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1
Introduction

The current working assumptions for SSC are:
· M-sequence based code

· Generate a set of 31 sequences obtained as cyclic shifts of a single length 31 M-sequence generated from the primitive polynomial x^5+x^2+1 over GF(2)
· Two short SSC codes selected from above set

· Interleaved multiplexing of two short SSC sequences. 
· First and second sequence scrambled with a binary scrambling code depending on the P-SCH

· FFS: Exact specification of scrambling code

· Scrambling of the second sequence with a binary scrambling code corresponding to the index of the first sequence. Many-to-1 relation between scrambling code and first sequence index is not precluded.

· FFS: Exact specification of scrambling code and relation of scrambling code to index of the first sequence

· Mapping onto sub-carriers: 31 length sequence + DC + 31 length sequence
· Leave the remaining 9 sub-carriers reserved
· BPSK mapping of binary sequence

In [3], we recommend to scramble two short sequences within one SSC by a common P-SCH index dependent scrambling code, i.e., many-to-1 scrambling. In this contribution, we compare the performance of using different scrambling sequences and give the details of SSC codebook specification for M-sequence based SSC. 
2
SSC encoding chain
SSC sequences are composed of 2-short M sequences each of length 31. The constituent M sequences are generated from the primitive polynomial 1+x^2+x^5 over GF(2) and one such sequence is given below denoted as S(0,n).

   S(0,n) = { 1,-1,-1,1,1,1,1,1,-1,-1,-1,1,1,-1,1,1,1,-1,1,-1,1,-1,-1,-1, -1, 1,-1,-1, 1,-1, 1}

The other M sequences are obtained by cyclically shifting the above sequence. The sequence corresponding to the index ‘k’ is given by

S(k,n) = S(0,(n-k) mod N), where N=31 and k=1,…,30.

We stack all cyclic shifts of the base M-sequence as a matrix (M-seq Matrix).
There are three different ways of encoding   SSC depending on the order of interleaving, cyclic shifting of M-sequence and scrambling:

· Option 1 (Figure 1):

· First Interleave two shifted M-sequences and then apply scrambling codes on top of the interleaved sequences 

· Option 2 (Figure 2):

· First apply scrambling codes on two shifted M-sequences  and then interleave the scrambled sequences

· This Option can be made the same as Option 1 by using  the  interleaved scrambling codes in Option 1
· Option 3 (Figure 3):

· First scramble the base M-sequence, next apply different cyclic shifts to obtain two short sequences and finally interleave the shifted sequences

There is no significant difference between those schemes.  In the following, we assume Option 2. 


[image: image1.emf]Index U of M-seq Matrix:

Length 31

Interleaving:

Length 62

Scrambling

Mapping to 62 tones 

(skipping DC tones)

Scrambling code 

(length 62) 

corresponding to 

PSC Index k

Index V of M-seq Matrix:

Length 31

Figure 1: Option 1
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Figure 2: Option 2
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Figure 3: Option 3

3
Scrambling code design
We may consider different scrambling sequences, e.g., Golay sequences and M-sequences. When the original SSC codes are the same but multiplied by different scrambling codes, the cross-correlation between the scrambled SSC codes is simply the cross-correlation between the scrambling codes. In this case, M-sequence based scrambling codes have better performance. Thus, we consider M-sequence based scrambling codes in the following. 

Given that scrambling codes are binary-based, there are two options for generating three length-62 scrambling codes.

· Option A: three length-63 M-sequence based scrambling codes with one bit truncation or puncturing 

· Option B:  three length-31 M-sequence based scrambling codes and simple repetition is used to generate length-62 scrambling codes, e.g., [B, B] where B is a length-31 sequence
In the following, we compare the average cell search time with different scrambling code generation and assignment options. We compare two different SSC code assignment scheme shown in Figure 4:  
· Different SSC codes are assigned to three cells in one Node B

· The same SSC code is assigned to three cells in one Node B
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Figure 4: Two different SSC deployments within one Node B

In Figure 5 and Figure 6, we plot the average cell search time for the Deployment case D3 using Option A and B, where cell search is declared to be successful if any cell within 3 dB range of the strongest cell is detected. In Figure 7 and Figure 8, we show the results for the case when only the strongest cell is detected. 

From those plots, we observe that
· The choice of scrambling code has a very minor impact on the cell search performance

·  SSC deployment schemes have negligible impact on the cell search performance 

The results here suggest that the different choices of three PSC-dependent scrambling codes do not impact the performance. Thus, we recommend Option B for E-UTRA since Option B is slightly simpler. 
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Figure 5: D3 (User SNR lower than -3dB)
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Figure 6: D3 (All the Users)
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Figure 7: D3 (User SNR lower than -3dB): Detect only the strongest cell
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Figure 8:  D3 (All the users): Detect only the strongest cell

On the other hand, using three scrambling codes generated from the same M-sequence polynomial have better performance compared to the case when three scrambling codes are generated from three different polynomials, especially for the following case:

· SSC codes are the same but the scrambling codes are different. The resulting cross-correlation is -1 per length-31 segment with the three scrambling sequences generated from the same M-sequence.
Thus, the scrambling codes are composed of 2-short M sequences of length 31 generated from a polynomial different from that of SSC. Specifically, we use the polynomial 1+x^2+x^3+x^4+x^5 (for example) and C(0,n) denotes the following M-sequence.

C(0,n) = {-1,1,1,1,-1,-1,-1,1,-1,1,-1,1,1,-1,1,-1,-1,-1,-1,1,1,-1,-1,1,-1,-1,1,1,1,1,1}
We also define cyclic shifted versions of the above sequence C(k,n) = C(0,(n+k) mod N).  Now, length 63 scrambling codes are obtained as
[C(u,0),C(u,0),…,C(u,14),C(u,14),C(u,15),0,C(u,15),C(u,16),C(u,16),…,C(u,30),C(u,30)] 

where 0 is for DC tone. 
We obtain 3 distinct scrambling codes by choosing three distinct values of ‘u’ in {0,..,30}.  We recommend the following three values of ‘u’:

· {0, 10,20}
The resulting three scrambling codes are:

C(0,n) = {-1,1,1,1,-1,-1,-1,1,-1,1,-1,1,1,-1,1,-1,-1,-1,-1,1,1,-1,-1,1,-1,-1,1,1,1,1,1}

C(10,n) = {-1,1,1,-1,1,-1,-1,-1,-1,1,1,-1,-1,1,-1,-1,1,1,1,1,1, -1,1,1,1,-1,-1,-1,1,-1,1}

C(20,n) = { 1,-1,-1,1,-1,-1,1,1,1,1,1, -1,1,1,1,-1,-1,-1,1,-1,1,-1,1,1,-1,1,-1,-1,-1,-1,1}

4
SSC codebook

Since M-seq matrix has 31 different indices (rows), we need to choose Q index combinations out of 961(=31*31) different index combinations. There are two choices for Q:
· Option a: Q=170
·  170 combinations are required 

·  10ms frame boundary is resolved by modulating two SSCs in one radio frame with +1 and -1 

· Option b: Q=340

· 340 combinations are required
· 10ms frame boundary is resolved by using different sequences/tones in the first and second SSC in one radio frame

In the following, we give the procedure to choose Q index combinations:
· Choose   PAPR threshold X

· PAPR of SSC has negligible impact on downlink transmission as long as its PAPR is lower than nominal OFDM symbols 

· Choose   cross-correlation threshold  Y

· This has larger impact on the SSC detection performance 

· Choose Q combinations satisfying the following conditions:

· Their PAPR are lower than X 

· Their cross-correlation are lower  than Y
· Among the limited candidates, we operate a pruning algorithm which proceeds such that each of the indices ‘u’ and ‘v’ of the SSC sequence (u,v) is chosen uniformly as possible over the 31 indices.
· This minimizes the number of SSC codes having one common  short sequence index

We specify the final SSC codebook in the following manner. The SSC sequence (u,v) is represented by a single unique index r = u*31+v.  The resulting codebooks are as follows.
Optimized code set

Codebook Size = 170

Maximum PAPR = 6.75dB

SSC indices  

16     18      20    33     62     63     66    70    71    75    80    83      93    99    104    105   113   116   121   125   126   140   153   168   169   170   173   189   190    191    203   204   210   211   220   226   228   233   236    241   251   261    267   268   270   278   287   293   300   304   313   317   327   332   336   338   339   344   346   355   367   377   379   388   395   399   401   417   418   419   422   424   426   435   439   445    452    453   456   457   466   475   478   482  486   488   493   498   508    515    516   517   518   531   533   534   543   546   553   554   560   565   587   589    592    606   614   618   621   623   625   628   631   636   645   653    665   677   678   684   700   707   708   711   713   714   719   725   728   735   738   745   751   752   755   765   770   777   781   789   797   801   802   810   816   818   819   826   829   831   851   854   856   862   863   871   879   889   897   901    909   910   913   916    917   930   938   940  946   954

Codebook Size = 340

Maximum PAPR = 7.18dB

SSC indices  

  2      5      6       7      11    14     17      18     20      23     27     30     33     37    39    41    43     44     47     50    53     60    61     63     65     66      68      70      71    74      75    80    84    86     88     99   101   102   104   105   107   111    113   114   115   116   121   125   126   137   140   144   151   153   155   158   168   169   170   173   183   187   189   190   191   197   203   204   205   209   210   211   212   217   219   220   225   226   227    228   233   236   238   240   241   257   259   261   263   266   267   268   270   271   276   277   278   285   286   290   292   293   294   300   303    304   306   307   310   311   312   313   316   317   327   331   332   336   338   339   341   342   344   346   347   353   359   360   362   363   365   372   373   374   377   379   382   383   388   394   399   401   406   413   417   418   419   420   421   422   424   426   430   439   442   445   446   450   452   453   454   456   457   463   466   475   478   482    483   485   486   492   493   494   495   498   499   505   506   508   513   515   516   517   518   519   527   528   531   533   534   539   543   549   550   553   554   560   565   569   570   571   572   573   579   583   587   588   589   590    592   594   596   603   606   607   609   610   614   620   621   625   630   631   634   636   637   642   645   646   653   657   659   661   664   668   675   677   678   679   681   682   684   686   690   694   699   700   702   707   708   709    720   725   726   728   732   733   735   738   739   740   741   747   751   752   753   755   760   764   767   770    772    773   780   781   782   785   787   789   791   795   797   801   802   805   810   811   815   818   819   821   823   825    826   830   831   838   842   845   846   851   853   854   856   862   863   868   871   875   876   878   879   881   889    891   892   897   901   906   907   909   910   913   916   917   918   919   925   930   935   936   940   942   943   944    951   954   957   959

Non-optimized code set

A different way of choosing 170 or 340 SSC codes is to minimize the overlapping of code indexes used in one SSC. For example,   the first short sequence uses   the index from {0,1,2,…19} while the second short sequence uses the index from {12,13,…,31}.  
We compare PAPR and cross-correlation between the optimized set and non-optimized set in Figure 9 to Figure 12. 
We observe that 
· The optimized set has better PAPR and lower cross-correlation between different codes. 
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Figure 9: PAPR Comparison for codebook size 170 
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Figure 10: Cross Correlation Comparison for Codebook size 170 
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Figure 11: PAPR Comparison for codebook size 340 
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Figure 12: Cross Correlation Comparison for Codebook size 340

4
Conclusions
We recommend adopting the following SSC design for E-UTRA:
· Only three scrambling codes are specified and those codes are mapped  to PSC sequence indices  (one-to-one)

· Three length-31 M-sequence based scrambling codes are defined as
· C(0,n) = {-1,1,1,1,-1,-1,-1,1,-1,1,-1,1,1,-1,1,-1,-1,-1,-1,1,1,-1,-1,1,-1,-1,1,1,1,1,1}
· C(10,n) = {-1,1,1,-1,1,-1,-1,-1,-1,1,1,-1,-1,1,-1,-1,1,1,1,1,1, -1,1,1,1,-1,-1,-1,1,-1,1}
· C(20,n) = { 1,-1,-1,1,-1,-1,1,1,1,1,1, -1,1,1,1,-1,-1,-1,1,-1,1,-1,1,1,-1,1,-1,-1,-1,-1,1}
· length 63 scrambling codes are obtained as [C(u,0),C(u,0),…,C(u,14),C(u,14),C(u,15),0,C(u,15),C(u,16),C(u,16),…,C(u,30),C(u,30)] 
·  where u=0, 10, 20 and 0 is mapped to DC tone
· Optimized code book (170 or 340)  proposed in this contribution

· 170 code book is preferred

· Different BPSK modulations on two SSCs in one radio frame  are  used to determine 10ms frame boundary
5
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