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1 Introduction
The document proposes a package of Primary Synchronisation Codes (PSC) and Secondary Synchronisation Codes (SSC) design for LTE cell search. Design of both PSC and SSC is based on ZC sequences to satisfy the basic requirements listed in [1]. 
PSC design is based on 71-length sequences. SSC design is based on either 71-length sequence or 31-length sequences. Note that 31 and 71 are prime number so that cross-correlations between the sequences are minimized. 

2 PSC design
2.1 Description of the design
The design choice:
· Three 71-length ZC sequences of indices 1, 5, 70 are chosen as three frequency-domain PSC sequences.

· For low timing search complexity, 128-length time domain quantized replica can be used (also referred to as sign replica in [2]).

Reason for the choice:

· 71-length is to maximize utilization of PSC sub-carriers (72 available sub-carriers) while minimizing cross-correlation between the sequences of the same length.  
· Indices 1, 5, 70 are selected to minimise: 
· the quantisation errors (i.e. error between quantized replica and normal replica) 
· the maximum cross-correlation between the selected sequence and any of the remaining sequences. 
· ZC sequences have constant amplitude in frequency domain and reasonable PAPR.

Formulae of ZC sequences and our method for choosing their indices 1, 5, 70 are presented in the annex. 

For transmission, each of the selected sequences is mapped onto sub-carriers available for P-SCH as shown in Figure 1.

[image: image1]
Figure 1: Mapping of PSC to sub-carriers

Use 128-point IFFT (with PSC shown in Figure 1 being input) to obtain a normal replica which is then quantized (by replacing a real or imaginary element by +1 if it is greater than or equal to zero, by -1 otherwise) to generate 128-length quantised replica. 
2.2 Merits of the design
2.2.1 Single peak & low correlation between time domain PSCs
Figure 2,Figure 3, and Figure 4 below show timing search profiles created by cross correlating a time-domain signal containing a transmitted PSC and replicas of different PSC sequences. In each figure, the top/bottom plot is when original/quantised replica is used respectively. The vertical-axis is ratio between correlation power at a lag and correlation power at zero lag using original replica. It is clear from the figures that:

· There is single strong peak per PSC.

· Correlation power between PSCs is at least 13dB below the single strong peak 
· Correlation using quantised replica is not significantly different from that with original replica (Peak of quantised replica is about 80% of that of original) and impact on performance is negligible as shown in annex 5.4 which is inline with results in [2].    
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Figure 2: Searching profile for transmitted PSC1
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Figure 3: Searching profile for transmitted PSC2
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Figure 4: Searching profile for transmitted PSC3
2.2.2 Low correlation between PSC and SSC time domain sequence
Figure 5,Figure 6, and Figure 7 below show timing search profiles created by cross correlating a quantised replica of a PSC with 340 time domain signals each contains a SSC sequence of length 71 (cross correlations with 31-length SSC sequences are given in the annex).  
The z-axis is ratio between correlation power and the peak power obtained when correlating the quantised replica with time domain signal containing corresponding PSC at zero lag. 

It is clear from the figures that the correlation powers are well below (more than 10dB) the peak power. 
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Figure 5: Cross-correlation between PSC1 and 340 SSC of length 71
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 Figure 6: Cross-correlation between PSC2 and 340 SSC of length 71
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Figure 7: Cross-correlation between PSC3 and 340 SSC of length 71
2.2.3 Other merits
· Equal amplitude in frequency domain: 

· Due to the nature of ZC, frequency domain PSC has constant amplitude

· Low complexity for timing search profile generation: 
· Quantized replica can be used to keep complexity small. 
· Replica has length of 128 means non-integer decimation is not required.

· Reasonable PAPR: 
· All 128 elements of PSC in time domain are non-zeros and their powers are not significantly different.

3 SSC design
3.1 Description of the design

There can be two main options:

· Option1: Sixty-seven 71-length ZC sequences of indices 2-4 and 6-69 are chosen as frequency-domain SSC sequences to carter up to 2040 hypotheses (170 group ID, 2 frame timing, 3 number of antennas for BCH and 2 on/off hopping).
· Option2: Thirty 31-length ZC sequences of indices 1-30 to cater up to 680 hypotheses (170 group ID, 2 frame timing, 2 for other purpose). This option provides bonus mean for frequency offset estimation and CP length detection by mapping the SSC sequence to every second sub-carrier to create repetition signal in time domain. Also, SSC detection is more robust against frequency offset as shown in Figure 9
Selection of SSC sequences is explained below:

· Let  
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· From each sequence 
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· Select 
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· In Option-1, the base is the set of K=67 ZC sequences of length Q=71 including indices not coincide with those used for PSC, i.e. including indices:  2-4 and 6-69. 
· In Option-2, the base is the set of K=30 ZC sequences of length Q=31.

· The choices of 
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Table 1: The choices of 
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3.2 Merits of the design
3.2.1 Low correlation between frequency domain SSC sequences 
Figure 8 below show correlation between SSC sequences of the set of 340 ZC-based SSC sequences of length 71 generated from the procedure described above. The z-axis is ratio between cross-correlation power and auto-correlation power for each SSC in the frequency domain. It is clear from the figure that the cross-correlation is very small compared to the auto-correlation (20dB difference). Correlation property of 31-length SSC sequences is given in the annex. 
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Figure 8: Correlation property of the set of 340 ZC-based SSC sequences of length 71
3.2.2 Robust SSC detection in presence of frequency and timing error
Simulation Assumption
	Single cell
	

	Carrier frequency
	2GHz

	System bandwidth
	1.25MHz (72 active sub-carriers)

	Number of SCH per radio frame
	2

	Fading channel model
	TU-6

	P-SCH signal
	ZC sequence of length 71

	S-SCH signal detection method
	Coherent  with channel estimate using P-SCH 

	All transmitted OFDM symbol has the same power regardless of data symbol or SCH symbol.

	


Simulation Results:
Figure 9 shows that:

· Ideal timing and frequency case: at SNR <5dB, 71-length SSC sequences have better performance than 31-length SSC sequences.
· Frequency offset case: at SNR <5dB, 71-length SSC and 31-length SSC have comparable performance; at SNR > 5dB 31-length SSC sequences have better performance than 71-length SSC sequences.
· Timing error case: at SNR <0dB, 71-length SSC sequences have a bit better performance than 31-length SSC sequences. 
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Figure 9: 340 SSC in different condition of frequency offset and timing error.
In the simulation, either random timing error or random frequency offset is used in each SSC detection. Probability of SSC detection is averaged value over time and 340 SSCs.

3.2.3 Other merits
· Equal amplitude in frequency domain: 

· Due to the nature of ZC, frequency domain SSC has constant amplitude

· Reasonable PAPR: 
· All 128 elements of SSC in time domain are non-zeros and their powers are not significantly different.

4 Conclusion
In this paper, we showed that how PSC and SSC should be design to meet the most basic requirements for cell search as outlined in [1]. 

We propose a set of three 71-length PSC sequences as described in section 2.1
We proposed several sets of SSC sequences with 71-length and 31-length as described in section 3.1 for used with different number of hypotheses required. The 31-length SSC should be selected if the required number of hypotheses required is not greater than 680 since it has bonus mean for frequency offset estimation and CP length detection. The 71-length SSC should be selected otherwise.
5 Annex
5.1 ZC sequences

The formulae of Zadoff-Chu (ZC) sequences used in this document are as follows:  
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Note that when 
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 is prime, the above sequences become 
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5.2 Method for selection of PSC sequences
If 
[image: image40.wmf]70

,...,

1

  

,

=

M

M

C

 denotes the 70 ZC frequency domain sequences, then three PSC sequences are chosen as follows:

1) Choosing 
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2) Selecting 3 out of 
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Let 
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Apply this 2-step selection process on seventy 71-length ZC gives the triple of indices 
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5.3 Correlation figures for 31-length SSC sequences

[image: image60.png]Cross-correlation of PSC1 replica with set of 340 SSCs of length 31 in time domain

008

008

Norm power to max power(cor(PSC1 replica,PSC1))

3850

450" g

Lag in sample (0 at timing point) SSC sequence index




Figure 10: Cross-correlation between PSC1 and 340 SSC of length 31
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Figure 11: Cross-correlation between PSC2 and 340 SSC of length 31
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Figure 12: Cross-correlation between PSC3 and 340 SSC of length 31
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Figure 13: Correlation property of the set of 340 ZC-based SSC sequences of length 31

5.4 Performance of quantized replica
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Figure 14: Performance of quantised vs. non-quantised replica
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