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1. Introduction

In the RAN1#48bis meeting, it was agreed that the S-SCH is a binary based design and consists of combination of two short codes [1].  This document investigates the scrambling method for two S-SCH short codes. Two scrambling methods are evaluated.
· Cell common scrambling method [2]

 REF _Ref165205707 \r \h 
[3]
· Two S-SCH short codes are scrambled by a cell common scrambling sequence
· Specific scrambling method for 2nd S-SCH short code
· 1st S-SCH short code is scrambled by a cell common scrambling sequence

· 2nd S-SCH short code is scrambled by a sequence whose index corresponds to 1st S-SCH short code index
From evaluation results, the specific scrambling method for the 2nd S-SCH short code improves the S-SCH index detection performance in case of a synchronous system because this scrambling method can randomize the inter-cell interference in the 2nd S-SCH short code index detection stage.
2. Proposal of scrambling method for two S-SCH short code
For the scrambling method for S-SCH, the cell the common scrambling method to mitigate PAPR has been proposed. However, additional scrambling for S-SCH has the potential to improve the overall cell search performance. Since each S-SCH short code provides different information, both short codes have to be received correctly. Assuming a cell edge UE, which sometimes finds two or three cells which have similar received power, the nested index combination of S-SCH short codes is sometimes detected. In other words, the 1st S-SCH short code index of cell-A and 2nd S-SCH short code index of cell-B are detected as the S-SCH index. To mitigate the detection of this nested S-SCH short code index combination, the specific scrambling method for 2nd S-SCH short code is proposed. 
· 1st S-SCH short code is scrambled by a cell common scrambling sequence 

· 2nd S-SCH short code is scrambled by a sequence whose index corresponds to 1st S-SCH short code index 
This scrambling method can randomize the inter-cell interference in the 2nd S-SCH short code detection stage.
The two S-SCH short codes are represented as:
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Where, 

S1(n): 1st S-SCH short code

S2(n): 2nd S-SCH short code

Np: number of occupied sub-carriers by S-SCH
n:  index number in the frequency domain
m:  1st S-SCH short code index

l:  2nd S-SCH short code index

Wm(n): Hadamard sequence of index m
R(n): cell common scrambling code

Qm(n): scrambling code of index m
3. Cell search performance evaluation
In this section, the effect of proposed scrambling method is evaluated in terms of cell search time performance. The cell search time means the required time to detect the correct S-SCH index. In the simulator, if the detected timing is within +/- CP length from the end of CP of the earliest path, the S-SCH index detection starts. Until the desired timing is detected, the correlator outputs of timing detector are averaged. The number of averaging times 5ms is the cell search time for the timing detection. In the S-SCH index detection stage, the equalizer outputs are averaged until the correct S-SCH index is detected. The number of averaging times 5ms is the cell search time for the S-SCH index detection. The Hadamard code index of each S-SCH short code is detected independently. After dispreading, the Hadamard code index with the largest despreader output is detected as the S-SCH short code index.
Simulation conditions are shown in Table 1. It assumes two synchronized cell model. The average received signal power from each cell is equal. Therefore, both cells are the desired (strongest) cell. Other cell interference is modeled as AWGN. The identical P-SCH index or different index is utilized for two cells. The S-SCH index is randomly assigned. 
Figure 1 shows the cell search time performances in cases of proposed scrambling method and cell common scrambling method. SINR denotes signal power of a cell to noise and interference power ratio in the SCH occupied band. Even if the identical P-SCH index is utilized by two cells, the proposed scrambling method reduces the cell search time because the proposed method can mitigate the performance degradation because of the nested index combination detection by randomizing the inter-cell interference in the 2nd S-SCH short code detection stage.
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Figure 1 : cell search time performance
Table 1 : Simulation parameters 

	Number of sub-carriers
	64

	Sub-carrier spacing
	15 kHz

	SCH bandwidth / SCH occupied bandwidth
	1.25 MHz / 0.96MHz

	Number of OFDM symbols per radio frame
	140

	Carrier frequency
	2 GHz

	Number of SCH symbols per frame (P-SCH, S-SCH)
	4 (2,2)

	OFDM symbol timing detection method
	2-partitioned partial correlation method [5]

	P-SCH design
	Frequency domain ZC sequences (length=65)

	Number of indices provided by P-SCH
	3 (index=29, 36, 38)

	S-SCH design
	Interleaved two Hadamard sequences

	Number of indices provided by S-SCH
	27 x 27 = 729

	S-SCH index detection method
	Coherent detection

	Number of TX/RX antennas
	1/2

	Carrier frequency offset between Node-B and UE
	+/-5ppm (uniform distribution)

	Multi-cell model
	Two synchronized cells, AWGN

	Channel model
	6-path GSM Typical Urban

	Vehicle speed
	3km/h


4. Conclusions

In this document, the scrambling method for two S-SCH short codes was investigated. From evaluation results, it was confirmed that the specific scrambling method for 2nd S-SCH short code improves the S-SCH index detection performance.
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