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1 Introduction
This document describes a common simulation chain to compare various coding schemes, in addition to simulation parameters agreed upon.

This common simulation chain is intended to be developed and used in the labs of ETRI, FT, I2R, and Motorola to compare the performances of the different channel coding mechanisms described in the draft text.

In the first round of simulation the simplifications described in 6 are proposed to be done.

2 OFDMA parameters

The OFDMA parameters are the following:

· FFT size


: 2048;

· Guard subcarriers left
: 184;

· Guard subcarriers right
: 183;

· DC subcarrier

: 1

· Usefull subcarriers

: 1680;

· Pilots


: 240

· Data Symbol sub-carriers
: 1440.

· Guard interval

: 1/16

3 Basic simulation parameters

The basic system parameters are the following:

· Constellation



: QPSK, 16 QAM, 64 QAM

· Channel coding



: ½, ¾

· Channel model



: Gaussian and WRAN Profile B.

· Size of the block after channel coding
: 576 bits.

The simulations will be done in base-band.

The measurements are performed with a minimum of 100 errors (BER). The target is to measure 10 -6 errors in BER. That means that the simulations will be done on bit-streams of at least 10 +8 bits.
4 Simulation tool

The synopsis of the simulation tool is given in Figure 1.
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Figure 1
5 Simulation parameters

5.1 Channel coding

5.1.1 Convolutional

· Mother convolutional code at 64 states ;

· Generator polynomials of the mother code:

· G1=171oct,
· G2=133oct.
· Rate 3/4 with a puncturing pattern:

· X: 1 0 1;

· Y: 1 1 0. 
· Tail-biting is used.

5.1.2 LDPC

The LDPC parameters will be defined by ETRI and Motorola in the next version of the document.
5.1.3 Duo-binary Turbo-Code

The DBTC parameters will be defined by FT in the next version of the document.
5.1.4 SBTC

The SBTC parameters will be defined by I2R in the next version of the document.
5.2 Bit Interleaving

The bit interleaver specified by 802.16 (see IEEE 802.16 2004 document and IEEE 802.16e 2005 corrigendum) will be used.

5.3 Frequency interleaving

The frequency interleaver specified by 802.16 (see IEEE 802.16 2004 document and IEEE 802.16e 2005 corrigendum) will be used.

5.4 Null carriers insertion

368 ( 2048 – 1680) null sub-carriers are inserted at the edge of the bandwidth and DC.

· 183 on right side;

· DC sub-carrier;

· 184 on the left side.

5.5 OFDM modulator

The parameters of the modulator are given in section 2.

5.6 Channel models

Two channel models are used:

· AWGN;

· Profile B of WRAN channel modeling. Remark: The values given in Table 1 of doc IEEE802.22-5/0055r7 are taken as power.

	
	Path 1
	Path 2
	Path 3
	Path 4
	Path 5
	Path 6

	Delay (µs)
	-3
	0
	2
	4
	7
	11

	Power (dB)
	-6
	0
	-7
	-22
	-16
	-20

	Power (linear)
	0,25
	1
	0,2
	0,0063
	0,025
	0,01

	Normalized power. (linear)
	0,1676
	0,67
	0,134
	0,0042
	0,0168
	0,007

	Normalized power. (dB)
	-7,76
	-1,74
	-8,73
	-23,77
	-17,75
	-21,55

	Doppler (Hz)
	0.1
	0
	0.13
	2.5
	0.17
	0.37


To avoid any interpolation and therefore reduce the simulation time the values of the delays will be adjusted to the value of the closest number of sample periods.

5.7 Channel estimation

The channel estimation mechanism is perfect. The channel is independently estimated with a known sequence.

5.8 Channel correction

The samples are corrected with a complex multiplier fed by the channel estimation coefficients.

5.9 Error counting

Two measurements are done:

· Bit error rate;

· Packet error rate. The size of the packet is 576 bits.

6 Simplifications

The following simplifications have been agreed on for a first comparison round between the simulation tools:

1. The data set that is used to calculate the BER is considered as a continuous stream split into blocks that fill all the sub-channels offered by the modulator.

2. The 1440 data sub-carriers are used to evaluate the BER.

7 Mode of operation

7.1 BER and PER measurement

BER and PER are obtained with a comparison of a bit-stream that enters the modulator and is delivered by the demodulator.

· The bit stream is split in blocks.

· The blocks are allocated to one or several sub-channels.
7.2 Block size

The size of the blocks to consider in the simulations are given in Table 1
	Block size before encoding (bits)
	Block size after encoding (bits)

	R = 1/2
	R = 3/4
	

	288
	432
	576


Table 1
7.3 Block to burst allocation

7.3.1 Burst definition

A burst is a rectangle of k sub-channels on j OFDM symbols.
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7.3.2 Sub-channel

For the simulation we consider that a sub-channel comprises 24 data sub-carriers and 4 pilot sub-carriers. There are 60 sub-channels.

7.3.3 Types of burst
Two types of bursts are considered in the simulation:

· Burst in frequency: it is when j = 1. The block is transmitted in a single OFDM symbol. The number of sub-channels allocated to a block depends on the constellation type. It is given by the following table:

	Constellation
	QPSK
	16 QAM
	64 QAM

	# of sub-channel/block
	12
	6
	4
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· Burst in time: it is when jk= 1. The block is allocated to a single sub-channel. The number of OFDM symbols on which a block is spread depends on the constellation type. It is given by the following table:

	Constellation
	QPSK
	16 QAM
	64 QAM

	# of OFDM symbols/block
	12
	6
	4
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7.4 Bit interleaving

In 802.16e bit-interleaving depends on:

· The type of constellation;

· The type of burst.

The value of n in section 8.4.9.3.1 of IEEE Std 802.16e-2005 is fixed at:

· 1 when burst in frequency;

· 2 when burst in time and 64 QAM;

· 3 when burst in time and 16 QAM;

· 6 when burst in time and QPSK;

Bit interleaving for a 576 bits block is complies with the following files attached to this document:

	
	QPSK
	16 QAM
	64 QAM

	Burst in frequency
	Bit_int_4_576.dat
	Bit_int_16_576.dat
	Bit_int_64_576.dat

	Burst in time
	Bit_int_4_576_T.dat
	Bit_int_16_576_T.dat
	Bit_int_64_576_T.dat


In each of these file:

· The rank of the data is the index of the destination (from 1 to 576);

· The value of the data is the index of the source (from 1 to 576).
7.5 Data symbol to sub-carriers allocation (frequency interleaving)

The data-symbols to sub-carriers allocation mechanism is fully described in section 8.4.6.1.2.1 of IEEE Std 802.16-2004. We propose to use it for our simulations.

Frequency interleaving for 1681 sub-carriers complies with the following files attached to this document:

	
	Even symbol
	Odd symbol

	File name
	Freq_int_wimax_even.dat
	Freq_int_wimax_odd.dat


It is assumed that the 1440 first inputs are the data-symbols (60 sub-channels placed side by side) and the 241 last inputs are the values of the pilot and DC sub-carriers.

In each of these file:

· The rank of the data is the index of the destination (from 0 to 1680);

· The value of the data is the index of the source (from 0 to 1680).
8 Simulation in uplink

The same simulation mechanism can be used for uplink with the restriction that the number of OFDM symbols in a burst (j) should be a multiple of 5.

We propose to carry out uplink simulations with:

· Blocks of 480 bits;

· Sub-channels with 16 data and 4 pilot sub-carriers.
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This document describes a common simulation chain to compare various advanced coding schemes for IEEE 802.22 WRANs, in addition to some suggested simulation parameters. 
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