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1
Introduction

The current working assumptions for SSC are:
· Two concatenated binary sequences

In this contribution, we give our design details for the SSC based on frequency domain M-sequences. 
2
M-sequence and its cyclic shifts
 Let S(0,n) represent one M-sequence generated from the  primitive polynomial x^5+x^2+1 over GF(2), i.e. 

S(0,n)= {1,-1,-1,1,1,1,1,1,-1,-1,-1,1,1,-1,1,1,1,-1,1,-1,1,-1,-1,-1,-1,1,-1,-1,1,-1,1}.

Note that we can use other primitive polynomials to generate length-31 M sequence. 

Define S(k,n)=S(0,(n+k)mod N)  where

· N=31

· k=1,2,…30

· S(k,n) is a cyclic shift (k shifts) of S(0,n)

Thus, we have total N sequences including S(0,n)
· S(0,n), S(1,n)….S(30,n)
If we stack those N sequences, we get an M-sequence matrix.
The following are the properties of this family of sequences: 

1. Each sequence has perfect periodic autocorrelation (zero out-of-phase correlation) 

2. Any pair of sequences has almost perfect cross-correlation 
3
M-sequence based SSC

 We propose  that SSC is based on the concatenation of S(m,n) and S(v,n) where m, v =0,1,2,….N-1, i.e.,

· [S(m,0),S(m,1)….,S(m,N-1), 0, S(v,0),S(v,1),…,S(v,N-1)]
· They are mapped to the centre 63 tones
· Or we can interleave S(m,n) and S(v,n) in frequency domain

· A scrambling code, e.g., Golay sequence,  may be applied on top of M-sequence to

i. Minimize the cross-correlation between different shifts in case of very large residual  frequency offsets, e.g., 7.5KHz
1. Given that PSC is used to correct frequency offset in SSC, the probability of having such a large frequency offset is negligible
· Different BPSK modulation can be added on top of  two SSCs in 10ms radio frame

i. [SSC1 SSC2]= [SSC, -SSC] or [-SSC, SSC]

1. They can represent frame boundary information 

This proposal is similar to the design in [2][4] except that [2][4] suggest using Hadamard-based SSC. The properties of using Hadamard based SSC are:

· Different base sequences are orthogonal if there is no frequency selective in the channel.
· Due to frequency-selective channel, poor correlation exists between some pairs in Hadmard matrix. 
For those unused tones out of 72 centre tones, we suggest
· Known pilot tones or zeros can be applied if we want to use SSC as phase reference for CCPCH
· Otherwise, we can simply boost the power of those used tones and pad zeros on those unused tones
4
Fast Hadamard Transforms and Fast M-sequence Transforms 

While the complexity of detect SSC is much lower compared with ZC-based PSC detection, it is still beneficial to minimize the complexity of SSC detection. One advantage of using Hadamard based SSC is that we can use fast Hadamard Transforms. 

It is well-known that there exists the equivalence between M-sequence matrixes and Walsh-Hadamard matrices [1]

 REF _Ref165616573 \n \h 
[3]. Indeed, [1] shows that the implementation of fast M-sequence Transforms is, indeed, the same as fast Hadamard Transforms with index remapping. 

5
Performance

In Table 1, we list all simulation parameters. 

	 Parameter
	Value

	Reference signal power boost (dB)
	3

	Number of PSC+SSC symbols for cell ID detection 
	2

	PSC sequence
	 ZC Sequences with length 64  


	SSC sequence
	M-sequence based 

Total 340 Hypotheses
	Hadamard based 

Total 340 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
	Parameters
	Case 1
	Case 2
	Case 3

	Frequency offset
	10KHz
	10kHz
	10KHz

	Frequency estimator Enabled
	Yes
	Yes
	Yes

	Number of Segments for PSC detection
	2
	2
	2

	Channel Model
	TU3
	TU30
	TU120

	Channel Estimator 
	Realistic
	Realistic
	Realistic


Table 3

Cases

We show the average cell search time results (including hopping on/off detection using reference signal) in Figures 1, 2 and 3.
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Figure 1: Case 1 
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Figure 2: Case 2
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Figure 3: Case 3
6
Conclusions
Based on the analysis and simulation results, we observe
·  M-sequence based SSC performs better than Hadamard-based SSC
· We can apply fast M-sequence Transform  for M-sequence based SSC detection

· M-sequence has better cross-correlation properties compared with Hadamard-based sequence in frequency selective channel

Thus, we recommend adopting M-sequence based SSC for E-UTRA.
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