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1.  Introduction
We introduce an enhanced version of [1] which introduces the new Sync Frame Structure of Beacons. Compared with [1], mainly a couple of enhancements are made: 1)  Reduction of the number of Parity Bits to make it as convenient as possible for WRAN to sense the Beacon Sync without interruption of its communications. 2) Inclusion of the Quiet Period Length Information in the Sync Burst so that the WRAN can schedule a proper period to receive the PSDU in advance. 

We also propose a sensing procedure with which the impact of sensing on WRAN communications can be minimized.
2.  The Sync Frame Scheme and related FEC.
As with Samsung’s suggestion, it is desirable for the WRAN to know how long the Quiet Period will be in advance. Hence the Quiet Period Length is added in the Sync Frame. The frame structure is illustrated in Figure 1.
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Figure 1: Beacon Sync Frame structure 
As had been discussed in [1], it’s very important to provide some error correction and error detection ability for the Quiet Period and Index part. The main concerns are: the FECs which provide the error correction and error detection ability shouldn’t be too complicated to implement, and the number of parity bits should be as small as possible so that the WRAN can sense the Beacon Sync Frames without interruption of its communications. The FEC technique used in this contribution is an 
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code, which is an (n,k) = (15, 7) linear block code. 

At the transmitter, the encoding is just like encoding of cyclic codes in a systematic form, or just like adding a CRC. The generator polynomial used here is 
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We combine the 3-bit Quiet Period and 4-bit Index together as the information to be encoded and represented in a polynomial form as:
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where from left to right, 
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 corresponds to the leftmost Quiet Period bit, 
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 corresponds to the second leftmost Quiet Period bit, and so on,  and 
[image: image7.wmf]6

u

 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.
At the receiver, a decoder is implemented as illustrated in Figure 2.
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Figure 2: Decoding diagram of the (15,7) Linear Block Code
3.  Simulation Results

The performance comparison between the FEC (15, 7) scheme proposed here and the 7-bit information (3-bit Quiet Period and 4-bit Index) without FEC schemes is done. The simulation results are ploted in Figure 3.

[image: image12.png]BLER

Simuation Results of Syno Frame

& With FEG(15,7)
— Without FEG

w11 12 18




Figure 3: Simulation results for Sync Frame with FEC (15,7) and Repeat Twice
From the simulation results, we can see that about 4.5dB gain for the SNR (1.5dB gain for the Eb/N0) was obtained by the FEC technique. 
More important fact is that with FEC, the receiver can judge whether it has gotten correct Quiet Period and Index information or not. This is very important because if the receiver can’t judge whether it has correct information or not, it may waste a lot of precious time to receive the PSDU and this obviously entails performance degradation because it will affect the efficiency and the latency of the WRAN transmission seriously. Therefore we must try everything that we can to avoid this adverse effect. The error detection ability of FEC can resolve this problem very well. 

4. Beacon Senseing method of WRAN
As analyzed in [2], a smaller sensing window is very important not to affect the WRAN communications adversely. Here two sensing procedures are introduced. First of all, to make the sensing window as small as possible, we propose use of QPSK modulation. Then the time duration of one Sync Frame is 1.6651 ms (corresponding to 32 bits or 16 QPSK symbols). The time duration of the PN sequence is 0.8325ms, which is half of the total Sync Frame.
The first sensing is just as discussed in [3]: the WRAN saves one whole Sync Frame plus the maximum time period between PN Sequence and Information part to get the Quiet Period and Index information. The sensing window size required is 2.4976ms (corresponding to 48 bits or 24 QPSK symbols).
The second sensing is: 
1) WRAN tries to detect only the PN sequence instead of the whole Sync Frame. This is mainly based on two characteristics of the Sync Frame. One is of course the good correlation property of the Fixed PN Sequence, and the other is the 2 bits of DTX (1 QPSK symbol) at the end of each Sync Frame. In this case the sensing window needed is only 1.6651ms or one Sync Frame. 

As illustrated in Figure 4, suppose we have saved 16 QPSK symbols, 
1， Find the DTX symbol. This can be done in a very simple way by finding a symbol position with the lowest energy. 
2， Rearrange the saved data properly to get a continuous and complete PN Sequence.

3， Calculate the correlation value of the PN Sequence. 
4， Judge whether there is a beacon signal or not: if the lowest energy detected meets a certain criterion (for example, the lowest energy is below one fifth of the average energy) and the correlation value meets with another criterion (for example, the auto-correlation value is more than 5 times of corss-correlation value), then we judge that there is a Beacon Sync Frame. Otherwise, there is not.

[image: image13]
Figure 4: Illustration of Rearraging data
2) After judging whethr there is a Beacon PN Sequence, the WRAN decodes the Sync Frame to get the Quiet Period and Index information.
Obviously, with the second method, we can reduce the size of sense window to the size of one Sync Frame, which is only 1.6651ms. This will be very helpful for the WRAN to sense beacons without interruption of its communications.
5.  Conclusions
From the above simulation results and sensing procedures discussed in this contribution, we can easily find that, with this enhanced Sync Frame structure, we can gain about 4.5dB in SNR (1.5dB in Eb/N0) while we can have error detection ability. Thus the performance and reliability are both improved.  Also, with this enhanced Sync Frame structure, it’s possible to reduce the size of sensing window to 1.6651 ms. This is very helpful for the WRAN to sense beacons without interruption of its communications.
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Abstract


An enhanced Beacon Sync Frame scheme for IEEE Std. 802.22.1 is proposed. This new scheme provides error correction and error detection capability for the Sync Frame. Compared to《22-06-0226-00-0001_Huawei_Beacon_Sync_Frame_Proposal》, the number of parity bits is reduced and quiet period information is added so that WRAN can schedule quiet periods in advance. We also suggest two sensing procedures. With one of them, the sensing window size is only 1.6651 ms. It is very helpful for the WRAN to sense beacons without interruption of its communications.
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