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1 Introduction
· RAN1 meeting 49bis agrees that S-SCH sequence is combination of 2 M-sequences of length 31 generated from the primitive polynomial x^5+x^2+1 over GF(2). A problem with combination of 2 short sequences is that invalid S-SCH sequences may be detected at the UE, this is called "nested" problem. This document introduces two options for solving this problem. 
· Option-1: A set of 340 S-SCH sequences of length 63. The set is generated as follows:
· Generate a 63-length M-sequence from the primitive polynomial x^6+x^1+1 over GF(2). The generated M-sequence is shifted to create the set of 63 M-sequences each of length 63. 

  Let 
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 be an M-sequence of length L generated from a polynomial. Then its mth 
  shifted version is: 
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. 
· Generate a 63-length M-sequence from the primitive polynomial x^6+x^3+1 over GF(2). The generated M-sequence is shifted to create the set of 6 M-sequences each of length 63. This set is called set of scrambling codes. 
· Scramble the generated set of 63 sequences by the generated set of 6 scrambling codes to generate 6 x 63 = 378 sequences; and 340 are taken as S-SCH sequences.
· Option-2: A set of 19 scrambling codes of length 31 to scramble the second short sequence of the 2-short sequence based S-SCH. The S-SCH sequence is combination of 2 M-sequences of length 31 generated from the primitive polynomial x^5+x^2+1 over GF(2) as defined in 3GPP meeting #49bis. The set of scrambling codes is generated as follows:
· Generate a 31-length M-sequence from the primitive polynomial x^5+x^3+1 over GF(2). The generated M-sequence is shifted to create the set of 31 M-sequences each of length 31. 
· Take 19 sequences from the generated set of 31 sequences as the set of scrambling codes.
· Next section provides analysis of these options.
Analysis of options 
2.1 Analysing solution to "nested" problem: 
Generally, the received signal can be a combination of signals from multiple cells, the larger the number of signals, the worse the "nested" problem. This document considers the typical case where the received S-SCH is a combination of signals from 2 cells with the same power in a synchronisation network. The two cells have the same P-SCH and coherent detection is used. Assuming the received signal is perfectly detected. 
Option-1: 

The received coherently detected signal is presented as:
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where 
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 are sequences of the set of 340 sequences of length 63 which are generated as described in the previous section.
For each pair 
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 is formed and cross-correlation values are generated:
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The value 
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Option-2: 

The received coherently detected signal is presented as:
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where: 
· 
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s

 and 
[image: image15.wmf]k

s

 are the 1st short M-sequences of the two S-SCH,
· 
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 are the 2nd short M-sequences of the two S-SCH,
· 
[image: image18.wmf]i

c

and 
[image: image19.wmf]k

c

 are scrambling codes with indices associated 1st  short M-sequences 
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 are generated from the primitive polynomial x^5+x^2+1 over GF(2), 
· 
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For each pair 
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 is formed and cross-correlation values are generated:
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The value 
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Option-1: Cross-correlation power at invalid S-SCH normalized to that at valid S-SCH
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Option-2: Cross-correlation power at invalid S-SCH normalized to that at valid S-SCH 
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Option-1: Histogram of normalized cross-correlation power at invalid S-SCH
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Option-2: Histogram of normalized cross-correlation power at invalid S-SCH 
2.2 Analysing correlation property of S-SCH: 
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Option-1: Cross-correlation property of S-SCH sequences 
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Option-2: Cross-correlation property of scrambled S-SCH sequences
2.3 Analysing peak-to-average power ratio (PAPR): 
PAPR is calculated by first mapping S-SCH (or scrambled S-SCH) sequence onto central sub-carriers available for S-SCH in a system of 1.25MHz. Then a 128-point IFFT is performed on the mapping output to produce a 128-length time domain signal. Let 
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 denote the time domain signal. Then its PAPR is:
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Option-1: peak-to-average power ratio 
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Option-2: peak-to-average power ratio 

2.4 Analysing detection complexity: 
Assuming Fast Hadamard Transform (FHT) is used for detecting S-SCH in both options. 
Option-1: 
Procedure:  



- Descramble the signal with 6 scrambling codes



- Apply FHT on the 6 descrambled signals. 


Complexity:    



- number of descrambling: 
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- number of additions: 
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Option-2: 
Procedure:  

Step-1:


- Descramble the 1st sequence with 1 common scrambling code


- Apply FHT on the descrambled sequence.

Step-2:


- Descramble the 2nd sequence with 19 scrambling codes



- Apply FHT on the 19 descrambled sequences. 

 

Complexity:    



- number of descrambling: 
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- number of additions: 
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If scrambling codes for the 2nd sequences are divided into 3 groups associated with the 3 P-SCH, then the detection procedure and complexity could be (Option-2A)
Procedure:  

Step-1: 


- Descramble the 1st sequence with 1 common scrambling code



- Apply FHT on the descrambled sequence.


Step-2:


- Descramble the 2nd sequence with 6 scrambling codes



- Apply FHT on the 6 descrambled sequences.
Complexity:


- number of descrambling: 
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- number of additions: 
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4 Conclusion









4.1.1 




5 
This document proposes options of S-SCH and Scrambling Codes for consideration.   
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