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1. Introduction
The current working assumption for the secondary synchronization signal, used for cell search stage 2, is as follows
1. From the secondary synchronization signal the frame timing as well as the cell group should be detected. Furthermore, 170 cell groups are assumed. 

2. The secondary synchronization signal should consists of two short (length 31) M-sequence based codes that are interleaved (i.e. the two secondary synchronization signal short codes are put on the sub-carriers alternatively, excluding the DC sub-carrier).
3. The first and second short code should be scrambled with a binary scrambling code depending on the primary synchronization signal. Furthermore, the scrambling sequence used for the second sequence should correspond to the index of the first sequence. A Many-to-1 relation between scrambling code and first sequence is not precluded.
 In this paper we show a proposal for how to encode the frame timing information as well as how to scramble the first and second short code. The proposal presented in this paper, keeps the number of correlations needed for cell group and frame timing detection to a minimum (correlation to 2*19 codes in case of 170 cell groups). Furthermore, no short code double collisions, as was seen as a problem in [2] will occur.  We also propose a method for mapping the short code index (i,j) to cell group number using a simple formula, hence no need for look-up tables.
2. Determination of frame timing information
As agreed, the total number of hypothesis in LTE cell search stage 2 is assumed to be 170 (cell groups * 2 (frame timing) =340. 

For the 1 bit information of the frame timing we propose the following which follows the principles presented in [1]. First, define S1 as the secondary synchronization signal symbol in sub-frame 0 and S2 as the secondary synchronization signal symbol in sub-frame 5. Each secondary synchronization signal, which occupies 62 sub-carriers, is split into two sub-sequences, each sub-sequence occupying 31 sub-carriers. Now define a short code pair [si , sj] where the indices (i,j) uniquely define a cell group. In order to be able to detect cell group as well as frame timing within one synchronization signal sub-frame, S1 and S2 need to be different but still include the same short code pair [si , sj]. One way to discriminate between the first and second synchronization signal sub-frame is to apply si on a first sub-carrier set and sj on a second sub-carrier set in S1 and vice versa in S2. The first and second sub-carrier set corresponds to odd (1,3,…,61) and even (2,4,..,62) sub-carriers respectively, see figure 2  (Note: the DC-carrier should be excluded).

 
[image: image1]
Figure 2: The proposed secondary synchronization signal sub-carrier set allocation. The short code si (blue sub-carriers) are mapped on the even sub-carrier index in sub-frame 0 while on the odd sub-carrier index in sub-frame 5. The opposite holds for the short code  sj (red sub-carriers).  
With the above mentioned secondary synchronization signal design it is possible to detect the frame timing using only one secondary synchronization signal sub-frame. For instance, if a mobile terminal determines sj on the first sub-carrier set and  si on the second sub-carrier set in one secondary synchronization signal  symbol, the terminal, by utilizing the secondary synchronization signal look-up table, knows not only the cell group but also which sub-frame was used for this secondary synchronization signal transmission – and thus the frame timing. This method to detect the frame timing enforces the following design criteria on the secondary synchronization signal: If  [si , sj] is a valid short code pair for secondary synchronization signal S1 and [sj , si] for S2 then [sj , si] is an invalid combination for S1 (and thus [si , sj] for S1). With L short codes it is therefore possible to encode L·(L-1)/2 hypothesis.

Utilizing the above, 170 secondary synchronization sequences (hypothesis) need to be defined. By using 19 M-based sequences of length 31, 19*18/2=171 unique cell groups can be defined. The reduction by 2 in set size is needed to allow unique frame timing detection from just one secondary synchronization occurrence. Hence, the mobile terminal only needs to coherently correlate the first and second sub-carrier set to a total of 19 short codes.

3. Scrambling of the first and second short  code

As defined above, the first short sequence corresponds to the odd sub-carriers and the second short sequence to the even sub-carriers (where the DC-carrier has been excluded). Now we propose that the first sequence is scrambled with a scrambling code pk where k (=1,2,3) corresponds to the primary synchronization signal index. The second code is then scrambled with a scrambling code q that is a function of the first code. That means, if the first code have index l, then the scrambling code applied to the second short code is ql.  Hence, we propose a one-to-one mapping between the first code and the scrambling applied to the second code. Furthermore, with the proposed method there will be no short code double collisions, which were seen as a problem in [2].

To summarize, assume a cell using primary synchronization signal, index k and secondary synchronization signal short codes (i,j), then the secondary synchronization signal in sub-frame 0 is  S1 = [pk * si , qi * sj] and in sub-frame 5 is S1 = [pk * sj , qj * si]. 

The advantages using this proposed method is that, once the UE have detected the primary synchronization signal, the number of correlations needed for detection of the secondary synchronization signal is kept to a minimum (i.e. 2*19 in case 170 hypothesis are needed). 
4. Mapping of short code index to cell group number
In [2] a number of ways to determine how to get the cell group (and cell ID) from the short code indices were presented. The one having the lowest number of short code single collisions (the same number as the above mentioned method) was based on a look-up table. Below we propose a mapping method based on a simple formula and hence no memory consuming look-up table is needed. 
Let the total number of short codes be L (=19) and the detected short code index be (i,j), i,j=0,1,…L-1. Then cell group number could be found as

Cell group number = L-1-min(i,j) +L-min(i,j)+…+L-2+max(i,j).

Then the cell ID, assuming primary synchronization signal index k (0, 1, 2) will be

Cell ID = 3*(”Cell group number”-1) + k+1 (=1, …., 510). 

5. Conclusions
In this paper we show a proposal for how to encode the frame timing information as well as how to scramble the first and second short code. The proposal presented in this paper, keeps the number of correlations needed for cell group and frame timing detection to a minimum (correlation to 2*19 codes in case of 170 cell groups). Furthermore, no short code double collisions, as was seen as a problem in [2] will occur.  We also propose a method for mapping the short code index (i,j) to cell group number using a simple formula, hence no need for look-up tables.
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