaved by a block interleaver with a block size corresponding to the number of bits in a single OFDM symbol, NCBPS. The interleaver is defined by a two-step permutation. The first permutation ensures that adjacent coded bits are mapped onto nonadjacent subcarriers. The second ensures that adjacent coded bits are mapped alternately onto less and more significant bits of the constellation and, thereby, long runs of low reliability (LSB) bits are avoided. 

Let the number k denote the index of the coded bit before the first permutation; the number i denote the index after the first and before the second permutation, and j the index after the second permutation, just prior to modulation mapping, then the first permutation is defined by
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The function [image: image44.wmf]ë
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 denotes the largest integer not exceeding the parameter.

The second permutation is defined by the rule
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The value s is determined by the number of coded bits per subcarrier, NBPSC, according to 
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The deinterleaver, that performs the inverse relation, is also defined by two permutations. Here, j denotes the index of the original received bit before the first permutation; i shall be the index after the first and before the second permutation, and k shall be the index after the second permutation, just prior to delivering the coded bits to the convolutional (Viterbi) decoder.

The first permutation is defined by the rule
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(12)
where s is defined in above Equation. This permutation is the inverse of the second permutation described in interleaver.

The second permutation is defined by the rule
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(13)
This permutation is the inverse of the first permutation as described in Interleaver.

2D symbol interleaver / deinterleaver

Define:

NSD =96 as the number of data symbols,

NT =2 as the number of data streams
Ti(k), where i=1, …, NT, and k =1,2,…, Ns the mapped symbol before symbol interleaving at stream i, data symbol k,
Sm(n), where m=1, …, NT,  and n =1,2,…, Ns the symbol after symbol interleaving at stream m, data symbol n,
The symbol interleaver defines the mapping operation 
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where the (stream, symbol) index pair after interleaving, (m,n), can be generated as follows:
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The symbol deinterleaver defines the inverse mapping operation
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where the (stream, symbol) index pair after deinterleaving, (i,k), can be generated as follows:
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2.5.5.2 When LDPC code is used

2D bit permutation

Although a bit interleaver is not required physically when LDPC code used, the following permutation rules are necessary to map coded bits into symbols: 1) map the adjacent coded bits to nonadjacent subcarriers; 2) map as many information bits as possible into MSB in order to achieve better protection to information bits than to parity-check bits.  The following three steps shall be processed for 2-D bit permutation.  

Step 1: Coded bits are written into a rectangular block I of 
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Figure 10 - Bit permutation block I for LDPC
Step 2: rectangular block I is reshaped as block II of 
[image: image56.wmf]2

2

MCBPS

N

S

s

´

 as shown in  Figure 11.
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Figure 11 - Bit permutation block II for LDPC

Step 3: the columns of block II is permuted by the rule
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where 
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Note that the 2D bit de-permutation at the receiver is combined in the LDPC decoder.

2D symbol interleaver / deinterleaver

The LDPC encoder generates coded bits for two OFDM symbols duration.  The 2D symbol interleaver/deinterleaver is designed as follows. 

Define:

Ns =192 as the number of data symbols,

NT =2 as the number of data streams
Ti(k) is the mapped symbol before symbol interleaving at stream i and data symbol k, where i=1, …, NT,  and k =1,2,…, Ns, and

Sm(n) is the symbol after symbol interleaving at stream m and data symbol n, where m=1, …, NT,  and n =1,2,…, Ns. 

The symbol interleaver defines the mapping operation 
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where the (stream, symbol) index pair after interleaving, (m,n), can be generated as follows:
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The symbol deinterleaver defines the inverse mapping operation
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where the (stream, symbol) index pair after deinterleaving, (i,k), can be generated as follows:
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2.5.6 Subcarrier modulation mapping

The OFDM subcarriers shall be modulated by using BPSK, QPSK, 16-QAM or 64-QAM modulation, depending on the RATE requested. The encoded and interleaved binary serial input data shall be divided into groups of NBPSC (1, 2, 4, or 6) bits and converted into complex numbers representing BPSK, QPSK, 16-QAM or 64-QAM constellation points. The conversion shall be performed according to Gray-coded constellation mappings, illustrated in Table 8 for BPSK, Table 9 for QPSK, Table 10 for 16-QAM, and Table 11 for 64-QAM, with the input bit b0, being the earliest in the stream. The output values, d, are formed by multiplying the resulting (I+jQ) value by a normalization factor KMOD, as described in following equation:
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The normalization factor, KMOD, depends on the base modulation mode and the number of transmit antennas, as prescribed in Table 7. The purpose of the normalization factor is to achieve the same average power for all mappings and all MIMO architectures. 

Table 7 - Modulation Dependent Normalization Factor KMOD
	Modulation
	Transmit Antenna Number
	KMOD

	BPSK
	2
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	QPSK
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For BPSK, b0 determines the I value, as illustrated in Table 8. For QPSK, b0 determines the I value and b1 determines the Q value, as illustrated in Table 9. For 16-QAM, b0b1 determines the I value and b2b3 determines the Q value, as illustrated in Table 10. For 64-QAM, b0b1b2 determines the I value and b3b4b5 determines the Q value, as illustrated in Table 11.

Table 8 - BPSK Encoding Table
	Input Bit (b0)
	I-out
	Q-out

	0
	-1
	0

	1
	1
	0


Table 9 - QPSK Encoding Table
	Input bit (b0)
	I-out
	
	Input bit (b1)
	Q-out

	0
	-1
	
	0
	-1

	1
	1
	
	1
	1


Table 10 - 16QAM Encoding Table
	Input bit (b0b1)
	I-out
	
	Input bit (b2b3)
	Q-out

	00
	-3
	
	00
	-3

	01
	-1
	
	01
	-1

	11
	1
	
	11
	1

	10
	3
	
	10
	3


Table 11 - 64QAM Encoding Table
	Input bit (b0b1b2)
	I-out
	
	Input bit (b3b4b5)
	Q-out

	000
	-7
	
	000
	-7

	001
	-5
	
	001
	-5

	011
	-3
	
	011
	-3

	010
	-1
	
	010
	-1

	110
	1
	
	110
	1

	111
	3
	
	111
	3

	101
	5
	
	101
	5

	100
	7
	
	100
	7


2.5.7 Pilot subcarriers

In each long training preamble, signal field and OFDM symbol, eight of the subcarriers are dedicated to pilot signals in order to make the coherent detection robust against frequency offset and phase noise. These pilot signals shall be put in subcarriers -53, -39, -25, -11, 11, 25, 39, 53 for the mandatory subcarrier arrangement mode and  –48, -34, -20, -6, 6, 20, 34, and 48 for the optional subcarrier arrangement mode. The pilots in the long training preamble are not modulated over time but those in the signal field and the OFDM data symbols shall be BPSK modulated by a pseudo binary sequence to prevent the generation of spectral lines. The contribution of the pilot subcarriers to each OFDM symbol is described in 2.5.9. 

2.5.8 Pre-transform

The 2D pre-transform module shall be performed such that the mapped modulated symbols are spread over frequency, space or both. The pre-transformation operation is represented in the following matrix form:

S1 = [S1(1), S1(2), …, S1(96)]T: data symbol vector of the first data stream;

S2 = [S2(1), S2(2), …, S2(96)]T: data symbol vector of the second data stream;
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where T is the transformation matrix which satisfied unitary condition, i.e. TTH=I. 

In this partial proposal, we only consider the case of frequency spreading, which shall be performed as 
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The design and implementation of 2D (spatial and frequency) pre-transform matrix will be finalised later after extensive studies.
Two transforms can be used:
1. Walsh-Hadamard Transform
2. Rotated Discrete Fourier Transform
The columns of the transform matrix can be permuted according to a pre-defined order.

The order-96 Walsh Hadamard Transform can be generated from order-8 Hadamard matrix 
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and order-12 Hadamard matrix 
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by performing the Kronecker product as
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The rotated DFT transform matrix is generated by
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where F is the FFT matrix of size NSD, and 
[image: image80.wmf]i

q

is the phase rotation value. 
2.5.9 OFDM modulation

The stream of complex numbers is divided into groups of NSD = 96 complex numbers. We shall denote this by writing the complex number dk,n, which corresponds to subcarrier k of OFDM symbol n, as follows:
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The number of OFDM symbols, NSYM, was introduced in 2.5.2.
An OFDM symbol, 
[image: image82.wmf](t)
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where the function, 
[image: image84.wmf])
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k

M

, defines a mapping from the logical subcarrier number 0 to 95 into frequency offset index -58 to 58 for mandatory mode or -53 to 53 for optional mode, while skipping the reserved subcarrier locations, pilot subcarrier locations and the 0th (dc) subcarrier.

Mandatory mode
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Optional mode
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The contribution of the pilot subcarriers for the nth OFDM symbol is produced by Fourier transform of sequence 
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First, define the sequence (used in IEEE Std 802.11a-1999) 
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The polarity of the pilot subcarriers is controlled by the sequence, pn, which is a cyclic extension of the 127 elements sequence and is given by 
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The sequence, pn, can be generated by the scrambler defined by Figure 5 when the "all ones" initial state is used, and by replacing all "1's" with -1 and all "0's" with 1. Each sequence element is used for one OFDM symbol. The first and second elements, p0 and p1, multiply the pilot subcarriers of the first and second SIGNAL symbol, respectively, while the elements from p2 on are used for the DATA symbols. 
The subcarrier frequency allocation is shown in Figure 2 and Figure 3. To avoid difficulties in D/A and A/D converter offsets and carrier feed through in the RF system, the subcarrier falling at DC (0th subcarrier) is not used.

The concatenation of NSYM OFDM symbols can now be written as


[image: image92.wmf]å

-

=

-

=

1

0

,

)

(

)

(

SYM

N

n

SYM

n

DATA

DATA

nT

t

r

t

r

.
2.6 MIMO architectures

The IEEE 802.11n shall support a MIMO structure. Two antennas shall be implemented at both the transmitter and the receiver as the mandatory mode. Support of 2×2 SM and STBC at the receiver (AP and the station) is mandatory.

Optionally, four antennas can be implemented at AP considering AP’s potential tolerance for larger size and higher power consumption than the station. A GSTBC transmitter is proposed to increase the throughput and extend the transmission range of the downlink, and orthogonal STBC can be applied to improve the wireless link quality and extend the range of communication. Alternatively, two antennas can be selected for transmission based on the signal power. A fixed beam-forming weighting structure can also be implemented to listen to the RTS (request to transmit) signals from the station far from the AP. Taking into account the potential small size and the low power consumption requirement of the station, only two antennas shall be implemented for the station.

2.6.1 2×2 spatial multiplexing

Figure 12 illustrates the steps involved in transmit processing in a 2×2 SM PT-FEC-coded OFDM system. Source data shall first be de-multiplexed into two parallel streams, and then scrambled. The information bits in the data field of the two parallel streams shall be FEC-encoded, bit-interleaved, and mapped to the specific modulation symbols, according to 2.5.4, 2.5.5, and 2.5.6. The modulation symbols shall be transformed through the linear transformation matrix T, according to 2.5.8, and OFDM modulated which includes the inverse Fast Fourier Transform (IFFT) and cyclic prefix (CP) insertion, as specified in 2.5.9. 

When SM is used, the data rate is two times that of a single stream.
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Figure 12 - Transmitter processing for 2×2 Spatial Multiplexing PT-FEC-OFDM

2.6.2 2×2 STBC

When the channel conditions deteriorate, STBC can be used to improve the signal link quality. In this case, only one single stream of data is processed, and no data rate is gained through the MIMO structure. Figure 13 illustrates the steps involved in transmit processing in a 2×2 STBC PT-FEC-OFDM. STBC as given in [1] shall be used, but its time-domain implementation shall be adopted to reduce the implementation complexity.

The bits in the DATA field shall be FEC-encoded, bit-interleaved, and mapped to the specific modulation symbols, according to 2.5.4, 2.5.5, and 2.5.6. The modulation symbols shall be transformed through matrix T, according to 2.5.8, and OFDM modulated which includes the inverse Fast Fourier Transform (IFFT) and cyclic prefix (CP) insertion, as specified in 2.5.9.
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Figure 13 Transmitter processing for 2×2 STBC PT-OFDM

2.6.2.1 Time-Domain STBC Implementation

The conventional STBC encoding in an OFDM system shall be performed as shown in Table 12, where SF,i(k) denotes the transmitted frequency domain signal on subcarrier k at OFDM symbol interval i.  

Table 12 - Conventional STBC OFDM Encoding
	
	Antenna 0
	Antenna 1

	time t
	SF,0 = [SF,0(0), SF,0(1),… SF,0(N - 1)]
	SF,1 = [SF,1(0), SF,1(1),… SF,1(N - 1)]

	time t+NT
	-S*F,1
	S*F,0


To enable backward compatibility to 802.11a systems, we modify the STBC encoding such that the original OFDM signal is always transmitted on antenna 0 and STBC coded OFDM signal transmitted on antenna 1. The modified encoding is summarized in Table 13. 

Table 13 - Modified STBC OFDM Encoding
	
	Antenna 0
	Antenna 1

	time t
	SF,0 = [SF,0(0), SF,0(1),… SF,0(N - 1)]
	-S*F,1

	time t+NT
	SF,1 = [SF,1(0), SF,1(1),… SF,1(N - 1)]
	S*F,0


Making use of the following IFFT property, we can perform the equivalent STBC encoding in time domain, which reduces the implementation complexity:
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In this case, the time domain STBC encoding shall be performed according to Table 14. 

Table 14 - Time domain STBC OFDM Encoding
	
	Antenna 0
	Antenna 1

	time t
	St,0=[ S t,0(0), S t,0(1),…, S t,0(N-1)] 
	[ -S t,1* (0), -S t,1* (N-1),…,-S t,1* (1)]

	time t+NT
	S t,1=[ S t,1(0), S t,1(1),…, S t,1(N-1)]
	[ S t,0*(0), S t,0*(N-1),…,S t,0*(1)]


2.6.3 4×2 GSTBC

Figure 14 illustrates the steps involved in transmit processing in a 4×2 GSTBC PT-FEC-OFDM system. The four antennas are used to transmit two parallel streams, with each stream implementing a 2×2 STBC PT-FEC-OFDM. Therefore, the data rate attained is the same as the 2×2 SM PT-FEC-OFDM, but transmit diversity of order is achieved. The bits in the DATA field of the two parallel streams shall be FEC-encoded, bit-interleaved, and mapped to the specific modulation symbols, according to 2.5.4, 2.5.5, and 2.5.6. The modulation symbols shall then be transformed through matrix T, according to 2.5.8, and OFDM modulated which includes the inverse Fast Fourier Transform (IFFT) and cyclic prefix (CP) insertion, as specified in 2.5.9. The time domain data from individual stream shall then be encoded by STBC, according to 2.6.2.1. Four streams of data shall be transmitted simultaneously.
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Figure 14 - Transmit processing of 4×2 GSTBC PT-FEC-OFDM

2.6.4 4×2 STBC

When the channel conditions deteriorate, STBC with four transmit antennas can be used to improve the signal link quality. Figure 15 illustrates the steps involved in transmit processing in a 4×2 STBC PT-FEC-OFDM. STBC as given in [2] shall be used. Same as the 2×2 STBC PT-FEC-OFDM, time-domain STBC encoding shall be performed in order to reduce the transmitter complexity.
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Figure 15 Transmit processing of 4×2 STBC PT-FEC-OFDM
The bits in the DATA field shall be FEC-encoded, bit-interleaved, and mapped to the specific modulation symbols, according to 2.5.4, 2.5.5, and 2.5.6. The modulation symbols shall be transformed through matrix T, according to 2.5.8, and OFDM modulated which includes the inverse Fast Fourier Transform (IFFT) and cyclic prefix (CP) insertion, as specified in 2.5.9.
As shown in [2], two STBC designs can be implemented for the 4 transmit antenna system. Further study needs to be carried out to decide on the optimal combination of the code rate in STBC and FEC.

2.6.4.1 Time-Domain STBC Implementation for 4×2 STBC
To be given later.
2.6.5 Beamforming
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Figure 16 - Block diagram of a beam multiplexing transmitter
To achieve both high throughput and beamforming gain in downlink when the spatial channel at AP is highly correlated, the fixed beam multiplexing transmission mode can be used at AP for the 4×2 MIMO system, where AP has four transmit antennas and station has two receive antennas. The block diagram of the fixed beam multiplexing transmission using four antennas at AP is illustrated in Figure 16. The time domain signals after OFDM modulation s1 and s2 stand for two data streams at AP to be transmitted simultaneously to a station with two receiving antennas. The two data streams are first passed into two transmit beamformers w1 and w2 for beamforming processing, then passed on to a signal combiner which performs a simple summing function of the two beamforming processed inputs to produce a signal vector x for transmission through four antennas. 
The beamforming processing at each beamformer is simply to multiply each symbol of the corresponding input data stream with a 4 ( 1 complex weight vector w1 or w2 and transfer each scalar symbol into a 4 ( 1 vector. The values for the beamforming weights w1 and w2 have been pre-stored in a vector set table in the AP’s memory. However, the AP needs to determine which vectors in the pre-stored set table to be used on line. 

The selection of the two vectors from the pre-stored vector set table is based on the measurement from uplink, where the four antennas are used to form a plurality of fixed beams for multiple fixed-beam reception
. In the uplink, two fixed beams should be identified with most reception power of signals from station. Based on the identified two fixed beams, the beamforming weights w1 and w2 for downlink multiplexing transmission are determined by looking up the pre-stored vector set table, where each pair of fixed beams are mapped to two beamforming vectors. 

The pre-stored mapping table for mapping from each pair of fixed beams to two beamforming vectors is set up as follows.

1. For each pair of uplink fixed beams i and j (i ( j), the main beam direction are ( i and ( j respectively. Based on the direction angle ( i and ( j, a 4 ( 4 matrix
 can be formed as
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 for a uniform linear antenna array with antenna spacing d, ( is the wavelength of downlink center frequency, M is the number of antennas, i.e. M = 4 here, and superscript ‘T’ denotes transpose operation. 

2. Perform eigen-decomposition to the matrix R, and the two eigen-vectors corresponding to the largest two eigen-values are the target pair of beamforming vectors mapped from the fixed beam i and j.   

2.6.6 Antenna selection
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Figure 17 - Illustration of Antenna Selection for the 4×2 System
For an AP with complexity constraint to deploy  four RF chains, antenna selection transmission can be employed to achieve full (4 () transmit diversity gain with four antenna elements but fewer (two for the multiplexing case or one for space time coding) RF parts, as illustrated in Figure 17.
The selection of the antenna is determined by station and the indexes of the selected antenna to be used for transmission are fed back to the AP. In the downlink of the 4 ( 2 system setup, station measures the channel based on the channel estimation and determines which two antennas are to be used in the later multiplexing transmission. The indexes of the selected antenna are fed back to station via uplink transmission (inserted into signal field). Three bits altogether (for all subcarriers) are required for the feedback as indicated in Table 15.
Table 15 - Antenna Selection Index

	Bits
	Selected antennas

	000
	#1 and #2

	001
	#1 and #3

	010
	#1 and #4

	011
	#2 and #3

	100
	#2 and #4

	101
	#3 and #4

	110
	reserved

	111
	reserved


ANNEX A Generation of short training preamble for mandatory mode of subcarrier arrangement

The frequency-domain and time-domain short training preambles for the mandatory mode are given in Table 16 and Table 17, respectively.

Table 16 - Frequency domain representation of the short training preamble for mandatory mode subcarrier arrangement
	##
	Re
	Im
	
	##
	Re
	Im
	
	##
	Re
	Im
	
	##
	Re
	Im

	-64
	0.000
	0.000
	
	-32
	0.000
	0.000
	
	0
	0.000
	0.000
	
	32
	0.000
	0.000

	-63
	0.000
	0.000
	
	-31
	0.000
	0.000
	
	1
	0.000
	0.000
	
	33
	0.000
	0.000

	-62
	0.000
	0.000
	
	-30
	0.000
	0.000
	
	2
	0.000
	0.000
	
	34
	0.000
	0.000

	-61
	0.000
	0.000
	
	-29
	0.000
	0.000
	
	3
	0.000
	0.000
	
	35
	0.000
	0.000

	-60
	0.000
	0.000
	
	-28
	1.472
	1.472
	
	4
	0.000
	0.000
	
	36
	-1.472
	-1.472

	-59
	0.000
	0.000
	
	-27
	0.000
	0.000
	
	5
	0.000
	0.000
	
	37
	0.000
	0.000

	-58
	0.000
	0.000
	
	-26
	0.000
	0.000
	
	6
	0.000
	0.000
	
	38
	0.000
	0.000

	-57
	0.000
	0.000
	
	-25
	0.000
	0.000
	
	7
	0.000
	0.000
	
	39
	0.000
	0.000

	-56
	-1.472
	-1.472
	
	-24
	1.472
	1.472
	
	8
	-1.472
	-1.472
	
	40
	1.472
	1.472

	-55
	0.000
	0.000
	
	-23
	0.000
	0.000
	
	9
	0.000
	0.000
	
	41
	0.000
	0.000

	-54
	0.000
	0.000
	
	-22
	0.000
	0.000
	
	10
	0.000
	0.000
	
	42
	0.000
	0.000

	-53
	0.000
	0.000
	
	-21
	0.000
	0.000
	
	11
	0.000
	0.000
	
	43
	0.000
	0.000

	-52
	1.472
	1.472
	
	-20
	1.472
	1.472
	
	12
	-1.472
	-1.472
	
	44
	-1.472
	-1.472

	-51
	0.000
	0.000
	
	-19
	0.000
	0.000
	
	13
	0.000
	0.000
	
	45
	0.000
	0.000

	-50
	0.000
	0.000
	
	-18
	0.000
	0.000
	
	14
	0.000
	0.000
	
	46
	0.000
	0.000

	-49
	0.000
	0.000
	
	-17
	0.000
	0.000
	
	15
	0.000
	0.000
	
	47
	0.000
	0.000

	-48
	1.472
	1.472
	
	-16
	1.472
	1.472
	
	16
	1.472
	1.472
	
	48
	1.472
	1.472

	-47
	0.000
	0.000
	
	-15
	0.000
	0.000
	
	17
	0.000
	0.000
	
	49
	0.000
	0.000

	-46
	0.000
	0.000
	
	-14
	0.000
	0.000
	
	18
	0.000
	0.000
	
	50
	0.000
	0.000

	-45
	0.000
	0.000
	
	-13
	0.000
	0.000
	
	19
	0.000
	0.000
	
	51
	0.000
	0.000

	-44
	1.472
	1.472
	
	-12
	1.472
	1.472
	
	20
	-1.472
	-1.472
	
	52
	-1.472
	-1.472

	-43
	0.000
	0.000
	
	-11
	0.000
	0.000
	
	21
	0.000
	0.000
	
	53
	0.000
	0.000

	-42
	0.000
	0.000
	
	-10
	0.000
	0.000
	
	22
	0.000
	0.000
	
	54
	0.000
	0.000

	-41
	0.000
	0.000
	
	-9
	0.000
	0.000
	
	23
	0.000
	0.000
	
	55
	0.000
	0.000

	-40
	-1.472
	-1.472
	
	-8
	1.472
	1.472
	
	24
	-1.472
	-1.472
	
	56
	1.472
	1.472

	-39
	0.000
	0.000
	
	-7
	0.000
	0.000
	
	25
	0.000
	0.000
	
	57
	0.000
	0.000

	-38
	0.000
	0.000
	
	-6
	0.000
	0.000
	
	26
	0.000
	0.000
	
	58
	0.000
	0.000

	-37
	0.000
	0.000
	
	-5
	0.000
	0.000
	
	27
	0.000
	0.000
	
	59
	0.000
	0.000

	-36
	-1.472
	-1.472
	
	-4
	0.000
	0.000
	
	28
	1.472
	1.472
	
	60
	0.000
	0.000

	-35
	0.000
	0.000
	
	-3
	0.000
	0.000
	
	29
	0.000
	0.000
	
	61
	0.000
	0.000

	-34
	0.000
	0.000
	
	-2
	0.000
	0.000
	
	30
	0.000
	0.000
	
	62
	0.000
	0.000

	-33
	0.000
	0.000
	
	-1
	0.000
	0.000
	
	31
	0.000
	0.000
	
	63
	0.000
	0.000


Table 17 - One period of IFFT of the short training preamble for mandatory mode subcarrier arrangement
	##
	Re
	Im
	
	##
	Re
	Im
	
	##
	Re
	Im
	
	##
	Re
	Im

	0
	0.520
	0.520
	
	32
	0.520
	0.520
	
	64
	0.520
	0.520
	
	96
	0.520
	0.520

	1
	0.823
	-0.620
	
	33
	0.823
	-0.620
	
	65
	0.823
	-0.620
	
	97
	0.823
	-0.620

	2
	0.736
	-0.736
	
	34
	0.736
	-0.736
	
	66
	0.736
	-0.736
	
	98
	0.736
	-0.736

	3
	0.323
	-0.901
	
	35
	0.323
	-0.901
	
	67
	0.323
	-0.901
	
	99
	0.323
	-0.901

	4
	-0.520
	-0.520
	
	36
	-0.520
	-0.520
	
	68
	-0.520
	-0.520
	
	100
	-0.520
	-0.520

	5
	0.024
	0.842
	
	37
	0.024
	0.842
	
	69
	0.024
	0.842
	
	101
	0.024
	0.842

	6
	0.736
	-0.736
	
	38
	0.736
	-0.736
	
	70
	0.736
	-0.736
	
	102
	0.736
	-0.736

	7
	-0.654
	-0.367
	
	39
	-0.654
	-0.367
	
	71
	-0.654
	-0.367
	
	103
	-0.654
	-0.367

	8
	0.520
	0.520
	
	40
	0.520
	0.520
	
	72
	0.520
	0.520
	
	104
	0.520
	0.520

	9
	0.367
	0.654
	
	41
	0.367
	0.654
	
	73
	0.367
	0.654
	
	105
	0.367
	0.654

	10
	-0.736
	0.736
	
	42
	-0.736
	0.736
	
	74
	-0.736
	0.736
	
	106
	-0.736
	0.736

	11
	-0.842
	-0.024
	
	43
	-0.842
	-0.024
	
	75
	-0.842
	-0.024
	
	107
	-0.842
	-0.024

	12
	-0.520
	-0.520
	
	44
	-0.520
	-0.520
	
	76
	-0.520
	-0.520
	
	108
	-0.520
	-0.520

	13
	0.901
	-0.323
	
	45
	0.901
	-0.323
	
	77
	0.901
	-0.323
	
	109
	0.901
	-0.323

	14
	-0.736
	0.736
	
	46
	-0.736
	0.736
	
	78
	-0.736
	0.736
	
	110
	-0.736
	0.736

	15
	0.620
	-0.823
	
	47
	0.620
	-0.823
	
	79
	0.620
	-0.823
	
	111
	0.620
	-0.823

	16
	0.520
	0.520
	
	48
	0.520
	0.520
	
	80
	0.520
	0.520
	
	112
	0.520
	0.520

	17
	-0.823
	0.620
	
	49
	-0.823
	0.620
	
	81
	-0.823
	0.620
	
	113
	-0.823
	0.620

	18
	0.736
	-0.736
	
	50
	0.736
	-0.736
	
	82
	0.736
	-0.736
	
	114
	0.736
	-0.736

	19
	-0.323
	0.901
	
	51
	-0.323
	0.901
	
	83
	-0.323
	0.901
	
	115
	-0.323
	0.901

	20
	-0.520
	-0.520
	
	52
	-0.520
	-0.520
	
	84
	-0.520
	-0.520
	
	116
	-0.520
	-0.520

	21
	-0.024
	-0.842
	
	53
	-0.024
	-0.842
	
	85
	-0.024
	-0.842
	
	117
	-0.024
	-0.842

	22
	0.736
	-0.736
	
	54
	0.736
	-0.736
	
	86
	0.736
	-0.736
	
	118
	0.736
	-0.736

	23
	0.654
	0.367
	
	55
	0.654
	0.367
	
	87
	0.654
	0.367
	
	119
	0.654
	0.367

	24
	0.520
	0.520
	
	56
	0.520
	0.520
	
	88
	0.520
	0.520
	
	120
	0.520
	0.520

	25
	-0.367
	-0.654
	
	57
	-0.367
	-0.654
	
	89
	-0.367
	-0.654
	
	121
	-0.367
	-0.654

	26
	-0.736
	0.736
	
	58
	-0.736
	0.736
	
	90
	-0.736
	0.736
	
	122
	-0.736
	0.736

	27
	0.842
	0.024
	
	59
	0.842
	0.024
	
	91
	0.842
	0.024
	
	123
	0.842
	0.024

	28
	-0.520
	-0.520
	
	60
	-0.520
	-0.520
	
	92
	-0.520
	-0.520
	
	124
	-0.520
	-0.520

	29
	-0.901
	0.323
	
	61
	-0.901
	0.323
	
	93
	-0.901
	0.323
	
	125
	-0.901
	0.323

	30
	-0.736
	0.736
	
	62
	-0.736
	0.736
	
	94
	-0.736
	0.736
	
	126
	-0.736
	0.736

	31
	-0.620
	0.823
	
	63
	-0.620
	0.823
	
	95
	-0.620
	0.823
	
	127
	-0.620
	0.823


ANNEX B Generation of long training preamble for mandatory mode of subcarrier arrangement
The long training symbols for antenna 1 at time 1,2,3,4, antenna 2 at time 1,3, antenna 3 at time 1,2 and antenna 4 at time 1,4 for the mandatory mode subcarrier arrangement are described in the time domain in Table 18 and Table 19, respectively.
Table 18 - Time domain representation of the long training symbol (sequences P+L) for mandatory mode subcarrier arrangement
	##
	Re
	Im
	
	##
	Re
	Im
	
	##
	Re
	Im
	
	##
	Re
	Im

	0
	-2.071
	0.000
	
	32
	-0.905
	-0.354
	
	64
	0.248
	0.000
	
	96
	 0.000
	0.354

	1
	0.181
	0.000
	
	33
	-1.781
	0.000
	
	65
	0.604
	0.000
	
	97
	0.000
	0.000

	2
	2.219
	0.312
	
	34
	-0.548
	-0.167
	
	66
	0.699
	-0.312
	
	98
	0.224
	0.167

	3
	-0.082
	0.000
	
	35
	0.029
	0.000
	
	67
	-0.500
	0.000
	
	99
	0.000
	0.000

	4
	1.005
	0.294
	
	36
	1.313
	0.196
	
	68
	0.956
	-0.294
	
	100
	-0.347
	-0.196

	5
	-0.201
	0.000
	
	37
	0.727
	0.000
	
	69
	0.886
	0.000
	
	101
	0.000
	0.000

	6
	0.665
	-0.035
	
	38
	-1.199
	0.352
	
	70
	-0.513
	0.035
	
	102
	0.312
	-0.352

	7
	-0.665
	0.000
	
	39
	-0.671
	0.000
	
	71
	0.728
	0.000
	
	103
	0.000
	0.000

	8
	-1.577
	-0.327
	
	40
	1.815
	0.135
	
	72
	-1.014
	0.327
	
	104
	-0.135
	-0.135

	9
	0.864
	0.000
	
	41
	0.496
	0.000
	
	73
	-1.103
	0.000
	
	105
	0.000
	0.000

	10
	0.800
	-0.273
	
	42
	-1.655
	-0.224
	
	74
	-1.535
	0.273
	
	106
	-0.103
	0.224

	11
	0.214
	0.000
	
	43
	1.311
	0.000
	
	75
	-0.201
	0.000
	
	107
	0.000
	0.000

	12
	-1.171
	0.069
	
	44
	0.819
	-0.347
	
	76
	-0.047
	-0.069
	
	108
	0.294
	0.347

	13
	-0.034
	0.000
	
	45
	-0.986
	0.000
	
	77
	0.331
	0.000
	
	109
	0.000
	0.000

	14
	-1.530
	0.338
	
	46
	1.944
	-0.103
	
	78
	0.806
	-0.338
	
	110
	-0.352
	0.103

	15
	0.227
	0.000
	
	47
	-0.489
	0.000
	
	79
	-0.733
	0.000
	
	111
	0.000
	0.000

	16
	1.405
	0.250
	
	48
	-0.566
	0.250
	
	80
	0.541
	-0.250
	
	112
	0.250
	-0.250

	17
	-0.461
	0.000
	
	49
	-0.364
	0.000
	
	81
	-0.089
	0.000
	
	113
	0.000
	0.000

	18
	-1.321
	-0.103
	
	50
	-1.202
	0.338
	
	82
	0.054
	0.103
	
	114
	-0.035
	-0.338

	19
	-0.075
	0.000
	
	51
	-0.161
	0.000
	
	83
	0.882
	0.000
	
	115
	0.000
	0.000

	20
	2.238
	-0.347
	
	52
	-1.060
	0.069
	
	84
	-0.083
	0.347
	
	116
	-0.196
	-0.069

	21
	-0.997
	0.000
	
	53
	1.413
	0.000
	
	85
	0.412
	0.000
	
	117
	0.000
	0.000

	22
	-0.226
	-0.224
	
	54
	0.246
	-0.273
	
	86
	1.801
	0.224
	
	118
	0.338
	0.273

	23
	0.593
	0.000
	
	55
	-0.352
	0.000
	
	87
	-0.328
	0.000
	
	119
	0.000
	0.000

	24
	1.379
	0.135
	
	56
	0.438
	-0.327
	
	88
	0.615
	-0.135
	
	120
	-0.327
	0.327

	25
	0.867
	0.000
	
	57
	0.332
	0.000
	
	89
	-0.387
	0.000
	
	121
	0.000
	0.000

	26
	-0.961
	0.352
	
	58
	0.448
	-0.035
	
	90
	-2.785
	-0.352
	
	122
	0.167
	0.035

	27
	-0.471
	0.000
	
	59
	0.002
	0.000
	
	91
	-0.137
	0.000
	
	123
	0.000
	0.000

	28
	-0.641
	0.196
	
	60
	-1.342
	0.294
	
	92
	-1.903
	-0.196
	
	124
	0.069
	-0.294

	29
	0.597
	0.000
	
	61
	-1.562
	0.000
	
	93
	0.255
	0.000
	
	125
	0.000
	0.000

	30
	0.187
	-0.167
	
	62
	0.942
	0.312
	
	94
	2.385
	0.167
	
	126
	-0.273
	-0.312

	31
	0.548
	0.000
	
	63
	0.343
	0.000
	
	95
	-0.013
	0.000
	
	127
	0.000
	0.000


Table 19 - Time domain representation of the long training symbol (sequences P-L) for mandatory mode subcarrier arrangement
	##
	Re
	Im
	
	##
	Re
	Im
	
	##
	Re
	Im
	
	##
	Re
	Im

	0
	2.778
	0.000
	
	32
	0.905
	-0.354
	
	64
	-0.955
	0.000
	
	96
	0.000
	0.354

	1
	-0.181
	0.000
	
	33
	1.781
	0.000
	
	65
	-0.604
	0.000
	
	97
	0.000
	0.000

	2
	-2.765
	0.312
	
	34
	0.099
	-0.167
	
	66
	-0.153
	-0.312
	
	98
	0.224
	0.167

	3
	0.082
	0.000
	
	35
	-0.029
	0.000
	
	67
	0.500
	0.000
	
	99
	0.000
	0.000

	4
	-0.867
	0.294
	
	36
	-0.619
	0.196
	
	68
	-1.094
	-0.294
	
	100
	-0.347
	-0.196

	5
	0.201
	0.000
	
	37
	-0.727
	0.000
	
	69
	-0.886
	0.000
	
	101
	0.000
	0.000

	6
	-0.332
	-0.035
	
	38
	0.575
	0.352
	
	70
	0.180
	0.035
	
	102
	0.312
	-0.352

	7
	0.665
	0.000
	
	39
	0.671
	0.000
	
	71
	-0.728
	0.000
	
	103
	0.000
	0.000

	8
	0.923
	-0.327
	
	40
	-1.544
	0.135
	
	72
	1.668
	0.327
	
	104
	-0.135
	-0.135

	9
	-0.864
	0.000
	
	41
	-0.496
	0.000
	
	73
	1.103
	0.000
	
	105
	0.000
	0.000

	10
	-0.123
	-0.273
	
	42
	1.861
	-0.224
	
	74
	0.859
	0.273
	
	106
	-0.103
	0.224

	11
	-0.214
	0.000
	
	43
	-1.311
	0.000
	
	75
	0.201
	0.000
	
	107
	0.000
	0.000

	12
	0.778
	0.069
	
	44
	-1.407
	-0.347
	
	76
	0.439
	-0.069
	
	108
	0.294
	0.347

	13
	0.034
	0.000
	
	45
	0.986
	0.000
	
	77
	-0.331
	0.000
	
	109
	0.000
	0.000

	14
	1.460
	0.338
	
	46
	-1.240
	-0.103
	
	78
	-0.737
	-0.338
	
	110
	-0.352
	0.103

	15
	-0.227
	0.000
	
	47
	0.489
	0.000
	
	79
	0.733
	0.000
	
	111
	0.000
	0.000

	16
	-0.905
	0.250
	
	48
	0.066
	0.250
	
	80
	-1.041
	-0.250
	
	112
	0.250
	-0.250

	17
	0.461
	0.000
	
	49
	0.364
	0.000
	
	81
	0.089
	0.000
	
	113
	0.000
	0.000

	18
	0.617
	-0.103
	
	50
	1.271
	0.338
	
	82
	0.650
	0.103
	
	114
	-0.035
	-0.338

	19
	0.075
	0.000
	
	51
	0.161
	0.000
	
	83
	-0.882
	0.000
	
	115
	0.000
	0.000

	20
	-1.650
	-0.347
	
	52
	1.453
	0.069
	
	84
	-0.505
	0.347
	
	116
	-0.196
	-0.069

	21
	0.997
	0.000
	
	53
	-1.413
	0.000
	
	85
	-0.412
	0.000
	
	117
	0.000
	0.000

	22
	0.021
	-0.224
	
	54
	-0.923
	-0.273
	
	86
	-1.596
	0.224
	
	118
	0.338
	0.273

	23
	-0.593
	0.000
	
	55
	0.352
	0.000
	
	87
	0.328
	0.000
	
	119
	0.000
	0.000

	24
	-1.649
	0.135
	
	56
	0.215
	-0.327
	
	88
	-0.344
	-0.135
	
	120
	-0.327
	0.327

	25
	-0.867
	0.000
	
	57
	-0.332
	0.000
	
	89
	0.387
	0.000
	
	121
	0.000
	0.000

	26
	1.585
	0.352
	
	58
	-0.781
	-0.035
	
	90
	2.161
	-0.352
	
	122
	0.167
	0.035

	27
	0.471
	0.000
	
	59
	-0.002
	0.000
	
	91
	0.137
	0.000
	
	123
	0.000
	0.000

	28
	-0.052
	0.196
	
	60
	1.204
	0.294
	
	92
	2.597
	-0.196
	
	124
	0.069
	-0.294

	29
	-0.597
	0.000
	
	61
	1.562
	0.000
	
	93
	-0.255
	0.000
	
	125
	0.000
	0.000

	30
	0.261
	-0.167
	
	62
	-0.395
	0.312
	
	94
	-2.834
	0.167
	
	126
	-0.273
	-0.312

	31
	-0.548
	0.000
	
	63
	-0.343
	0.000
	
	95
	0.013
	0.000
	
	127
	0.000
	0.000


ANNEX C Generation of short training preamble for optional mode of subcarrier arrangement
The short training preamble is described in the frequency domain as in Table 20. 
Table 20 - Frequency domain representation of the short training preamble for optional mode of subcarrier arrangement
	##
	Re
	Im
	
	##
	Re
	Im
	
	##
	Re
	Im
	
	##
	Re
	Im

	-64
	0.0
	0.0
	
	-32
	1.414
	1.414
	
	0
	0.0
	0.0
	
	32
	-1.414
	-1.414

	-63
	0.0
	0.0
	
	-31
	0.0
	0.0
	
	1
	0.0
	0.0
	
	33
	0.0
	0.0

	-62
	0.0
	0.0
	
	-30
	0.0
	0.0
	
	2
	0.0
	0.0
	
	34
	0.0
	0.0

	-61
	0.0
	0.0
	
	-29
	0.0
	0.0
	
	3
	0.0
	0.0
	
	35
	0.0
	0.0

	-60
	0.0
	0.0
	
	-28
	1.414
	1.414
	
	4
	1.414
	1.414
	
	36
	1.414
	1.414

	-59
	0.0
	0.0
	
	-27
	0.0
	0.0
	
	5
	0.0
	0.0
	
	37
	0.0
	0.0

	-58
	0.0
	0.0
	
	-26
	0.0
	0.0
	
	6
	0.0
	0.0
	
	38
	0.0
	0.0

	-57
	0.0
	0.0
	
	-25
	0.0
	0.0
	
	7
	0.0
	0.0
	
	39
	0.0
	0.0

	-56
	0.0
	0.0
	
	-24
	-1.414
	-1.414
	
	8
	1.414
	1.414
	
	40
	-1.414
	-1.414

	-55
	0.0
	0.0
	
	-23
	0.0
	0.0
	
	9
	0.0
	0.0
	
	41
	0.0
	0.0

	-54
	0.0
	0.0
	
	-22
	0.0
	0.0
	
	10
	0.0
	0.0
	
	42
	0.0
	0.0

	-53
	0.0
	0.0
	
	-21
	0.0
	0.0
	
	11
	0.0
	0.0
	
	43
	0.0
	0.0

	-52
	1.414
	1.414
	
	-20
	-1.414
	-1.414
	
	12
	1.414
	1.414
	
	44
	1.414
	1.414

	-51
	0.0
	0.0
	
	-19
	0.0
	0.0
	
	13
	0.0
	0.0
	
	45
	0.0
	0.0

	-50
	0.0
	0.0
	
	-18
	0.0
	0.0
	
	14
	0.0
	0.0
	
	46
	0.0
	0.0

	-49
	0.0
	0.0
	
	-17
	0.0
	0.0
	
	15
	0.0
	0.0
	
	47
	0.0
	0.0

	-48
	1.414
	1.414
	
	-16
	1.414
	1.414
	
	16
	1.414
	1.414
	
	48
	-1.414
	-1.414

	-47
	0.0
	0.0
	
	-15
	0.0
	0.0
	
	17
	0.0
	0.0
	
	49
	0.0
	0.0

	-46
	0.0
	0.0
	
	-14
	0.0
	0.0
	
	18
	0.0
	0.0
	
	50
	0.0
	0.0

	-45
	0.0
	0.0
	
	-13
	0.0
	0.0
	
	19
	0.0
	0.0
	
	51
	0.0
	0.0

	-44
	-1.414
	-1.414
	
	-12
	-1.414
	-1.414
	
	20
	1.414
	1.414
	
	52
	1.414
	1.414

	-43
	0.0
	0.0
	
	-11
	0.0
	0.0
	
	21
	0.0
	0.0
	
	53
	0.0
	0.0

	-42
	0.0
	0.0
	
	-10
	0.0
	0.0
	
	22
	0.0
	0.0
	
	54
	0.0
	0.0

	-41
	0.0
	0.0
	
	-9
	0.0
	0.0
	
	23
	0.0
	0.0
	
	55
	0.0
	0.0

	-40
	-1.414
	-1.414
	
	-8
	-1.414
	-1.414
	
	24
	1.414
	1.414
	
	56
	0.0
	0.0

	-39
	0.0
	0.0
	
	-7
	0.0
	0.0
	
	25
	0.0
	0.0
	
	57
	0.0
	0.0

	-38
	0.0
	0.0
	
	-6
	0.0
	0.0
	
	26
	0.0
	0.0
	
	58
	0.0
	0.0

	-37
	0.0
	0.0
	
	-5
	0.0
	0.0
	
	27
	0.0
	0.0
	
	59
	0.0
	0.0

	-36
	-1.414
	-1.414
	
	-4
	1.414
	1.414
	
	28
	-1.414
	-1.414
	
	60
	0.0
	0.0

	-35
	0.0
	0.0
	
	-3
	0.0
	0.0
	
	29
	0.0
	0.0
	
	61
	0.0
	0.0

	-34
	0.0
	0.0
	
	-2
	0.0
	0.0
	
	30
	0.0
	0.0
	
	62
	0.0
	0.0

	-33
	0.0
	0.0
	
	-1
	0.0
	0.0
	
	31
	0.0
	0.0
	
	63
	0.0
	0.0


One period of the IFFT on the contents of  Table 20 is given in Table 21. 
Table 21 - One period of IFFT of the short training preamble for optional mode of subcarrier arrangement
	##
	Re
	Im
	
	##
	Re
	Im
	
	##
	Re
	Im
	
	##
	Re
	Im

	0
	0.500
	0.500
	
	32
	0.500
	0.500
	
	64
	0.500
	0.500
	
	96
	0.500
	0.500

	1
	-0.145
	0.764
	
	33
	-0.145
	0.764
	
	65
	-0.145
	0.764
	
	97
	-0.145
	0.764

	2
	-0.140


	1.147
	
	34
	-0.140


	1.147
	
	66
	-0.140


	1.147
	
	98
	-0.140


	1.147

	3
	-0.702
	0.400
	
	35
	-0.702
	0.400
	
	67
	-0.702
	0.400
	
	99
	-0.702
	0.400

	4
	-0.780
	0.280
	
	36
	-0.780
	0.280
	
	68
	-0.780
	0.280
	
	100
	-0.780
	0.280

	5
	0.818
	0.059
	
	37
	0.818
	0.059
	
	69
	0.818
	0.059
	
	101
	0.818
	0.059

	6
	0.142
	-0.766
	
	38
	0.142
	-0.766
	
	70
	0.142
	-0.766
	
	102
	0.142
	-0.766

	7
	-0.555
	1.092
	
	39
	-0.555
	1.092
	
	71
	-0.555
	1.092
	
	103
	-0.555
	1.092

	8
	0.250
	0.750
	
	40
	0.250
	0.750
	
	72
	0.250
	0.750
	
	104
	0.250
	0.750

	9
	0.577
	-0.790
	
	41
	0.577
	-0.790
	
	73
	0.577
	-0.790
	
	105
	0.577
	-0.790

	10
	0.620
	-0.703
	
	42
	0.620
	-0.703
	
	74
	0.620
	-0.703
	
	106
	0.620
	-0.703

	11
	0.174
	-0.834
	
	43
	0.174
	-0.834
	
	75
	0.174
	-0.834
	
	107
	0.174
	-0.834

	12
	-0.780
	0.280
	
	44
	-0.780
	0.280
	
	76
	-0.780
	0.280
	
	108
	-0.780
	0.280

	13
	-0.799
	-0.530
	
	45
	-0.799
	-0.530
	
	77
	-0.799
	-0.530
	
	109
	-0.799
	-0.530

	14
	0.414
	-0.714
	
	46
	0.414
	-0.714
	
	78
	0.414
	-0.714
	
	110
	0.414
	-0.714

	15
	-0.420
	0.890
	
	47
	-0.420
	0.890
	
	79
	-0.420
	0.890
	
	111
	-0.420
	0.890

	16
	-0.500
	-0.500
	
	48
	-0.500
	-0.500
	
	80
	-0.500
	-0.500
	
	112
	-0.500
	-0.500

	17
	0.890
	-0.420
	
	49
	0.890
	-0.420
	
	81
	0.890
	-0.420
	
	113
	0.890
	-0.420

	18
	-0.714
	0.414
	
	50
	-0.714
	0.414
	
	82
	-0.714
	0.414
	
	114
	-0.714
	0.414

	19
	-0.530
	-0.799
	
	51
	-0.530
	-0.799
	
	83
	-0.530
	-0.799
	
	115
	-0.530
	-0.799

	20
	0.280
	-0.780
	
	52
	0.280
	-0.780
	
	84
	0.280
	-0.780
	
	116
	0.280
	-0.780

	21
	-0.834
	0.174
	
	53
	-0.834
	0.174
	
	85
	-0.834
	0.174
	
	117
	-0.834
	0.174

	22
	-0.703
	0.620
	
	54
	-0.703
	0.620
	
	86
	-0.703
	0.620
	
	118
	-0.703
	0.620

	23
	-0.790
	0.577
	
	55
	-0.790
	0.577
	
	87
	-0.790
	0.577
	
	119
	-0.790
	0.577

	24
	0.750
	0.250
	
	56
	0.750
	0.250
	
	88
	0.750
	0.250
	
	120
	0.750
	0.250

	25
	1.092
	-0.555
	
	57
	1.092
	-0.555
	
	89
	1.092
	-0.555
	
	121
	1.092
	-0.555

	26
	-0.766
	0.142
	
	58
	-0.766
	0.142
	
	90
	-0.766
	0.142
	
	122
	-0.766
	0.142

	27
	0.059
	0.818
	
	59
	0.059
	0.818
	
	91
	0.059
	0.818
	
	123
	0.059
	0.818

	28
	0.280
	-0.780
	
	60
	0.280
	-0.780
	
	92
	0.280
	-0.780
	
	124
	0.280
	-0.780

	29
	0.400
	-0.702
	
	61
	0.400
	-0.702
	
	93
	0.400
	-0.702
	
	125
	0.400
	-0.702

	30
	1.147
	-0.140
	
	62
	1.147
	-0.140
	
	94
	1.147
	-0.140
	
	126
	1.147
	-0.140

	31
	0.764
	-0.145
	
	63
	0.764
	-0.145
	
	95
	0.764
	-0.145
	
	127
	0.764
	-0.145


ANNEX D Generation of long training preamble for optional mode of subcarrier arrangement
The long training symbol for antenna 1 at time 1,2,3,4, antenna 2 at time 1,3, antenna 3 at time 1,2 and antenna 4 at time 1,4 is described in the time domain in Table 22. 
Table 22 - Time domain representation of the long training symbol (sequences P+L)
	##
	Re
	Im
	
	##
	Re
	Im
	
	##
	Re
	Im
	
	##
	Re
	Im

	0
	-1.770
	0.000
	
	32
	0.378
	0.000
	
	64
	0.838
	0.000
	
	96
	0.000
	0.000

	1
	-1.770
	-0.074
	
	33
	0.279
	-0.176
	
	65
	-0.756
	-0.074
	
	97
	0.116
	-0.176

	2
	1.549
	0.275
	
	34
	1.031
	0.079
	
	66
	-1.636
	0.275
	
	98
	0.106
	0.079

	3
	0.093
	0.012
	
	35
	0.049
	-0.262
	
	67
	-0.509
	0.012
	
	99
	-0.225
	-0.262

	4
	-0.916
	0.163
	
	36
	-1.552
	-0.163
	
	68
	0.902
	0.163
	
	100
	-0.288
	-0.163

	5
	0.154
	0.301
	
	37
	-1.751
	-0.051
	
	69
	0.595
	0.301
	
	101
	0.118
	-0.051

	6
	-0.949
	-0.003
	
	38
	-0.032
	-0.350
	
	70
	2.065
	-0.003
	
	102
	0.310
	-0.350

	7
	1.312
	0.281
	
	39
	0.954
	-0.031
	
	71
	1.040
	0.281
	
	103
	0.035
	-0.031

	8
	1.909
	0.125
	
	40
	-1.117
	-0.125
	
	72
	0.485
	0.125
	
	104
	-0.125
	-0.125

	9
	-0.644
	-0.042
	
	41
	0.030
	-0.208
	
	73
	0.531
	-0.042
	
	105
	-0.010
	-0.208

	10
	-0.424
	0.211
	
	42
	1.232
	0.142
	
	74
	-1.434
	0.211
	
	106
	-0.065
	0.142

	11
	0.403
	-0.142
	
	43
	0.717
	-0.108
	
	75
	1.092
	-0.142
	
	107
	-0.190
	-0.108

	12
	0.875
	-0.068
	
	44
	1.365
	0.068
	
	76
	1.563
	-0.068
	
	108
	0.057
	0.068

	13
	0.191
	0.013
	
	45
	0.401
	0.237
	
	77
	0.122
	0.013
	
	109
	0.343
	0.237

	14
	-0.756
	-0.324
	
	46
	-0.063
	-0.030
	
	78
	0.538
	-0.324
	
	110
	0.102
	-0.030

	15
	-0.564
	-0.044
	
	47
	-1.061
	0.294
	
	79
	-0.278
	-0.044
	
	111
	-0.274
	0.294

	16
	0.308
	-0.177
	
	48
	-1.536
	0.177
	
	80
	0.609
	-0.177
	
	112
	-0.177
	0.177

	17
	-0.035
	-0.294
	
	49
	-1.099
	0.044
	
	81
	-0.085
	-0.294
	
	113
	0.078
	0.044

	18
	-0.801
	0.030
	
	50
	-2.025
	0.324
	
	82
	-0.132
	0.030
	
	114
	0.033
	0.324

	19
	1.018
	-0.237
	
	51
	0.378
	-0.013
	
	83
	1.196
	-0.237
	
	115
	0.004
	-0.013

	20
	0.014
	-0.068
	
	52
	0.971
	0.068
	
	84
	0.103
	-0.068
	
	116
	0.193
	0.068

	21
	-1.539
	0.108
	
	53
	-2.090
	0.142
	
	85
	0.667
	0.108
	
	117
	0.121
	0.142

	22
	-0.491
	-0.142
	
	54
	-0.860
	-0.211
	
	86
	0.981
	-0.142
	
	118
	-0.262
	-0.211

	23
	-0.775
	0.208
	
	55
	0.483
	0.042
	
	87
	0.472
	0.208
	
	119
	-0.284
	0.042

	24
	-0.184
	0.125
	
	56
	-1.001
	-0.125
	
	88
	-1.114
	0.125
	
	120
	0.125
	-0.125

	25
	-1.163
	0.031
	
	57
	-0.271
	-0.281
	
	89
	-0.958
	0.031
	
	121
	0.259
	-0.281

	26
	-1.108
	0.350
	
	58
	0.040
	0.003
	
	90
	2.203
	0.350
	
	122
	0.016
	0.003

	27
	1.082
	0.051
	
	59
	-1.096
	-0.301
	
	91
	-0.225
	0.051
	
	123
	-0.049
	-0.301

	28
	0.282
	0.163
	
	60
	0.279
	-0.163
	
	92
	-1.177
	0.163
	
	124
	0.038
	-0.163

	29
	0.541
	0.262
	
	61
	0.591
	-0.012
	
	93
	1.511
	0.262
	
	125
	-0.122
	-0.012

	30
	0.488
	-0.079
	
	62
	0.889
	-0.275
	
	94
	-0.644
	-0.079
	
	126
	-0.241
	-0.275

	31
	-0.070
	0.176
	
	63
	2.349
	0.074
	
	95
	-1.511
	0.176
	
	127
	0.081
	0.074


The long training symbol for antenna 2 at time 2,4, antenna 3 at time 3,4 and antenna 4 at time 2,3 is described in the time domain in Table 23.
Table 23 - Time domain representation of the long training symbol (sequences P-L)
	##
	Re
	Im
	
	##
	Re
	Im
	
	##
	Re
	Im
	
	##
	Re
	Im

	0
	2.478
	0.000
	
	32
	-0.378
	0.000
	
	64
	-0.131
	0.000
	
	96
	0.000
	0.000

	1
	1.932
	-0.074
	
	33
	-0.048
	-0.176
	
	65
	0.918
	-0.074
	
	97
	0.116
	-0.176

	2
	-2.031
	0.275
	
	34
	-0.820
	0.079
	
	66
	1.154
	0.275
	
	98
	0.106
	0.079

	3
	-0.337
	0.012
	
	35
	-0.498
	-0.262
	
	67
	0.265
	0.012
	
	99
	-0.225
	-0.262

	4
	0.993
	0.163
	
	36
	0.976
	-0.163
	
	68
	-0.825
	0.163
	
	100
	-0.288
	-0.163

	5
	-0.252
	0.301
	
	37
	1.986
	-0.051
	
	69
	-0.692
	0.301
	
	101
	0.118
	-0.051

	6
	0.981
	-0.003
	
	38
	0.653
	-0.350
	
	70
	-2.033
	-0.003
	
	102
	0.310
	-0.350

	7
	-0.794
	0.281
	
	39
	-0.884
	-0.031
	
	71
	-0.522
	0.281
	
	103
	0.035
	-0.031

	8
	-1.659
	0.125
	
	40
	0.867
	-0.125
	
	72
	-0.235
	0.125
	
	104
	-0.125
	-0.125

	9
	0.077
	-0.042
	
	41
	-0.051
	-0.208
	
	73
	-1.098
	-0.042
	
	105
	-0.010
	-0.208

	10
	-0.100
	0.211
	
	42
	-1.362
	0.142
	
	74
	0.911
	0.211
	
	106
	-0.065
	0.142

	11
	-0.160
	-0.142
	
	43
	-1.098
	-0.108
	
	75
	-0.849
	-0.142
	
	107
	-0.190
	-0.108

	12
	-0.490
	-0.068
	
	44
	-1.250
	0.068
	
	76
	-1.178
	-0.068
	
	108
	0.057
	0.068

	13
	-0.182
	0.013
	
	45
	0.284
	0.237
	
	77
	-0.114
	0.013
	
	109
	0.343
	0.237

	14
	0.822
	-0.324
	
	46
	0.267
	-0.030
	
	78
	-0.472
	-0.324
	
	110
	0.102
	-0.030

	15
	0.720
	-0.044
	
	47
	0.513
	0.294
	
	79
	0.433
	-0.044
	
	111
	-0.274
	0.294

	16
	-0.662
	-0.177
	
	48
	1.183
	0.177
	
	80
	-0.963
	-0.177
	
	112
	-0.177
	0.177

	17
	-0.513
	-0.294
	
	49
	1.255
	0.044
	
	81
	-0.463
	-0.294
	
	113
	0.078
	0.044

	18
	1.005
	0.030
	
	50
	2.091
	0.324
	
	82
	0.336
	0.030
	
	114
	0.033
	0.324

	19
	-0.333
	-0.237
	
	51
	-0.369
	-0.013
	
	83
	-0.510
	-0.237
	
	115
	0.004
	-0.013

	20
	0.101
	-0.068
	
	52
	-0.586
	0.068
	
	84
	0.012
	-0.068
	
	116
	0.193
	0.068

	21
	1.158
	0.108
	
	53
	2.333
	0.142
	
	85
	-1.047
	0.108
	
	117
	0.121
	0.142

	22
	0.361
	-0.142
	
	54
	0.337
	-0.211
	
	86
	-1.112
	-0.142
	
	118
	-0.262
	-0.211

	23
	0.754
	0.208
	
	55
	-1.051
	0.042
	
	87
	-0.492
	0.208
	
	119
	-0.284
	0.042

	24
	-0.066
	0.125
	
	56
	1.251
	-0.125
	
	88
	0.864
	0.125
	
	120
	0.125
	-0.125

	25
	1.232
	0.031
	
	57
	0.790
	-0.281
	
	89
	1.027
	0.031
	
	121
	0.259
	-0.281

	26
	1.729
	0.350
	
	58
	-0.007
	0.003
	
	90
	-1.582
	0.350
	
	122
	0.016
	0.003

	27
	-0.846
	0.051
	
	59
	0.998
	-0.301
	
	91
	0.460
	0.051
	
	123
	-0.049
	-0.301

	28
	-0.859
	0.163
	
	60
	-0.203
	-0.163
	
	92
	0.601
	0.163
	
	124
	0.038
	-0.163

	29
	-0.990
	0.262
	
	61
	-0.835
	-0.012
	
	93
	-1.961
	0.262
	
	125
	-0.122
	-0.012

	30
	-0.277
	-0.079
	
	62
	-1.371
	-0.275
	
	94
	0.855
	-0.079
	
	126
	-0.241
	-0.275

	31
	0.301
	0.176
	
	63
	-2.187
	0.074
	
	95
	1.742
	0.176
	
	127
	0.081
	0.074


ANNEX E H1 matrix of LDPC

H1 matrix of PD-LDPC with n=1152, k=864, and rate of ¾ is listed in Table 24.
Table 24 - H1 matrix of PD-LDPC (1152, 864)
	##
	dc
	Position of 1’s

in each column
	##
	dc
	Position of 1’s

in each column
	##
	dc
	Position of 1’s

in each column

	1
	 4
	   1 144 216 288
	46
	 4
	  60 118 223 236
	91
	 4
	  18  23  88 240

	2
	 4
	   1  73 180 252
	47
	 4
	  62  74  94 173
	92
	 4
	  19 101 141 276

	3
	 4
	   2  38 108 162
	48
	 4
	  64 141 206 233
	93
	 4
	  20  41 161 261

	4
	 4
	   3 198 234 270
	49
	 4
	  67 110 148 178
	94
	 4
	  21  53  97 251

	5
	 4
	   4  56  90 126
	50
	 4
	  68 105 127 277
	95
	 4
	  24  38 128 280

	6
	 4
	   5  23 172 244
	51
	 4
	  70 114 151 248
	96
	 4
	  25  70 157 242

	7
	 4
	   6 152 188 260
	52
	 4
	  71 170 195 282
	97
	 4
	  26 200 207 218

	8
	 4
	   7 208 224 280
	53
	 4
	  75  99 122 218
	98
	 4
	  27 107 115 146

	9
	 4
	   8  66 100 136
	54
	 4
	  79 109 204 211
	99
	 4
	  29  87 236 285

	10
	 4
	   9  46  80 116
	55
	 4
	  81  93 163 240
	100
	 4
	  31  71  81 137

	11
	 4
	  10  32 166 238
	56
	 4
	  83 134 171 273
	101
	 4
	  32  39  75 156

	12
	 4
	  11 129 249 265
	57
	 4
	  87 147 230 266
	102
	 4
	  34 179 185 195

	13
	 4
	  12 175 193 275
	58
	 4
	  89 135 185 262
	103
	 4
	  35 138 191 226

	14
	 4
	  13  52 157 229
	59
	 4
	  91 150 207 253
	104
	 4
	  37  91 113 181

	15
	 4
	  14  95 184 203
	60
	 4
	  96 115 197 215
	105
	 4
	  40  45  83 252

	16
	 4
	  15  27  85 140
	61
	 4
	 101 145 242 269
	106
	 4
	  42  60 204 258

	17
	 4
	  16  41 121 283
	62
	 4
	 103 124 232 286
	107
	 4
	  43 136 173 248

	18
	 4
	  17  61 113 256
	63
	 4
	 107 120 155 174
	108
	 4
	  46  62 189 241

	19
	 4
	  18 104 168 212
	64
	 4
	 112 161 228 272
	109
	 4
	  47 149 170 247

	20
	 4
	  19  76 133 149
	65
	 4
	 117 128 183 191
	110
	 4
	  48 114 211 273

	21
	 4
	  20  49 196 220
	66
	 4
	 131 158 187 255
	111
	 4
	  50 127 177 216

	22
	 4
	  21  35  69 205
	67
	 4
	 137 210 235 250
	112
	 4
	  52  67 119 209

	23
	 4
	  22 119 159 267
	68
	 4
	 139 194 217 259
	113
	 4
	  55 131 203 250

	24
	 4
	  24  98 231 254
	69
	 4
	 143 189 202 237
	114
	 4
	  56  76 175 260

	25
	 4
	  25 164 177 222
	70
	 4
	 121 165 225 245
	115
	 4
	  57  64  79 186

	26
	 4
	  26  78 263 271
	71
	 4
	 176 182 206 257
	116
	 4
	  58 197 253 277

	27
	 4
	  28  72 102 190
	72
	 4
	  49 181 264 279
	117
	 4
	  59 169 201 214

	28
	 4
	  29  55 111 219
	73
	 4
	 152 199 276 284
	118
	 4
	  61 165 198 229

	29
	 4
	  30  43  97 278
	74
	 4
	  90 190 213 222
	119
	 4
	  63 125 129 154

	30
	 4
	  31  63 146 261
	75
	 4
	  80 159 221 284
	120
	 4
	  66 202 271 283

	31
	 4
	  33  92 227 285
	76
	 4
	   1   6  13 167
	121
	 4
	  68  89 238 256

	32
	 4
	  34  84 154 214
	77
	 4
	   2  30 245 257
	122
	 4
	  72 116 134 255

	33
	 4
	  36  59 241 274
	78
	 4
	   3 187 193 227
	123
	 4
	  73 106 118 233

	34
	 4
	  37  45 123 186
	79
	 4
	   4  36 120 249
	124
	 4
	  74 176 239 266

	35
	 4
	  39  50  65 247
	80
	 4
	   5  44 148 263
	125
	 4
	  77 151 184 232

	36
	 4
	  40  88 192 209
	81
	 4
	   7  69  94 124
	126
	 4
	  82 111 244 279

	37
	 4
	  42 130 179 200
	82
	 4
	   8 112 132 155
	127
	 4
	  84 160 224 270

	38
	 4
	  44 142 156 169
	83
	 4
	   9  54 104 194
	128
	 4
	  86 108 122 213

	39
	 4
	  47  86 243 251
	84
	 4
	  10  85 110 254
	129
	 4
	  92 100 139 265

	40
	 4
	  48 106 201 226
	85
	 4
	  11  96 133 223
	130
	 4
	  93  98 130 142

	41
	 4
	  51  82 125 258
	86
	 4
	  12  22  28  65
	131
	 4
	  95 161 217 243

	42
	 4
	  53  77 239 281
	87
	 4
	  14  99 105 171
	132
	 4
	 102 153 162 166

	43
	 4
	  54 153 182 268
	88
	 4
	  15 210 268 287
	133
	 4
	 103 143 158 264

	44
	 4
	  57 138 160 167
	89
	 4
	  16  51 117 150
	134
	 4
	 109 188 230 282

	45
	 4
	  58 132 246 287
	90
	 4
	  17  33  78 144
	135
	 4
	 123 168 235 278


Table 24 - H1 matrix of PD-LDPC (1152, 864) (continued)
	##
	dc
	Position of 1’s

in each column
	##
	dc
	Position of 1’s

in each column
	##
	dc
	Position of 1’s

in each column

	136
	 4
	 126 147 208 272
	186
	 4
	  47 168 192 206
	236
	 4
	  18 248 274 277

	137
	 4
	 135 231 275 288
	187
	 4
	  49 152 209 254
	237
	 4
	  21  63 231 264

	138
	 4
	 140 212 220 281
	188
	 4
	  50  54 130 138
	238
	 4
	  22 162 263 269

	139
	 4
	 145 163 219 246
	189
	 4
	  51 167 175 201
	239
	 4
	  23  97 153 216

	140
	 4
	 164 172 186 237
	190
	 4
	  56 142 165 211
	240
	 4
	  24  68 111 180

	141
	 4
	 174 199 205 262
	191
	 4
	  57 133 218 256
	241
	 4
	  25 201 261 279

	142
	 4
	 178 225 259 286
	192
	 4
	  60  71  99 264
	242
	 4
	  27  95 144 159

	143
	 4
	 149 180 267 274
	193
	 4
	  61 126 220 263
	243
	 4
	  28  37  81 206

	144
	 4
	   8 183 198 251
	194
	 4
	  63 105 252 271
	244
	 4
	  29  52 146 149

	145
	 4
	 192 215 221 269
	195
	 4
	  64 120 280 285
	245
	 4
	  30  47  74 105

	146
	 4
	  26 173 191 196
	196
	 4
	  65 111 121 241
	246
	 4
	  31  69 185 241

	147
	 4
	  81 122 180 228
	197
	 4
	  66 156 187 223
	247
	 4
	  33  58 123 249

	148
	 4
	  44 125 234 288
	198
	 4
	  67 154 237 243
	248
	 4
	  36 100 148 229

	149
	 4
	   1 131 147 196
	199
	 4
	  68 139 145 153
	249
	 4
	  38  82 233 271

	150
	 4
	   2  80 169 232
	200
	 4
	  70 179 193 245
	250
	 4
	  40 140 195 242

	151
	 4
	   3  98 212 267
	201
	 4
	  73 247 261 284
	251
	 4
	  42 104 272 284

	152
	 4
	   4  53 134 202
	202
	 4
	  74  91 109 160
	252
	 4
	  43  50 239 244

	153
	 4
	   5 137 176 197
	203
	 4
	  75  95 114 128
	253
	 4
	  44 112 203 285

	154
	 4
	   6  27  59  89
	204
	 4
	  77 135 157 236
	254
	 4
	  46 161 165 200

	155
	 4
	   7  42 164 275
	205
	 4
	  79 124 183 281
	255
	 4
	  49 183 237 258

	156
	 4
	   9 141 230 244
	206
	 4
	  83 146 190 276
	256
	 4
	  53 129 166 181

	157
	 4
	  10 123 199 216
	207
	 4
	  85 118 163 189
	257
	 4
	  54 122 157 260

	158
	 4
	  11  69  78 268
	208
	 4
	  86 103 175 215
	258
	 4
	  55 103 172 267

	159
	 4
	  12  34 272 278
	209
	 4
	  87 200 238 249
	259
	 4
	  57 143 184 209

	160
	 4
	  13  37 136 221
	210
	 4
	  94 101 170 279
	260
	 4
	  59 101 198 286

	161
	 4
	  14  88 129 225
	211
	 4
	  96 126 188 240
	261
	 4
	  61  79 107 176

	162
	 4
	  15 143 228 248
	212
	 4
	 106 208 242 265
	262
	 4
	  62  87 119 193

	163
	 4
	  16 102 185 266
	213
	 4
	 112 140 152 274
	263
	 4
	  64  70  89 108

	164
	 4
	  17  97 233 260
	214
	 4
	 117 178 203 277
	264
	 4
	  65 139 197 288

	165
	 4
	  18  72 155 207
	215
	 4
	  48 144 182 195
	265
	 4
	  66  88 141 235

	166
	 4
	  19  38  62 250
	216
	 4
	 159 213 219 258
	266
	 4
	  67  75 102 174

	167
	 4
	  20 110 171 257
	217
	 4
	 162 229 235 253
	267
	 4
	  71  86 132 270

	168
	 4
	  21  58  82 222
	218
	 4
	 174 181 217 287
	268
	 4
	  73  78  84 282

	169
	 4
	  22  31 113 286
	219
	 4
	  35 116 220 234
	269
	 4
	  76 221 228 254

	170
	 4
	  23  84 100 204
	220
	 4
	   1 120 222 270
	270
	 4
	  80  94 110 251

	171
	 4
	  24 194 246 273
	221
	 4
	   2  45 255 265
	271
	 4
	  85 155 230 256

	172
	 4
	  25  92 116 210
	222
	 4
	   3  34 225 261
	272
	 4
	  91 133 169 179

	173
	 4
	  28 148 151 224
	223
	 4
	   4  15  20 145
	273
	 4
	  93 135 194 208

	174
	 4
	  29  48 253 262
	224
	 4
	   5  83 106 130
	274
	 4
	  96 257 280 287

	175
	 4
	  30  90 158 217
	225
	 4
	   6  77  92 154
	275
	 4
	  98 137 151 189

	176
	 4
	  32 131 150 269
	226
	 4
	   7  26  32 245
	276
	 4
	  99 117 147 186

	177
	 4
	  33  52 108 172
	227
	 4
	   8  51  90 210
	277
	 4
	 109 127 226 243

	178
	 4
	  35  76 163 283
	228
	 4
	   9  56  60 262
	278
	 4
	 113 164 214 266

	179
	 4
	  36 115 177 184
	229
	 4
	  10 115 173 252
	279
	 4
	 114 219 238 276

	180
	 4
	  39 104 205 227
	230
	 4
	  11  41 167 227
	280
	 4
	 118 121 192 217

	181
	 4
	  40  55 107 231
	231
	 4
	  12 142 218 281
	281
	 4
	 124 138 207 213

	182
	 4
	  41  93 214 255
	232
	 4
	  13 177 187 246
	282
	 4
	 125 191 211 247

	183
	 4
	  43 119 166 282
	233
	 4
	  14  72 199 223
	283
	 4
	 128 160 268 283

	184
	 4
	  45 132 226 239
	234
	 4
	  16  19 232 273
	284
	 4
	 134 212 215 259

	185
	 4
	  46 127 259 270
	235
	 4
	  17  39 171 224
	285
	 4
	 136 178 190 205


Table 24 - H1 matrix of PD-LDPC (1152, 864) (continued)
	##
	dc
	Position of 1’s

in each column
	##
	dc
	Position of 1’s

in each column
	##
	dc
	Position of 1’s

in each column

	286
	 4
	 150 182 204 278
	336
	 4
	  64 137 216 283
	386
	 4
	  32  54 189 279

	287
	 4
	 156 196 240 275
	337
	 4
	  65 157 226 249
	387
	 4
	  33  88 264 281

	288
	 4
	  75 158 170 234
	338
	 4
	  66  97 211 266
	388
	 4
	  35  79  83 166

	289
	 4
	  31 116 168 188
	339
	 4
	  68 134 176 264
	389
	 4
	  36  98 158 199

	290
	 4
	  58 180 202 220
	340
	 4
	  70 149 188 258
	390
	 4
	  37 142 238 283

	291
	 4
	  22  83 169 236
	341
	 4
	  71 152 173 201
	391
	 4
	  38 115 121 239

	292
	 4
	 118 212 250 257
	342
	 4
	  72 238 272 286
	392
	 4
	  39 173 219 243

	293
	 4
	   1 165 205 209
	343
	 4
	  74 129 163 285
	393
	 4
	  40  59 125 160

	294
	 4
	   2   8  12  95
	344
	 4
	  76 106 203 245
	394
	 4
	  42  78 122 155

	295
	 4
	   3  40 153 218
	345
	 4
	  84  87  96 105
	395
	 4
	  44  70 127 209

	296
	 4
	   4  47 194 204
	346
	 4
	  89 124 221 244
	396
	 4
	  45  61 103 152

	297
	 4
	   5  94 228 246
	347
	 4
	  91 198 231 247
	397
	 4
	  46  73 108 278

	298
	 4
	   6  46  82 156
	348
	 4
	  99 112 119 177
	398
	 4
	  47 137 218 222

	299
	 4
	   7 144 192 277
	349
	 4
	 102 115 236 256
	399
	 4
	  48 116 148 231

	300
	 4
	   9  17 186 190
	350
	 4
	 110 200 215 235
	400
	 4
	  49 136 150 163

	301
	 4
	  10  13  55 214
	351
	 4
	 111 160 164 174
	401
	 4
	  50  60 206 267

	302
	 4
	  11 113 131 262
	352
	 4
	 114 185 207 260
	402
	 4
	  51  80  87 212

	303
	 4
	  14  35  42 242
	353
	 4
	 121 127 135 172
	403
	 4
	  52  81 153 245

	304
	 4
	  15 166 206 259
	354
	 4
	 138 199 273 282
	404
	 4
	  56 195 248 251

	305
	 4
	  16 197 208 237
	355
	 4
	 141 213 224 241
	405
	 4
	  58  95 269 282

	306
	 4
	  18  52 142 252
	356
	 4
	 143 171 239 253
	406
	 4
	  62 104 114 132

	307
	 4
	  19  33 243 255
	357
	 4
	 147 184 234 268
	407
	 4
	  63 117 139 170

	308
	 4
	  20  81 103 288
	358
	 4
	 151 162 187 191
	408
	 4
	  65  85 168 183

	309
	 4
	  21  73 128 240
	359
	 4
	 151 159 205 265
	409
	 4
	  66 120 138 277

	310
	 4
	  23  51 189 195
	360
	 4
	 167 250 266 284
	410
	 4
	  67 198 213 249

	311
	 4
	  24  43 140 225
	361
	 4
	  53 193 210 219
	411
	 4
	  68 169 210 260

	312
	 4
	  25 126 150 276
	362
	 4
	  82 133 208 248
	412
	 4
	  69 119 214 276

	313
	 4
	  26  48  93 123
	363
	 4
	   1  75 124 242
	413
	 4
	  71  97 111 184

	314
	 4
	  27  69 202 278
	364
	 4
	   2  23 220 247
	414
	 4
	  72 110 167 194

	315
	 4
	  28 108 117 133
	365
	 4
	   3  29 221 240
	415
	 4
	  76 190 235 280

	316
	 4
	  29  61 154 168
	366
	 4
	   4  12 191 216
	416
	 4
	  77 113 246 252

	317
	 4
	  30  78 125 254
	367
	 4
	   5   8  57 214
	417
	 4
	  89 150 165 271

	318
	 4
	  32 100 161 267
	368
	 4
	   6  19 178 268
	418
	 4
	  91 184 259 263

	319
	 4
	  34 233 269 274
	369
	 4
	   7 181 211 255
	419
	 4
	  94 147 175 204

	320
	 4
	  36  54 109 196
	370
	 4
	   9  41 180 286
	420
	 4
	  96 201 228 234

	321
	 4
	  37 155 170 227
	371
	 4
	  10  90 226 232
	421
	 4
	   5  99 109 144

	322
	 4
	  38 130 145 175
	372
	 4
	  11  25 171 217
	422
	 4
	 100 107 225 237

	323
	 4
	  39  77 120 182
	373
	 4
	  13 161 202 280
	423
	 4
	 101 129 188 253

	324
	 4
	  41  79 139 222
	374
	 4
	  14  31 182 193
	424
	 4
	 106 213 256 275

	325
	 4
	  44  90 107 279
	375
	 4
	  15  34 236 265
	425
	 4
	  53 112 185 257

	326
	 4
	  45  85 101 179
	376
	 4
	  16  43  92 146
	426
	 4
	 118 126 227 244

	327
	 4
	  49 104 146 223
	377
	 4
	  17  74 135 258
	427
	 4
	 123 128 131 176

	328
	 4
	  50 251 263 275
	378
	 4
	  18  55 179 287
	428
	 4
	  77 130 170 241

	329
	 4
	  53 158 178 230
	379
	 4
	  20  64  75  84
	429
	 4
	 134 159 196 233

	330
	 4
	  56  88 132 148
	380
	 4
	  21  26 102 228
	430
	 4
	 140 172 181 200

	331
	 4
	  57  98 181 271
	381
	 4
	  22 105 174 250
	431
	 4
	  95 141 164 254

	332
	 4
	  59  86 136 281
	382
	 4
	  24  86 223 229
	432
	 4
	 143 179 191 285

	333
	 4
	  60  67 232 280
	383
	 4
	  27 157 270 273
	433
	 4
	  61 145 203 207

	334
	 4
	  62  92 122 183
	384
	 4
	  28 215 230 261
	434
	 4
	 149 162 281 288

	335
	 4
	  63  80 229 287
	385
	 4
	  30  93 177 284
	435
	 4
	 106 154 187 259


Table 24 - H1 matrix of PD-LDPC (1152, 864) (continued)
	##
	dc
	Position of 1’s

in each column
	##
	dc
	Position of 1’s

in each column
	##
	dc
	Position of 1’s

in each column

	436
	 4
	 156 192 262 272
	486
	 4
	   4  78 235 286
	536
	 4
	  36 208 261 268

	437
	 4
	  21 186 217 274
	487
	 4
	  80 113 208 216
	537
	 4
	  37  84 185 191

	438
	 4
	 108 158 167 197
	488
	 4
	  82 185 198 255
	538
	 4
	  38  59 152 237

	439
	 4
	 166 196 224 246
	489
	 4
	  84 121 149 210
	539
	 4
	  39  52 223 259

	440
	 4
	   1 112 116 237
	490
	 4
	  88 161 169 258
	540
	 4
	  40 150 228 239

	441
	 4
	   2 262 274 283
	491
	 4
	  90 168 172 265
	541
	 4
	  43  96 113 137

	442
	 4
	   3  64  72 263
	492
	 4
	  51  93 109 223
	542
	 4
	  44 133 153 273

	443
	 4
	   4  63 224 266
	493
	 4
	  15  97 226 276
	543
	 4
	  31  45  51 280

	444
	 4
	   6 163 171 231
	494
	 4
	 105 157 190 220
	544
	 4
	  22  48 141 287

	445
	 4
	   7  34 219 229
	495
	 4
	 107 193 253 284
	545
	 4
	  49 160 203 249

	446
	 4
	   8  39 188 264
	496
	 4
	  78 111 117 142
	546
	 4
	  50 106 174 202

	447
	 4
	   9  15 177 271
	497
	 4
	  57 114 118 288
	547
	 4
	  53  85 162 267

	448
	 4
	  10  70 160 212
	498
	 4
	 119 123 145 156
	548
	 4
	  54  71 125 161

	449
	 4
	  11  59  81 127
	499
	 4
	   9 120 162 201
	549
	 4
	  55 156 183 254

	450
	 4
	  12  91 152 244
	500
	 4
	 122 187 195 238
	550
	 4
	  58 146 211 235

	451
	 4
	  13 101 104 121
	501
	 4
	  17 132 199 279
	551
	 4
	  60 234 265 277

	452
	 4
	  14  46  67 288
	502
	 4
	 133 164 182 220
	552
	 4
	  63  69 172 184

	453
	 4
	  16  54 221 252
	503
	 4
	  61 136 261 273
	553
	 4
	  64 169 176 246

	454
	 4
	  17 100 130 209
	504
	 4
	  24 143 155 269
	554
	 4
	  67  79 104 155

	455
	 4
	  18  41  50 147
	505
	 4
	 144 174 240 243
	555
	 4
	  34  68 132 167

	456
	 4
	  19  31  79 200
	506
	 4
	 151 180 243 257
	556
	 4
	  72 170 245 281

	457
	 4
	  20  66 115 179
	507
	 4
	 159 175 211 225
	557
	 4
	  73 129 139 143

	458
	 4
	  22  36  94 154
	508
	 4
	  22  46 176 227
	558
	 4
	  74 117 122 200

	459
	 4
	  23 158 183 272
	509
	 4
	  81 178 236 247
	559
	 4
	  76 100 111 131

	460
	 4
	  24  56 124 197
	510
	 4
	 186 232 253 287
	560
	 4
	  80 102 130 154

	461
	 4
	  25  87 153 205
	511
	 4
	 192 249 268 279
	561
	 4
	  82 140 193 201

	462
	 4
	  26 198 204 239
	512
	 4
	  34 188 203 222
	562
	 4
	  83 243 271 278

	463
	 4
	  27 129 137 275
	513
	 4
	   5  30 207 270
	563
	 4
	  86 157 182 265

	464
	 4
	  28  68 125 251
	514
	 4
	  46 147 219 254
	564
	 4
	  87 101 128 263

	465
	 4
	  29  99 138 233
	515
	 4
	  62 102 244 277
	565
	 4
	  85  88 127 222

	466
	 4
	  30  37 134 242
	516
	 4
	  41 215 246 278
	566
	 4
	  89  99 229 247

	467
	 4
	  18  32  57  86
	517
	 4
	   1  93 260 264
	567
	 4
	  81  90 205 269

	468
	 4
	  33  96 165 194
	518
	 4
	   2  42  75 112
	568
	 4
	  97 178 213 262

	469
	 4
	  35 131 141 248
	519
	 4
	   3  32  94 171
	569
	 4
	  98 197 207 236

	470
	 4
	  38  44 195 267
	520
	 4
	   6  14 118 206
	570
	 4
	 107 124 251 255

	471
	 4
	  40 110 202 260
	521
	 4
	   7  20 199 227
	571
	 4
	 109 166 214 272

	472
	 4
	  42  89 128 189
	522
	 4
	   8 105 123 241
	572
	 4
	  12 115 242 276

	473
	 4
	  43 103 218 241
	523
	 4
	  10  28 204 274
	573
	 4
	 119 134 231 285

	474
	 4
	  45 135 250 282
	524
	 4
	  12 110 186 270
	574
	 4
	  66 126 149 218

	475
	 4
	  11  47 102 140
	525
	 4
	  16  95 187 224
	575
	 4
	 135 153 168 286

	476
	 4
	  13  48 126 139
	526
	 4
	  19  56  65 209
	576
	 4
	 136 180 194 240

	477
	 4
	  49  69 230 252
	527
	 4
	  21  47 175 238
	577
	 4
	 101 138 142 212

	478
	 4
	  51  73 148 164
	528
	 4
	  23  70 148 163
	578
	 4
	 145 151 190 282

	479
	 4
	  52  85 234 284
	529
	 4
	  25 103 120 283
	579
	 4
	 127 159 230 275

	480
	 4
	  55  92 256 270
	530
	 4
	  26 116 167 232
	580
	 4
	  79 157 173 250

	481
	 4
	  58  76 173 206
	531
	 4
	  27  91 100 257
	581
	 4
	 189 215 226 233

	482
	 4
	  60  92 215 245
	532
	 4
	  29 165 181 248
	582
	 4
	  74 210 221 256

	483
	 4
	  62  83 216 225
	533
	 4
	  31  66  77 108
	583
	 4
	  57 208 225 258

	484
	 4
	  65  74  98 146
	534
	 4
	  33 114 192 196
	584
	 4
	   1 133 198 263

	485
	 4
	  71 217 220 285
	535
	 4
	  35 144 177 266
	585
	 4
	   2 216 259 279


Table 24 - H1 matrix of PD-LDPC (1152, 864) (continued)
	##
	dc
	Position of 1’s

in each column
	##
	dc
	Position of 1’s

in each column
	##
	dc
	Position of 1’s

in each column

	586
	 4
	   3  77 231 276
	636
	 4
	  95 168 239 241
	686
	 4
	  44  47  71  76

	587
	 4
	   4  70 175 287
	637
	 4
	  97 104 128 275
	687
	 4
	  46 134 138 173

	588
	 4
	   5  40  78 104
	638
	 4
	 109 140 170 238
	688
	 4
	  48  50 108 199

	589
	 4
	   6 132 191 201
	639
	 4
	 114 117 138 154
	689
	 4
	  49  62 218 247

	590
	 4
	   7  65 123 171
	640
	 4
	 115 131 226 258
	690
	 4
	  51 171 184 271

	591
	 4
	   8  29 134 139
	641
	 4
	 126 169 217 264
	691
	 4
	  52  95 198 276

	592
	 4
	   9  39 112 129
	642
	 4
	 130 150 183 196
	692
	 4
	  53 123 141 286

	593
	 4
	  10  64  99 185
	643
	 4
	 135 161 187 269
	693
	 4
	  56 130 242 257

	594
	 4
	  11  23 125 260
	644
	 4
	 141 146 204 266
	694
	 4
	  59 187 196 266

	595
	 4
	  13 110 142 277
	645
	 4
	   2 143 146 186
	695
	 4
	  68  77 188 202

	596
	 4
	  14  26  98 230
	646
	 4
	 145 172 176 228
	696
	 4
	  72 127 180 211

	597
	 4
	  15 119 189 245
	647
	 4
	 151 174 214 280
	697
	 4
	  74 126 182 197

	598
	 4
	  16  30 107 205
	648
	 4
	 180 184 207 223
	698
	 4
	  78 151 181 193

	599
	 4
	  17  28 166 242
	649
	 4
	 194 212 233 268
	699
	 4
	  79 106 152 189

	600
	 4
	  18 124 162 165
	650
	 4
	 195 254 273 286
	700
	 4
	  81 132 203 253

	601
	 4
	  19 120 125 203
	651
	 4
	 236 244 251 283
	701
	 4
	  82 113 168 194

	602
	 4
	  20  24  58 106
	652
	 4
	   1  43  55 117
	702
	 4
	  83 120 156 213

	603
	 4
	  21  45 182 234
	653
	 4
	   3  58 167 186
	703
	 4
	  85 119 170 176

	604
	 4
	  25  41 252 282
	654
	 4
	   4  45  87 115
	704
	 4
	  86  88  91 190

	605
	 4
	  27  84 103 208
	655
	 4
	   5  84 139 261
	705
	 4
	  89  96 110 145

	606
	 4
	  32  55  73 213
	656
	 4
	   6  66 137 220
	706
	 4
	  92 105 229 273

	607
	 4
	  33  43 240 283
	657
	 4
	   7  75 169 288
	707
	 4
	  93 192 222 245

	608
	 4
	  35  47 253 256
	658
	 4
	   8  35 148 212
	708
	 4
	  97 200 204 237

	609
	 4
	  36 163 190 193
	659
	 4
	   9 102 133 243
	709
	 4
	 101 159 238 280

	610
	 4
	  37 197 224 250
	660
	 4
	  10 100 116 143
	710
	 4
	 107 165 191 241

	611
	 4
	  38  69  72  96
	661
	 4
	  11  65 175 221
	711
	 4
	 109 250 265 285

	612
	 4
	  42  48  76 281
	662
	 4
	  13  60 233 248
	712
	 4
	 112 157 207 224

	613
	 4
	  44 147 177 200
	663
	 4
	  14  23  90 166
	713
	 4
	 118 172 260 270

	614
	 4
	  49 156 178 232
	664
	 4
	  15  63 240 278
	714
	 4
	 109 136 219 287

	615
	 4
	  50  93 185 235
	665
	 4
	  16 135 164 281
	715
	 4
	 140 232 259 282

	616
	 4
	  52 131 148 206
	666
	 4
	  17  99 228 236
	716
	 4
	 154 230 263 283

	617
	 4
	  53  61 160 209
	667
	 4
	  18 122 159 249
	717
	 4
	 123 161 163 256

	618
	 4
	  12  54 248 262
	668
	 4
	  19  27  73 147
	718
	 4
	 174 183 269 279

	619
	 4
	  56 173 274 284
	669
	 4
	  20  94 129 160
	719
	 4
	  78 206 237 251

	620
	 4
	  59 105 155 219
	670
	 4
	  21  38 114 155
	720
	 4
	  99 210 225 246

	621
	 4
	  60 108 152 285
	671
	 4
	  22  25  57 121
	721
	 4
	 176 223 252 274

	622
	 4
	  62 111 181 222
	672
	 4
	  24  70 144 234
	722
	 4
	 184 227 264 284

	623
	 4
	  63 192 247 257
	673
	 4
	  26 103 209 272
	723
	 4
	 170 264 275 277

	624
	 4
	  67 137 179 267
	674
	 4
	  28  54 124 177
	724
	 4
	   1  44 132 212

	625
	 4
	  68 118 158 261
	675
	 4
	  29  69 178 216
	725
	 4
	   2 138 153 187

	626
	 4
	  71 149 159 164
	676
	 4
	  30  67  80 201
	726
	 4
	   3 109 192 251

	627
	 4
	  75 211 254 271
	677
	 4
	  31 142 162 214
	727
	 4
	   4  43  54 213

	628
	 4
	  80  90 218 255
	678
	 4
	  32  61  64 205
	728
	 4
	   5 226 279 281

	629
	 4
	  82  92 144 249
	679
	 4
	  33  98 153 262
	729
	 4
	   6  58 174 274

	630
	 4
	  83 221 229 237
	680
	 4
	  34 111 128 149
	730
	 4
	   7 193 242 259

	631
	 4
	  86 210 227 272
	681
	 4
	  36  41 226 244
	731
	 4
	   8 167 228 238

	632
	 4
	  87  94 202 288
	682
	 4
	  37 195 231 258
	732
	 4
	   9 181 216 250

	633
	 4
	  88 113 122 199
	683
	 4
	  39 150 179 255
	733
	 4
	  10 169 219 240

	634
	 4
	  89 116 136 267
	684
	 4
	  40 158 215 268
	734
	 4
	  11  73 107 235

	635
	 4
	  91 121 188 278
	685
	 4
	  42 217 235 239
	735
	 4
	  12  76 154 180


Table 24 - H1 matrix of PD-LDPC (1152, 864) (continued)
	##
	dc
	Position of 1’s

in each column
	##
	dc
	Position of 1’s

in each column
	##
	dc
	Position of 1’s

in each column

	736
	 4
	  13  21  32  80
	786
	 4
	 125 182 186 225
	836
	 4
	  57 120 179 266

	737
	 4
	  14  71 160 272
	787
	 4
	 126 178 215 241
	837
	 4
	  59 220 230 273

	738
	 4
	  15 113 121 163
	788
	 4
	  77 128 218 243
	838
	 4
	  60 225 240 287

	739
	 4
	  16  27  90 247
	789
	 4
	 129 149 215 266
	839
	 4
	  61  72 206 288

	740
	 4
	  17  46  89 245
	790
	 4
	 131 189 252 273
	840
	 4
	  62 103 137 162

	741
	 4
	  18  53 237 265
	791
	 4
	  23 134 276 278
	841
	 4
	  63 173 202 213

	742
	 4
	   8  19  25  69
	792
	 4
	 137 190 242 263
	842
	 4
	  64 148 150 181

	743
	 4
	  20 151 168 275
	793
	 4
	 155 172 221 233
	843
	 4
	  65  84 174 267

	744
	 4
	  22 118 188 255
	794
	 4
	 173 254 268 288
	844
	 4
	  66 166 171 209

	745
	 4
	  23  33  77 257
	795
	 4
	 194 253 269 276
	845
	 4
	  68  96 263 272

	746
	 4
	  24 146 185 270
	796
	 4
	 200 206 220 252
	846
	 4
	  70  83 178 280

	747
	 4
	  26 113 152 155
	797
	 4
	  42 203 256 282
	847
	 4
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� The fixed-beam reception mode in the uplink can be used either for reception of two multiplexed data streams from station reciprocal to the downlink, or for beamforming reception of one data streams from station.


� The matrix can be viewed as an approximation of the downlink channel covariance matrix.
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