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1. Reference
[1]
Motorola “Part 22.1: Enhanced Protection for Low Power Licensed devices operating in TV Broadcast Bands”.

2. Introduction
The Motorola proposed MAC and PHY specification for the IEEE 802.22.1 standard for protection of low power licensed devices operating in the TV spectrum. In this specification, Motorola presented a superframe format, which could be expressed:

[image: image1]
Figure 1 Superframe format
The superframe structure consists of a plurality of synchronization bursts, followed by a beacon frame. Under control of an upper layer, a receive period, and an acknowledgement/non-acknowledgement period (ANP) may also be included.  This format repeats without interruption while the protecting device is in operation.  
The synchronization bursts, each of which consists of a synchronization word followed by a decrementing index value, enable a receiver asynchronously sampling the beacon channel to quickly determine when the beacon will be sent.
Primary protecting device (PPD) sent a serial of synchronization burst to secondary protecting device (SPD). SPD synchronized PPD through these burst. If an SPD wanted to sent data to the PPD, it sends an RTS burst to the PPD during the receive period of the superframe. Therefore synchronization bursts are so important for SPD to ensure that their sending RTS can be received by PPD accurately. 

2.1 The Drawbacks of the Related Works

Just mentioned above, synchronization bursts are important. So SPD must decode synchronization bursts correctly. However in Motorola specification synchronization bursts aren’t encoded and modulated. That is to say there is not any protection proposal for them. Once channel becomes worse, SPD can not decode synchronization burst correctly. 

The figure 1 shows the performance of synchronization burst in AWGN channel. From figure we can find that when channel condition is not good, BER is bad. So if SPD decodes synchronization burst inaccurately, they would lose synchronization with PPD. Thus they can not send their data to PPD when they desire. 

To deal with this problem, we propose a synchronization burst decoding proposal for beacon device, which can increase synchronization burst robustness and decoding probability correctly. 
[image: image2.emf]-15-10-50510

10

-4

10

-3

10

-2

10

-1

10

0

SNR/dB

BER


Figure 2 The performance of synchronization burst in AWGN channel

3. Synchronization burst decoding for beacon device
Our proposal has two steps:
Step One: we proposal 8 bits Walsh code to spread synchronization index. 

[image: image3]
Figure 3 The transmitter diagram of our proposal

Figure 3 shows the transmitter diagram of our proposal. The reason for our selecting Walsh code is that Walsh code has good orthogonal character, which can increase synchronization burst robustness.
Walsh code can be generated by 
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 Hadamard matrix.  Hadamard matrix has the following characters:
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For example: when
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When
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Walsh code can be generated with the following equation:
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(2)
The orthogonal character of Walsh code can be expressed:
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Figure 4 The performance comparison of before and after Walsh code spread
Figure 4 shows the performance comparison of before and after Walsh code spread. From figure we can find that after Walsh code spread, the performance is better than before and increase 4.5dB. This proves the robustness of synchronize burst index is improved after Walsh code spread. 
Step two: we set a BER threshold
[image: image13.wmf]e

 and after SPD received a serial of synchronization bursts, if BER <threshold
[image: image14.wmf]e

, SPD considered these synchronization bursts were decoded correctly. Whereas if BER >threshold
[image: image15.wmf]e

, SPD considered these synchronization bursts were decoded inaccurately and they would abort these synchronization burst and wait for new superframe coming. According to the performance curve in figure 4, we set BER with SNR=-1.5dB as threshold. 
The sync field shall have the value shown in figure 5.

[image: image16]
Figure 5 Format of the sync field

The synchronization header is composed of two fields, the sync field and the index field. The sync field is 15 bits long, and is used by the transceiver to obtain chip and symbol synchronization with incoming data. The index field is 9 bits in length, and is used to obtain frame synchronization with an incoming beacon. Thus the sync burst is 15+9=24 bits long. In a superframe there contains 382 sync bursts. Next we will look for how many sync bursts can satisfy threshold approximately.
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Figure 6 The number of bit <threshold

Figure 6 shows the number of bits<threshold within 30 superframes. From figure we can find average number of bits < threshold is 1717 bits within 30 superframes. That is to say that BER can satisfy threshold by 1717/24=72 sync bursts.
So based on this observation we propose that after SPD receives 72 sync bursts, if BER>threshold, SPD can consider it doesn’t synchronize with PPD. Then it stops receiving spare data in this superframe. If BER<threshold, SPD can consider it synchronize with PPD and continue to receive data until this superframe is over. This method can increase SPD and PPD synchronization speed and avoid resource waste because SPD receives the whole superframe but finally it doesn’t synchronize with PPD.
4. Conclusion
In this document, a synchronization burst decoding scheme for beacon device is proposed.  This scheme contains two steps. The first step is that using Walsh code spread sync burst index to increase the robustness. Next the second step we select a threshold
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 according to the performance curve of Walsh code. Then we find the number of sync bursts<this threshold. We set the number of sync bursts as a basis. When SPD receive these number of sync bursts, if BER>threshold, SPD consider it doesn’t synchronize with PPD. Then it stops receiving spare data in this superframe. If BER<threshold, SPD can consider it synchronize with PPD and continue to receive data until this superframe is over. This method increase SPD and PPD synchronization speed and avoid resource waste because SPD receives the whole superframe but finally it doesn’t synchronize with PPD.
Abstract





The solutions in this document are aimed to meet functional requirements of an IEEE 802.22 based WRAN system. In this contribution, a synchronization decoding scheme for beacon devices is proposed.





Our scheme proposed in this contribution can increase synchronization burst robustness, achieve higher decoding probability, and avoid resource waste because an SPD receives the whole superframe while it does not need to synchronize with the PPD.
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