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1 Introduction
According to the latest working assumptions for cell search, the following approach can be used for the E-UTRA cell search:

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

2. Acquire the cell ID from the Primary SYNC channel (P-SCH);

3. Acquire the group ID from the secondary SYNC channel (S-SCH);  
4. Verify cell Id from DL RS.
The P-SCH and S-SCH are transmitted every 5ms.  In a synchronous environment the UE often receives signals from multiple NodeB’s simultaneously.  As each NodeB transmits the same SCH every half frame the interference every 5ms is identical.  What we propose is that the S-SCH sequence transmitted in the first subframe is different from that transmitted in the 6th subframe.  In this way the interference introduced is randomized and will non-coherently add together.  
To this end we propose permuting the cell id transmitted between the first and sixth subframe.  Let us assume that the UE has performed calculations on the first S-SCH.  It now has some type of measurement relating to the likelihood of each cell id.  Before it soft combines it with the information of the second S-SCH it is permuted by permutation P.  It then continues and combines it with the information from the second S-SCH.  Depending on the frame synchronization information, it would either use the cell id it detected or the permuted version of it to decode the P-BCH.  This continues until the BCH has been correctly decoded.  Because the UE cannot know what subframe it decodes first P must be chosen to be its own inverse. (i.e. P=P-1)  Thus even if the frame synchronization is incorrect the accumulation of data is unaffected.

We show by simulation in the section below that this small modification can achieve significant performance improvement in the synchronous environment, at the cost of a single permutation.

Let us consider a simple example to illustrate this concept in which the numbers are completely fabricated.  Let us assume that there are 6 different cell ids to be detected.  Because of the affect of the channel even though the original cells transmitted signals are uncorrelated the UE still will detect correlations between different Cell ID. After the first transmission the UE calculates the following Correlations for the different cell id’s.  We assume that the channel does not change therefore the correlations also do not change.
	Cell id
	Sub-Frame
	1
	2
	3
	4
	5
	6

	Correlation from NodeB  1 with Cell ID 4
	1
	0.1
	-0.3
	0.5
	1.0
	0.3
	0.2

	
	6
	0.1
	-0.3
	0.5
	1.0
	0.3
	0.2

	Correlation from NodeB  1 with Cell ID 2
	1
	0.3
	1.4
	0.7
	0.1
	0.5
	0.3

	
	6
	0.3
	1.4
	0.7
	0.1
	0.5
	0.3

	Sub Total
	1
	0.4
	1.1
	1.2
	1.1
	0.8
	0.5

	
	6
	0.4
	1.1
	1.2
	1.1
	0.8
	0.5

	Combined Total
	1+6
	0.8
	2.2
	1.4
	2.2
	1.6
	1


The UE would assume that the strongest Cell ID is 3 and until the channel changes would continue to do so never locking onto a NodeB.  Let us now add in the permutation [4 5 6 1 2 3], this permutation is self invertible so information can be accumulated without loss knowledge of the frame boundary.  
	Cell id
	Sub-Frame
	1
	2
	3
	4
	5
	6

	Correlation from NodeB  1 with Cell ID 4
	1
	0.1
	-0.3
	0.5
	1.0
	0.3
	0.2

	
	6
	1.0
	0.4
	0.2
	0.1
	-0.2
	0.2

	Correlation from NodeB  1 with Cell ID 2
	1
	0.3
	1.4
	0.7
	0.1
	0.5
	0.3

	
	6
	0.3
	0.4
	0.1
	0.2
	1.4
	0.2

	Total
	1
	0.4
	1.1
	1.2
	1.1
	0.8
	0.5

	
	6
	1.3
	0.8
	0.3
	0.3
	1.2
	0.4

	Combined total
	1+P(6)
	0.7
	2.3
	1.6
	2.4
	1.6
	0.8


We see that now the two strongest cells have the highest correlations and are thus correctly detected.
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 57 Cell environment was simulated with the UE located uniformly in the centre 3 cells.  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
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Figure 1: Affect of Planning of Cell ID detection for Edge Users
3 Conclusion
We recommend that the S-SCH transmitted in subframe 1 is different from subframe 6 to randomize the interference.  
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