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1 Introduction
The remaining issues on SSC design are listed as follow:

a) Radio frame timing detection;

b) Choose the number of codes for SCH1 and SCH2 so that the number of hypothesis is 340;

c) Choose the scrambling sequence based on b).

In this contribution, we focus on the number of codes for SSC from the viewpoint of detection method and the problem of sequence “collision”. Based on the chosen number of codes for SSC, a simple mapping method is also proposed.
2 Detection method for SSC
There are two detection methods for the two segments of SSC. One is joint detection, and the other is separate detection. 
For the joint detection:

a) 
Calculate the correlation between the replica sequences used and the two segments of the received signal.

b) Sum up all possible valid sequence combinations.
c) Find the maximum among those correlation values.
For the separate detection:

a) Calculate the correlation between the replica sequences used and the two segments of the received signal.

b) Find the maximum among those correlation values for the first segment.
c) Find the maximum among those correlation values for the second segment.
The SSC detection performance is dependent of the detection method and the number of m-sequences used. For example, if the number of codes for SSC is 19, there are 361 available combinations, in which 340 combinations are valid. In this case, there will be little performance difference between joint detection and separate detection. The simulation results below (see in section 5) also back up this conclusion. 
If the number of codes for SSC is 31, there are 961 available combinations, in which only 340 combinations are valid. In this case, there will be performance degradation for separate detection comparing to joint detection since there are too many invalid combinations when using separate detection.

Since the detection method is an issue for UE implementation and should not be specified, the SSC should be designed to support both joint detection and separate detection without performance degradation. From this point of view, 19 codes for SSC seem to be a good choice.  
3 Collision Problem
The sequence collision between two cells is determined by the number of codes for SSC. The more m-sequence is used, the less sequence collision probability will be. For example, when 19 m-sequences are used for SSC and with simple mapping, the collision probability is about 10%, and when 31 m-sequences are used and with elaborate mapping scheme, the collision is about 5%. Sequences collision will bring some negative impact on the cell search performance. When there is no scrambling applied to the two SSC short codes, there will be performance degradation due to sequence collision. From this point of view, 31 m-sequences used for the SSC seem to be better. However, the PSC-specific scrambling is agreed in RAN1 49bis meeting. Therefore, when the PSC-specific scrambling is applied, the collision problem can be alleviated to some extent and make the performance degradation due to collision insignificant. Especially, when the P-SCH used for the two cells is different, the collision problem can be eliminated. The advantage of using 31 m-sequences for SSC is no longer held. And as mentioned in section 2, when separate detection method is used, there will be some performance lost when using 31 m-sequences. Our simulation results below also show that the performance of 31 m-sequences used is worse than that of 19 m-sequences when separate detection is applied. Thus, 19 m-sequences for SSC seem to be a suitable choice again. 
4 Proposed mapping scheme

From the discussion above, we think that 19 codes for SSC seem to be a good choice. Thus, a simple mapping scheme based on Chinese Residue Theory (CRT) is proposed.
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At the UE side, assume the detected indices of S-SCH two short sequences are 
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, the process of recovering frame timing and cell group ID can be described as follow:
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Note that the procedure is applicable for separate detection.
5  Simulation assumptions and results
In this section, we evaluate the cell search performance of the two detection methods mentioned above for different number of m-sequences used. Firstly, we investigate the SSC Detection performance in single cell scenario. The simulation parameters are listed in Appendix-A. We focus only on the SSC detection and assume correct PSC detection since the issue in this document is only related to the SSC detection.
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Figure- 1 SSC Detection Performance in single Cell
Figure-1 shows the SSC detection performance in a single cell for the two detection methods using different number of m-sequences for SSC. As can be seen from Figure-1, when 19 m-sequences are used for SSC, the performance of joint detection and separate detection is almost the same. However, when 31 m-sequences are used, the performance difference between joint detection and separate detection is about 0.5dB. 
We also evaluate the SSC detection performance in a two cells model (Figure-2) when considering the sequence collision problem. We assume that 
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. The simulation results are shown in Figure-3.
[image: image19.emf]Fading channel

Fading channel

Target cell

Home cell

Other 

interference

(Gaussian)

target

I

home

I

oc

I

() rt


Figure- 2 Two cells model 
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Figure-3 SSC Detection Performance in Two Cells Model

It can be seen from Figure-3 that the performance will be improved when PSC-specific scrambling is applied to the two SSC short codes. The SSC detection performance is related to the detection method and the number of m-sequences used. For joint detection, when PSC-specific scrambling is applied the PSC index used for the two cells is different, the sequences collision problem may be eliminated, making the SSC detection performance independent of the number of m-sequences used. However, for separate detection, the performance of 31 m-sequences used is worse than that of 19 m-sequences used. This is mainly because there is some performance degradation for 31 m-sequences used case when using separate detection while there is almost no performance degradation for 19 m-sequences used case (as illustrated in Figure-1). From this point of view, sequence collision problem is not a big issue when PSC-specific scrambling is applied. And considering the robustness for different detection method, 19 m-sequences for SSC seem to be a good choice.
6 Conclusions
In this contribution, we focus on the number of codes for SSC from the viewpoint of detection method and the problem of sequence “collision”. We think that 19 codes for SSC seem to be a good choice and a simple mapping scheme based on CRT is proposed.
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8 Appendix-A
Table- 1: S-SCH symbol parameters

	Sequence
	Two M-Sequence interleaved in frequency domain

	Number of occupied sub-carriers
	62

	Number of M-sequence
	19/31

	Index number 
	Randomly selected

	Detection method
	Coherent detection


Table- 5: Other parameters

	Carrier Frequency
	2GHz

	Antenna configuration
	1/2

	Channel
	TU

	Interference of other cells
	AWGN

	Mobile speed
	3km/h, 120km/h

	Frequency Offset
	0.5ppm


� The value of � EMBED Equation.DSMT4  ���and � EMBED Equation.DSMT4  ���is selected base on CRT.


� The label “PSC-specific scrambling1” in figure-3 means that the PSC index used for the two cells is randomly selected and “PSC-specific scambling2” means that the PSC used for the two cells is different.
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