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FEC for multi regional FSK

1. Transmitter block diagram and frame format
A functional block diagram for a possible transmitter implementation is illustrated in Figure 1. The transmitter may consist of a FEC encoder and an interleaver as options, and consists of a scrambler and a MR-FSK modulator as shown in Figure 1. As shown the Figure, a PHY header (PHR) and PHY payload, i.e., PSDU with tail bits, may be encoded the FEC encoder and interleaved by the interleaver, and then shall be scrambled for the purpose of data whitening to remove the undesirable spectrum spikes. Next the preamble shall be prepended to the encoded-and-scrambled header and PHY payload, and sent to the modulator. 
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Figure 1: Transmitter functional block diagram

Figure 2 shows the format for the encoded-and-scrambled PHY payload, which is prefixed with a synchronization header (SHR), containing the preamble sequence and Start-of-Frame Delimiter (SFD) fields, and a PHY header (PHR) containing the length of the PHY payload in octets. The SHR, PHR, and PHY payload together form the PHY packet (i.e., PPDU). PHR and PHY payload with 4 tail bits appended may be encoded with the FEC encoder, and then interleaved. The following provides detailed specifications of the FEC encoder and the interleaver.
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Figure 2: Frame format

2. FEC encoder
Convolutional encoding is an optional feature that allows devices to extend the transmission range. Two types of convolutional encoder may be applied based on receiver capability: systematic or non-systematic convolutional encoder. Since devices can decode the receiving encoded data without convolutional (Viterbi) decoder and can support broadcasting to both devices with FEC and without FEC, the systematic encoder is used to achieve flexible receiver configuration or a choice of flexible decoding methods corresponding to different transmission range. The non-systematic convolutional encoder is used to realize unique receiver configuration. PHR and payload data with 4 tail bits appended may be encoded with either systematic convolutional encoder of code rate 1/2 or non-systematic convolutional encoder of code rate 1/2. Either convolutional encoder shall be applied by using PIB. The PIB that indicates non-systematic or systematic convolution code may be exchanged between devices or may be implemented in the devices in advance if the PIB is not exchange between devices.
i. Systematic convolutional encoder

The convolutional encoder shall use constraint length K = 4, delay memory 3, connection vectors g0 = {1,1,0,1} and g1 ={1,1,1,1}, of mother code rate 1/2, and the feedback connection vector shall be set to be g0 as shown in Figure 3. In the encoder, the tail bits T0–T3 shall be appended according to the delay memory values S0-S2 in Table 1 in order to return the encoder to the zero state the end of every payload, i.e., PHR and payload appending tail bits. 

ii. Non-systematic convolutional encoder

The convolutional encoder shall use constraint length K = 4, delay memory 3 with connection vectors g0 = {1,1,0,1} and g1 ={1,1,1,1}, of mother code rate 1/2. A detailed schematic diagram of the non-systematic convolutional encoder is shown in Figure 4. The bit denoted as “u0” shall be output from the encoder before the bit denoted as “u1”. For the non-systematic convolutional encoder, 4 “zero” tail bits shall be appended. The initial value of the delay memory shall be zero at the beginning of every header.
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Figure 3: A possible implementation of the Systematic convolutional encoder
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Figure 4: A possible implementation of the non-systematic convolutional Encoder

Table 1: Tail bit pattern for the systematic convolutional Encoder

	S0-S2
	T0-T3

	000
	0000

	100
	1000

	010
	1100

	110
	0100

	001
	1110

	101
	0110

	011
	0010

	111
	1010


iii. Interleaver

All data bits encoded with either convolutional encoder may be interleaved with write/read buffers. Figure 5 shows the interleaver in which write/read buffers are represented as 4x4 matrices, where each cell of the matrix has a size of 2 bits (i.e., one encoded output symbol). To fill up the interleaver buffer, some additional stuffing bits for the last block of data shall be appended. To use interleaver or not shall be applied by using PIB. The PIB  may be exchanged between devices or may be implemented in the devices in advance if the PIB is not exchange between devices
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Figure 5: A possible implementation of interleaver
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