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1. Introduction
An issue of scrambling method for the two S-SCH short codes is initiated in the email discussion. The motivation to introduce scrambling for S-SCH is to reduce the PAPR and randomize the inter-cell interference. Low PAPR is a desired feature for 1.25 MHz system. For BW > 1.25 MHz cases we may not be able to ensure low PAPR even with the careful design of two S-SCH short sequences if the rest of the spectrum is used for other data transmission. Thus we think that low PAPR should not be a main criterion when designing the S-SCH. In this contribution, a scrambling method for S-SCH based on Fourier series sequence is proposed from the view point of reducing the short sequences collision probability, another means of inter-cell interference-randomization.
2. Proposed Scrambling method for S-SCH
Based on the current working assumption, the S-SCH sequence is concatenated from two short sequences. The most promising candidate short sequence is Hadamard sequence with length 32. The number of available short sequence is 32. Since the number of cell group ID is 170, we at least need 170 different S-SCH sequences in case of other information is carried by BPSK or QPSK. The 170 different S-SCH sequences are chosen from the 2 short sequences combinations. If without careful cell planning, there will be collisions of short sequences between the neighbor cells. In order to reduce the requirement of cell planning and collision between neighbor cells, scrambling sequence may be used for the S-SCH.
There are many candidate scrambling sequences, such as Golay complementary sequence[1], PN sequence. In this section, we propose another candidate scrambling sequence – Fourier series sequence.
2.1 Principle of the Scrambling and Descrambling.

In order to illustrate clearly, we give an example here. 

Firstly, we define the Fourier series sequence with length 
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 as follow:
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Where 
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is the sequence index, and
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is the sample index within the sequence. In this example,
[image: image5.wmf]64

N

=

.
The vector of 
[image: image6.wmf]()

k

Fn

can be described as:


[image: image7.wmf],0,1,2,1

{,,,....,}

kkkkkN

Fffff

-

=












(2)
Supposed the two short sequence pairs used in the two neighbor cells are 
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or 
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The short sequence 
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 collides with each other. In this example, we assume the two short sequences are mapped interleaved in the frequency domain. Then the concatenated sequences of the two cells can be described as follow:
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We use two Fourier series sequences with different index, say 
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, to scramble the two S-SCH sequences. we will get the scrambled sequences as follow:
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And the received signal is:
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Suppose the target cell is Cell-1, we use 
[image: image20.wmf]1

*

k

F

 to descramble the received signal. The output of descrambling is:
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Here, we only consider the demodulation of the collided sequence
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. The extracted signal of
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 after descrambling is:
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The correlator output can be described as follow:
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When n=1:
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The desired correlation peak will appear at 
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. Then the correlation demodulator based on peak detection can detect the index of 
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 correctly since the interference from the other cell is canceled.
2.2 Coupling between P-SCH and Scrambling Sequence
It is desired to associate the scrambling sequence with P-SCH, that is to say different scrambling to cells with the same S-SCH but different P-SCH. In this way, scrambling sequence can be indicated by P-SCH after step 1 in the cell search procedure.
2.3 Selection of the scrambling sequence
Considering the property of Fourier series sequence, the scrambling sequences are selected based on the mapping scheme of S-SCH. Suppose the index triple of the selected Fourier series sequence is
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.If the S-SCH is mapped in an interleaved manner, 
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 can be selected randomly as all the two sequences pair can satisfy the condition which will cancel the interference from the other cell whose short sequence partly collides with the target cell:
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And as for the case when the S-SCH is mapped localized, 
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 should be selected to satisfy the following requirement
:
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That is to say all the indices should be even or odd.
In addition, in order to avoid the sequence 
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, there is an additional requirement for the scrambling sequence selection:
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The reason is that when 
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, the sequence will be a Hadamard sequence. In the above example, the extracted signal of
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 after descrambling is:
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And it is well known that the multiplication of two Hadamard sequences is another Hadamard sequence. So the output may become
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Then, there will be two strong correlation peaks at 
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 Therefore the correlation demodulator based on peak detection is unable the demodulated the desired sequence of 
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correctly.  

2.4 Complexity Issue
Due to the characteristic of Fourier series sequence, the de-scrambling process can be done in time domain by circular shifting
, thus avoiding complex multiplication in frequency domain. Since the scrambling sequence is chosen according to the P-SCH, the UE will get the scramble sequence the eNode B used after the first step of cell search. 
3. Conclusions
In this contribution, we propose a scrambling method for S-SCH based on Fourier series sequence. Due to the good characteristic of Fourier series sequences, the interference from the other cell whose short sequence partly collides with the target cell can be randomized.
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Appendix-B

Supposed the sequence in the frequency domain before scrambling is
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. Then the scrambled sequence in the frequency domain is:
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And the scrambled sequence after IFFT transformation is
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The descrambled sequence in frequency domain is:
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Based on the property of Fourier transformation, we have:
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Therefore the de-scrambling in frequency domain can be performed in time domain instead by circular shifting.
� See the detail in Appendix-A.


� See the detail in Appendix-A.


� See the detail in Appendix-B.
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