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1.  Introduction
In the current IEEE 802.22.1 PHY and MAC spec draft (Doc. 22-06-0196-00-0001), the Sync Frame consists of two parts - one is the 15-bit Fixed Sync Sequence and the other is the 9-bit Index decreased frame by frame. When the Index decreased to zero, the following frame will be the Beacon PSDU. 
The receiver first tries to find the start point of Sync Frame by searching the Fixed Sync Sequence. And then it reads the Indices. If several Indices are in concordance, i.e, they are in a correct Index order as expected, then the receiver can find the start point of the Beacon PSDU.
However, in the currently proposed scheme, we are not able to judge whether the Index of one Sync Frame we received is correct or not. Considering the fact that erroneous detection of transmitted data at receivers is very common in wireless channels, even one error bit in Index will lead to erroneous interpretation of the Index and therfore entail erroneous judgement of the start point of Beacon PSDU. Thus we can not receive Beacon PSDU correctly and have to wait for another Beacon PSDU in the next superframe. This is not efficient.
2.  The New Sync Frame Scheme
It is desirable to provide some error correction ability for the Index part, so that it can alleviate the harmful effect of errors occurring through wireless channels. And some error detection ability can be added so that once we decode a Sync Frame successfully, we can have high-level confidence in receiving. 
Although various FEC techniques can achieve both of these goals, but our main concern is the complexity. Herein we propose an FEC technique which has very simple algorithms in encoding as well as in decoding.
The frame structure for our scheme we are proposing is illustrated in Figure 1.
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Figure 1: The new Sync Frame structure for the proposed scheme
The FEC technique we are using in this proposal is a shortened 
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code, which is a (n,k) = (63-18=45, 37-18=19) linear block code. 
In the transmitter side, the encoding is just like encoding of cyclic codes in a systematic form, or just like adding a CRC. The generator polynomial we are using here is 
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We combine the 15-bit Sync sequence and 4-bit Index together as a message to be encoded and denoted in a polynomial form as:
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where from left to right, 
[image: image5.wmf]0

u

 corresponds to the leftmost Sync bit, 
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 corresponds to the second leftmost Sync bit,… and so on,  and 
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 corresponds to the rightmost Index bit. Then the parity bits are calculated as following:
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The data will be transmitted in the order of 
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, while 
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is transmitted first.
In the receiver side, we save a vector,
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in memory in advance. The parity check matrix 
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, the one bit cyclicly right shifted version of 
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, and so on, until the 62 bit cyclicly right shifted version of 
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Before decoding, firstly we need extract data that will be fed into the decoder from the received data stream with the following steps:  

Step1: Search in the incoming data flow to find the start point of the Fixed Sync Sequence, i.e, the start point of Sync Frame. 
Step2: Begin from the start point of Sync Frame, extract 45 bits as the data of that Sync Frame, denoted these 45 bits as 
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Step3: Extend the 
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Then we start the decoding process by utilizing the following steps:

Step1: Calculate the syndrome sequence: 
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Step2: Calculate the error vector, 
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Step3: Calculate 
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Step4: If 
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, we extract 
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as the Index. And obtain the start point of Beacon PSDU by using this Index. Otherwise, the decoding of this Sync Frame is failed and we should continue to process the next Sync Frame.
The whole decoding procedure is illustrated in Figure 2.
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Figure 2: Decoding procedure for Synch Frame

3.  Simulation Results

A block diagram of the simulator is shown below in Figure 3. To evaluate the key point, i.e, the performance of the FEC technique in this new scheme and for simplicity, we did not include a Differential Encoder, the Direct Sequence Spread Spectrum (DSSS), and pulse shaping in the simulations.
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Figure 3: Block Diagram of the simulation of new Sync Frame scheme
For comparison the new scheme with the existing scheme, we also did simulations for the original Sync Scheme. As shown in the block diagram below in Figure 4, the only difference from Figure 3 is removal of channel encoder and decoder modules and replacement of the 4-bit Index with a 9-bit Index.

[image: image37.emf]15-bit Fixed

Sync Sequence

9-bit Index

Multiplex BPSK

AWGN

Hard Judge

FER

statistics


Figure 4: Block Diagram of the simulation of Original Sync Frame scheme

The simulation results are as follows in two tables. Simulation results for the new Sync Frame scheme (i.e, with FEC) are shown in Table 1.
Table 1:  Simulation results for the new Sync Frame scheme

	SNR
	2
	3
	4
	5
	6
	7
	8

	IterationNum
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	ErrNum
	1996
	904
	263
	44
	67
	2
	0


Simulation results of the original Sync Frame scheme (i.e, without FEC) are in Table 2 as follows.
Table 2:  Simulation results for the original Sync Frame scheme

	SNR
	6
	7
	8
	9
	10
	11
	12
	13
	14

	IterationNum
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	ErrNum
	1872
	1027
	533
	215
	77
	26
	35
	2
	0


These simulation results are ploted in Figure 5. From this figure, we can observe that the new Sync Frame scheme has about 6dB gain over the original Sync Frame scheme for FER≤10-3.
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Figure 5: Simulation results for the original scheme and the new scheme
4.  Conclusions
From the above results and observasions, we can easily find that the new Sync Frame scheme proposed in this document has following advantages over the existing scheme:
1) The new scheme maintains the merits of the Fixed Sync Sequence. In other words, in the new scheme, we can still find the start point of Sync Frame quickly by searching the Fixed Sync Sequence.

2) The new scheme provides error correction ability, which greatly improve the Sync performance (about 6dB gain over the Original Sync Frame scheme when FER≤10-3 ) and robustness.

3) The new scheme provides the error detection ability. Once we decode one Sync Frame successfully, we can obtain the start point of Beacon PSDU with high-level confidence.

4) The FEC used here has a very simple encoding algorithm as well as a very simple decoding algorithm. The encoding procedure is just like adding a CRC code. Regarding decoding complexity, only three XOR operations, one addition operation and one comparison operation are needed for each bit.
5) The new scheme needs very small buffer to save the information of g(x) and H, because it is needed only to save one row of H rather than whole H.
With this new Sync Frame scheme, the current proposal for IEEE 802.22.1 standard can be improved in performance.
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Abstract


A new Sync Frame scheme for superframes for IEEE Std. 802.22.1 is proposed. This new scheme will provide error correction and error detection capability for the Sync Frame. Thus, the roubustness can be improved and the probability of successful synchronization can be increased. Moreover one of the most attractive points of this scheme is its simplicity in algorithms for encoding as well as for decoding. In fact, only three XOR operation, one addition operation and one comparison operation are needed for each bit to be decoded. Some simulation results show that we can gain about 6dB with the new scheme on the AWGN channel.
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