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1 Introduction
In RAN1#46bis the 3 step approach was agreed as the working assumption for the E-UTRA cell search:

1. Acquire timing and frequency from the Primary SYNC channel (P-SCH);

2. Acquire the group ID from the secondary SYNC channel (S-SCH).  
3. Acquire cell Id from DL RS

Three S-SCH structures have been proposed to support at least 512 cell Ids within 1.25 MHz S-SCH bandwidth:  

1. FEC-based: 
In which a Convolutional Code is used to encode the cell ID and possibly other information as data.

2. GCL with cyclic shift:

A GCL sequence is cyclic shifted (or multiplied by a complex exponential wave), where the GCL sequence contains some information and the value of the shift contains some information.

3. Two interleaved sequences,
Conceptually the simplest design consisting of two sequences per S-SCH interleaved together. 
In this contribution we evaluate these three methods.  From the simulation results we found the following observations:
1. FEC-based: 

· Comparable performance in most environments.

· Carries more data

· Low complexity

· Mostly affected by a lack of cell planning.

· Sensitive to timing error

· More complicate neighbour cell search.

2. GCL with cyclic shift:

· Moderate performance

· High complexity

· Resistant to Timing errors

· Resistant to no P-SCH planning 

3. Two interleaved sequences,

· Best performance in all environments considered
· Low to Middling Complexity (depending on Sequences used)

· Best neighbour cell search performance for UE in the connected mode and idle mode.

· Resistant to a lack of P-SCH planning 

2 Simulation Methodology
During the evaluation of the cell search performances of the different schemes, we only consider the step-2.

Known timing offsets have been assumed in the simulations and the frequency offset is set to zero. Although we do not necessarily propose to skip the third step cell search, we assumed that the cell ID can be obtained by the second step in our simulations..
A 19 Cell environment was simulated with the UE located uniformly in the centre cell.  Each BS was assumed to transmit at the same time (perfectly synchronized), with a distance related delay equal to the distance from the BS to the UE divided by the speed of light.  Each BS’s signal is affected by an independent fast fading TU channel.  We assume that the UE has correctly determined the cell ID if the received signal (including Fast Fading affects) from that BS is within 1dB of the strongest channel.  Based on the unicast SNIR, only the cell edge users (bottom 5%) were simulated. 

We simulated each drop for a maximum of 8 Frames (80 ms), with the UE averaging the coherently received signal over multiple frames (using MRC based on CSI).  The average cell search time is then determined by averaging the number of frames required for the UE to correctly determine its serving cell over multiple drops at the same location.  
	Parameters
	Value
	Comments

	Number of Cells (3 sectors)
	19
	

	Bandwidth
	1.25 MHz
	

	Operating Frequency
	2 GHz
	

	Minimum Mobile-to-BS Distance
	35 m
	

	Test Sector
	Centre Cell any sector
	

	Sector Orientation
	Bore-Sight Pointing
	

	Antenna Pattern
	70° (-3dB) with 20 dB front-to-Back, (
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	Path loss Model
	128.1 +37.6log10(d)
	d in km

	Log-Normal Shadowing Standard Deviation
	8 dB
	

	BS Shadowing Correlation
	0.5
	

	UE Noise Figure
	9 dB
	

	Thermal Noise Density
	-174 dBm/Hz
	

	BS Antenna Gain
	15 dB
	

	UE Antenna Gain
	0 dBi
	

	BS Maximum PA Power
	43 dBm
	

	Other Loss
	20 dB
	Including cable and penetration losses

	FFT Size
	128
	

	Cyclic Prefix Duration
	Short
	

	Channel Estimation Algorithm
	FFT based on P-SCH
	

	Cell Size
	1.732 km
	ISD

	P-SCH
	ZC sequences
	


3 Overview of the three schemes:

3.1 FEC Based

This method simply encodes the cell ID as information bits in a Rate ¼ convolutional code.  Viterbi decoding is used to detect the cell ID.  It is uncertain how neighbour cell search would occur for this method.  Further details can be found in [1].

3.2 GCL with cyclic shift

In this approach the S-SCH is made up of two sequences which are multiplied together and then transmitted.  The two sequences are a GCL (Generalized Chirp Like), and an exponential wave (equivalent to a cyclic shift in the time domain).  By detecting the GCL first using a differential encoder and an FFT, the two sequences can be separated.  This is explained more fully in [3].  However this technique is much more complex than the other two as shown in [4].
3.3 2 Part Sequences

By breaking the length 72 sequence into two length 36 sequences we can increase to possible amount of information carried by the S-SCH to 2log2(36).  The sequence considered are two identical length 36 Zadoff Chu sequences.  They have zero cross correlation as well as very low PAPR which could allow for possible boosting in some situations.  Other sequences such as modified Walsh-Hadamard could also be used as they allow for efficient receiver implementation.
The cell ID (a number between 1 and 362 denoted CellID) is divided into two sequences using 

N1= mod(CellID,36)

N2=ceil(CellID/36)

Where N1 is the number corresponding to the first sequence and N2 corresponds to the second sequence.  These two sequences are interleaved in the frequency domain so that they occupy every other subcarrier.  The receiver detects each sequence by exhaustive search, and builds two vectors Corr1 and Corr2, equal to the correlation between the received signal and the respective sequences.  The correlation for each cell ID is therefore  
Corr(CellID)=Corr1(mod(Cellid,36))+Corr2(ceil(CellID/36))

The maximum value in the vector Corr corresponds to the cell ID with the strongest signal strength.  Note that these values can also be immediately used in neighbour detection as they already are an accurate estimate of the neighbours relative strengths.  
4 Planning

In this section we consider the effects of cell planning on the various S-SCH performances.  To this end we consider two scenarios: “planned” and “unplanned”.  In the planned scenario, the P-SCHs are arranged uniformly throughout the sector so that no adjacent sectors have the same P-SCH.  In the unplanned environment each sector is randomly assigned a P-SCH.  The P-SCH assignments are changes with every drop of the simulator.
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Figure 1: Affect of Planning of Cell ID detection for Edge Users
We see that FEC is the most affected by the unplanned environment this is because it uses the channel to randomize the interference between neighbouring cells.  Without this randomization the interference is of the form of a codeword which strongly affects performance.
5 Neighbour Cell search

The S-SCH can also be used for neighbour cell search. In a synchronous environment the 2 PN sequence S-SCH automatically calculates the relative strength of each of the neighbouring cells as part of the cell search procedure.  Both ZC with Circular Shift and the FEC based S-SCH require additional complexity to perform the neighbour cell search.  
6 Conclusion
We recommend adopting two interleaved PN sequences based S-SCH based on the following considerations:   

· Best cell search performance in all scenarios 

· Good cell search performance even for single P-SCH sequence
· Least sensitive to an unplanned environments
· Simple neighbour cell search in a synchronous environment.  

· Good performance when timing errors occur.
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