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I. Introduction
Current working assumptions for S-SCH [1] are 

· Binary based

· Cell ID + Frame timing + number of antennas (if needed) from a single PSC/SSC pair
· SSC structure: Combination of two short codes (concatenation)
There are several remaining issues for S-SCH :

· Number of occupied subcarriers
· Resource allocation type (Interleaved or Localized)

· Short code assign rule (swapping or others)

In this contribution, we investigate the remaining issues for S-SCH using some simulation results. In addition, we discuss P-BCH TTI boundary detection methods.
II. Performances according to sampling rates (number of occupied subcarriers)
Fig. 1 shows second step detection error rate according to sampling rate of S-SCH. Single cell model is assumed and S-SCH short sequences transmitted in subframe 1 is different from subframe 6. We assume total Tx power is the same for both cases. 65 subcarriers including DC subcarrier are used for 1.92 MHz sampling case but 64 subcarriers including DC subcarrier are used for 0.96 MHz sampling rate. Code sequences are listed in table 1 and remaining simulation parameters are listed in table 2 in appendix A. 
It is seen that there is almost 0.2 dB performance gap between the two sampling rates. We guess that this gap comes from puncturing of Hadamard sequence when 0.96 MHz sampling rate is used. Because it was already decided that the P-SCH occupies 64 subcarriers including DC subcarrier, it is desirable that the S-SCH also occupies 64 subcarriers in order to share the same input filter. And in this case, one of two length-32 Hadamard sequences should be truncated. We believe that 0.2 dB performance loss in the second step does not heavily influence on the overall cell search performance.
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Fig. 1. Second step detection error rate according to different sampling rates
III. Performances according to subcarrier allocation types
There are two possible S-SCH subcarrier mapping structures, the first one is the localized mapping and the other is distributed mapping. Fig. 2 shows second step detection error rate performance according to different types of subcarrier mapping methods. Single cell model is assumed and S-SCH short sequences transmitted in subframe 1 is different from subframe 6. The remaining simulation parameters are listed in appendix A. It is seen that interleaved mapping has better performance than localized mapping and the gap is almost 1 dB at 10-2 DER point.
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Fig. 2. Second step detection error rate according to subcarrier allocation types

IV. Performances according to short code mapping methods
Two types of short code mapping methods, swapping (permutation) method [3] and remapping method [4], have been proposed. If we denote a concatenated S-SCH sequence as S = {s0, s1, s2, s3}, then S can be a codeword of 32-ary code with length 4. The minimum hamming distance becomes 2 if we use swapping method but it can be 3 if we use remapping method [4]. The minimum hamming distance can influence on the neighboring cell search performance, especially in synchronized network. Fig. 3 shows second step DER according to different S-SCH sequence mapping methods. We consider neighboring cell search with synchronized two-cell model in Fig. 5 in appendix B in order to investigate the impact of the home cell component to target neighbor cell search. It can be seen that the remapping method outperforms the swapping method with almost 3dB performance gap. 
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Fig. 3. Second step detection error rate according to different S-SCH sequence mapping methods
V. Cell search including P-BCH TTI boundary detection

In the last RAN1 #49 meeting, it was decided that the TTI length of P-BCH is 40 msec. If the scrambling code length of P-BCH is 40 msec or different symbol (or bit) shifting [5] is used at each 10 msec frame, then UE can find 40 msec TTI boundary by using blind detection of P-BCH. This can be a burden for an UE if it has to detect P-BCH of neighboring cells especially in asynchronous network environment. Moreover if SFBC is adopted for the P-BCH antenna diversity, then the number of hypotheses in blind detection becomes 8. The alternative method is to use S-SCH for P-BCH TTI boundary detection. For example, if we use QPSK modulation, UE can detect the P-BCH TTI boundary at the cell search second step. In this case, the number of hypotheses in the second step increases four times. Fig. 4 shows performance differences according to the number of hypotheses in the second step. It is seen that the performance loss is less than 0.3 dB at the 10-1~10-2 DER points. Even if QPSK modulation is used for P-BCH TTI boundary information, UE can choose to detect it either blindly (i. e., via the scrambling code or symbol shifting on top of P-BCH) or using the QPSK demodulation. This can give more flexibility on designing UE receiver.
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Fig. 4. Second step detection error rate according to different number of hypotheses.
VI. Conclusions

Based on the simulation results, followings are recommended
· S-SCH sequences are optimized for 0.96 MHz sampling rate and S-SCH occupies the same subcarriers as P-SCH occupies (i. e., 64 subcarrier including DC subcarrier).
· Interleaved allocation.
· Mimimum hamming distance of concatenated sequences of four short codes should be 3.

· S-SCH has P-BCH TTI boundary information and QPSK modulation is used for it.
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Appendix A. Simulation parameters
Table 1. Sequences for SCH

	
	1.92 M samples/sec
	0.96 M samples/sec

	FFT size
	128
	64

	S-SCH sequences
	Two length-32 Hadamard sequences
	32 Hadamard + 31(punctured) Hadamard

	Occupied subcarriers
	65 including DC
	64 including DC

	P-SCH sequences for channel estimation
	Length-64 ZC with DC puncturing (31, 33, 39)
	Length-64 ZC with DC puncturing (31, 33, 39)


Table 2. Simulation assumptions

	Transmission BW
	1.25 MHz

	Carrier frequency
	2 GHz

	Frequency offset
	0 Hz

	Number of hypothesis in 2nd step
	340 in initial cell search

170 in neighbor cell search (synchronized network)

1360 initial cell search including P-BCH TTI boundary detection

	Channel Model
	TU (6 paths)

	Antenna configuration
	1 Tx and 2 Rx 

	Antenna diversity
	No antenna diversity at Tx and EGC at Rx

	Channel estimation for coherent second step
	DFT based channel estimation

	S-SCH symbol averaging length
	2 symbols


Appendix B. Two cell model for non initial cell search
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Fig.  5. Two cell model for non-initial cell search
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