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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 this contribution, we compare two scrambling schemes:
· Baseline Scheme: scrambling two short sequences within one SSC  by  a common P-SCH index dependent scrambling code, i.e., many-to-1 scrambling. Note that this scrambling scheme was already agreed in RAN1#49bis. 
· Alternative Scheme: scrambling of the second sequence with a binary scrambling code corresponding to the index of the first sequence

Based on analysis and simulations, we do not see the benefits of scrambling the second sequence with a binary scrambling code corresponding to the index of the first sequence.  Therefore, we recommend keeping the Baseline scheme as the scrambling scheme for SCH without the need to have the additional nested scrambling. 
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Analysis
Baseline scheme requires three different scrambling codes and the scrambling code applied to the SSC in a cell is based on the PSC index used in that cell.  The motivation of using scrambling codes is to randomize the interference of SSCs from different cells [2] and make the channel response from a SSC in a cell unique such that SSC may be also served as the phase reference for other downlink physical channels.

For Baseline scheme, the maximum likelihood (ML) detector is to find the maximum correlation value (frequency domain) between the received signal and all possible SSC sequences (length 63). The detailed steps are as follows:
· Remove the scrambling code based on the detected PSC index 

· Apply  two fast m-sequence transforms [1] to the two segments of the received signal corresponding to the two short sequences  
· Sum up all  possible valid sequence combinations, e.g., 170 or 340

· Find the maximum among those correlation values

For Alternative scheme, if the ML detector is applied, we need to apply multiple descrambling and fast m-sequence transforms to the second segment of the received signal for each possible index of the first short sequence. Thus, the complexity increases many folds.  To reduce the complexity, we may apply a sub-optimal detector:
· Detect the index of the first short sequence by using the first segment of the received signal and applying fast m-sequence transform
· Remove the scrambling code on the second segment of the received signal  based on the detected index

· Apply the fast m-sequence transform on the second segment of the received signal

· Detect the index of the second sequence

3
Link performance 
In Table 1, we list all simulation parameters. 

	Parameter
	Value

	Number of PSC+SSC symbols for cell ID detection
	2

	PSC sequence
	ZC Sequences with length 63

	SSC sequence
	M-sequence based

Total 170 Hypotheses

	Frame Boundary Detection
	Different BPSK modulation on SSC1 and SSC2

	Number of Rx Antenna
	2

	Number of Tx Antenna
	1

	Symbol timing detector
	Replica-based

	Frequency offset estimator
	Differential based

	CP length Detection
	ML detector (two different CP hypotheses resolved at the end of Step 2)

	SSC Detection
	Coherent


Table 1

Simulation Assumptions  

The channel delay and power profiles are fixed for each specific channel model as given in Table 2.

	Channel Model
	Path 1 (dB)
	Path 2 (dB)
	Path 3 (dB)
	Path 4 (dB)
	Path 5 (dB)
	Path 6 (dB)

	TU
	-3 
	0
	-2
	-6
	-8
	-10


Table 2

Normalized Power Profile
We compare the average cell search time results in the following figures. Two detectors are considered:
· Joint detection of two short sequences (ML detector) : Baseline scheme
· One-by-one detection : Alternative scheme
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Figure 1: TU3
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Figure 2: TU30
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Figure 3: TU120

3
Conclusions
Based on the analysis and simulation results, we observe
· Suboptimal detector degrades the SSC detection significantly at low SNRs for Alternative scheme
Thus, we recommend retaining the Baseline scheme for the scrambling of SSC, i.e., scrambling two short sequences within one SSC by a common P-SCH index dependent scrambling code for E-UTRA. 
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