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1 Introduction
There has being great progress on determining the structure of the SCH channel.  One of the few remaining topics is how the Group ID and Frame Timing are mapped to the two short sequence indices.  There are at present 3 main candidate schemes. 
These schemes differ in how the frame timing is indicated.  The first scheme [1], [2] indicates frame timing by swapping the SSCH short sequences.  The second scheme [3] indicates frame timing by the use of the short sequences transmitted, it is also called remapping, in that the mapping between group ID and short sequence changes between SCH transmissions.  The third scheme indicates frame timing by BPSK modulation, which has being mentioned on the reflector.  
In this contribution we compare these schemes through the simulation and the complexity analyses. We found that  the performance of swapping with scrambling and remapping is similar, while BPSK indication of frame timing has the worst performance. In fact with the scrambling of the second short sequence based on the first sequence, swapping and remapping are virtually the same. The only difference is the way to generate the two short sequences for sub-frame-5. Based on our complexity comparison we see that remapping scheme has some advantages.  
2 Overview of schemes

We present several versions of each of the schemes as different companies have provided different interpretations over time.  The different schemes can basically be summarized as 3 different formulas to define the two short sequences for sub-frame-0 (a,b) and sub-frame-5 (c,d) which provide the information of the Group ID and frame timing, as well as the association between scrambling sequence and Group ID.  For Compactness we label Group ID as GID
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	Short Sequence b
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As you can see the schemes are very similar, and only differ in the formulas used to determine the mapping between the Group ID and the short sequence indexes.  A complexity comparison is given in the appendix, the outcome of which is given in Table 1 below.
Table 1: Summary of Complexity of various Schemes in real additions
	
	Swapping with 1 to 1 scrambling
	Swapping with Many to 1 scrambling
	Remapping, No Scrambling
	Remapping, 2 Scrambling sequences
	BPSK

	# of Real adds
	1315
	1255
	310
	465
	310


3 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.

A 19 Cell environment was simulated with the UE located uniformly in the centre cell.  Each cell was assumed to transmit at the same time (perfectly synchronized), with a distance related delay equal to the distance from the NodeB to the UE divided by the speed of light.  Each cell’s signal is affected by an independent fast fading TU channel.  Based on the unicast SNIR, only the cell edge users (with a SNIR less than -4 dB) were simulated. 

We simulated each drop for a maximum of 5 Frames (50 ms), with the UE averaging the coherently received signal over multiple frames (using MRC based on CSI acquired from the P-SCH.  We assume the S-SCH structure is made up of 2 M-sequences of length 31, which are interleaved on a per subcarrier basis.  The mappings used is described above. 

We only consider a ML receiver which evaluates all combinations of scrambling sequence and m-sequences.  

	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
	

	NodeB 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
	

	 Scrambling code for P-SCH index based scrambling
	Repeated M-Sequence 
	x^5+x+1

	Scrambling code for P-SCH index based scrambling
	M-Sequence
	x^5+x^3+1


4 Performance Evaluation
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Figure 1: Probability of Synchronization to any cell with different mapping schemes, SNR <-4dB ML receiver
We can observe from Figure 1 that all of the schemes except for BPSK modulation have very similar the performance after 1 full frame of reception (2 SSCH).  For the first reception the swapping schemes have a very small performance benefit, however once a full frame or more has been received the remapping schemes have the best performance.  When BPSK is used there are a few users which cannot synchronize due to the consistent interference from neighbouring cells.
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Figure 2: Probability of Synchronization to a cell within 1 dB of strongest cell with different mapping schemes, SNR <-4dB ML receiver

Perhaps a slightly more telling metric than the percentage of UE which synchronize to any cell, is the percentage of UE’s which synchronize to a cell with strong signal strength.  Figure 2 shows the performance of the various schemes with this metric.  We see once again that when only a single SSCH is received the swapping schemes have a small performance edge, however when two ore more SSCH have been received the remapping schemes once again have superior performance.  
5 Conclusion
From the performance point of view we saw that the remapping scheme and the swapping with scrambling scheme are comparable.  From the complexity point of view which scheme is better depends on the cell search algorithm. With the cell search algorithm applied in this contribution the remapping scheme has lower complexity.  
We also saw that the reduction of the number of short sequences did not lead to a significant reduction in complexity, while it improves the cell search performance. Thus we believe that the number of short sequences should not be reduced below 31.  However the increase of the number of scrambling sequences has some negative impact on the performance, especially when two-step cell search algorithm is applied [5]. It will also increase the complexity. Therefore the number of scrambling sequences should be kept to a minimum.  
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Appendix B: Complexity Comparison

In our previous contribution [3] we demonstrated the significant performance degradation which occurs if a sequential detector is used (i.e. detect the first short sequence then use that info to determine the scrambling sequence used on the second short sequence), therefore we will assume that a ML detector is used.

The detection complexity can be broken down into two parts, detecting the first short sequence and detecting the second scrambled short sequence.  Because of the property of the M-sequence used significant complexity savings can be achieved when correlations is performed.  Thus to determine the correlation with 31 sequences requires only 31ceil(log2(31))=155 real additions rather than 312=961.  This savings carries on to a lesser extent when smaller numbers of sequences are correlated.  Thus to determine the correlation with 19 sequences requires 118 real additions, and 110 real additions for 17 sequences, and 63 real additions for 9 different sequences.

Proposal 1: Swapping, with 1 to 1 Index to scrambling sequence relation
First short Sequence:

Requires one correlations of 19 different sequences:  118 real additions

Second Short sequence: 

Each scrambling sequence corresponds to approximately 170/19≈9 different sequences.  9 sequence requires 63 real adds to correlate, therefore the total number of real adds required is 63*19=1197

Total: 1197+118=1315

Proposal 2: Swapping, with many to 1 index to scrambling sequence relation
First short Sequence:

Requires 1 correlations of 31 different sequences:  155 real additions

Second Short sequence: 

Each scrambling sequence corresponds to approximately 170/10≈17 different sequences.  17 sequence requires 110 real adds to correlate, therefore the total number of real adds required is 110*10=1100

Total: 155+1100=1255

Proposal 3: Remapping, No scrambling

First short Sequence:

Requires one correlations of 31 different sequences:  155 real additions

Second Short sequence: 

Requires one correlations of 31 different sequences:  155 real additions

Total: 155+155=310

Proposal 4: Remapping, 2 scrambling sequences, not related to index
First short Sequence:

Requires one correlations of 31 different sequences:  155 real additions

Second Short sequence: 

Requires two correlations of 31 different sequences:  310 real additions

Total: 155+310=465

Proposal 5: BPSK indication of Frame timing
First short Sequence:

Requires one correlations of 31 different sequences:  155 real additions

Second Short sequence: 

Requires one correlations of 31 different sequences:  155 real additions

Total: 155+155=310

Table 2: Summary of Complexity of various Schemes
	
	Swapping with 1 to 1 scrambling
	Swapping with Many to 1 scrambling
	Remapping, No Scrambling
	Remapping, 2 Scrambling sequences
	BPSK

	# of Real adds
	1315
	1255
	310
	465
	310
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