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I. Introduction
In the last meeting, M-PSK modulated S-SCH structure was proposed by several companies and its performance was evaluated in initial cell search and non-initial cell search with a two-cell model [1, 2]. By using the M-PSK modulated S-SCH signal structure we can minimize the required number of S-SCH sequences, thus reduce the second step complexity. In this contribution, we compare the non-initial cell search performances of QPSK modulated S-SCH and different S-SCH sequences using the system level simulations.
II. Two possible S-SCH structures
2.1 Different S-SCH sequences for all information (Scheme-1)
This scheme uses different sequences in the first and the second S-SCH symbols for the frame boundary detection, and also uses different sequences for the other information (# of BCH antennas, hopping on/off). Thus if all the information is included in S-SCH, the number of S-SCH sequences used in the system is 
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2.2 QPSK modulated S-SCH (Scheme-2)

In this case, 4 hypotheses (2 bits) are QPSK modulated so the number of S-SCH sequences is reduced to 1/4, compared with Scheme-1.
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Assuming the same number of hypotheses for the above two schemes, the QPSK modulation reduces the second step complexity by almost 1/4 against Scheme-1 because the complexity in the second step mainly comes from the number of S-SCH sequences.
III. Simulation condition and results
We compare the two schemes in the above in non-initial cell search environment using system level simulation. As many companies have already mentioned, non-initial cell search is much more important than initial cell search. Fig. 1 shows the cell configuration used for simulation. Synchronized network is assumed. Three different P-SCH sequences are allocated to three cells in the same node B. The same S-SCH sequence is used for the three cells in the same node B but different node Bs use different S-SCH sequences. In order to randomize the SCH signal from other cells, we multiplied a random phase rotation value(+1 or -1)  to both P-SCH and S-SCH signals. Although the UE is made to be geometrically located in center node B only (green part in Fig. 1), any cell among the 57 cells can be the home cell (serving cell) or a handover target cell. For simple simulation, we evaluated the search time when the UE has only one target cell. A cell is considered to be a target cell if its average power is larger than the threshold which is (min (6 dB) smaller than the home cell average power, as described in Figure 2.
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Fig. 1 Cell configuration for non-initial cell search
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Fig. 2 Sample condition for non-initial cell search performance evaluation.
Figure 3 shows the procedure of the non-initial cell search used in simulation. We assume that there is no neighbor list information from the serving cell. Since the synchronized network is assumed, the coarse frame boundary is already known to the UE. Thus, the search window size of the first step can be reduced to several CP durations and the number of hypotheses of the 2nd step is reduced to 1/2 compared with initial cell search case. 
The target cell may or may not have the same PSC as the home cell. Thus, the second step should be carried out for each of the three timing outputs from the first step.
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Fig. 3 Non-initial cell search algorithm used in simulation (when the PSC number in home cell is 1)
Figure 4 shows the non-initial cell search time performances of Scheme-1 (w/o modulation) and Scheme-2 (w QPSK). For Scheme-1, both coherent and non-coherent detections were simulated. Note that the non-coherent detection is relatively poor compared to the coherent one. We can see that the Scheme-1 and Scheme-2 both with coherent detection show almost the same performance.
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Fig. 4 Neighboring cell search time performance
IV. Conclusions

In conclusion, we have compared the non-initial cell search performance of various S-SCH structures through system level simulations. Among the schemes compared, the non-coherent scheme performed worst. The QPSK based scheme (Scheme-2) requires only about 1/4 of computation and shows almost the same performance as compared with the different S-SCH sequence based scheme (Scheme-1). 
From the above observation, we propose the following S-SCH structure for E-UTRA.
· QPSK modulated S-SCH for two of the following information

· Frame boundary indicator
· Reference signal hopping pattern on/off 
· P-BCH Tx diversity indicator (if needed) 

· Cyclic shifted ZC sequences (or binary sequences scrambled with GCL sequences) for

· Cell group IDs and 
· One of the above information (if needed)
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Appendix A. Simulation conditions
Table 1. Simulation assumptions
	Transmission BW
	1.25 MHz

	Carrier frequency
	2 GHz

	FFT Size
	128

	Total Number of used subcarrier
	72

	Residual frequency offset
	200 Hz

	S-SCH sequence
	Cyclic shifted ZC with length 73 (code increase 1)

	Number of S-SCH sequences 
	Scheme 1
	2040 (time increase 4 samples)

	
	Scheme 2 (QPSK)
	510  (time increase 16 samples)

	Number of hypothesis in 2nd step
	1020 (coarse frame boundary is already known in sync. Network)

	P-SCH sequence
	GCL with length 37
# of occupied subcarriers by P-SCH = 36

	P-SCH sequence numbers
	1, 4, 21

	Channel Model
	TU (6 paths)

	Antenna configuration
	1 Tx and 2 Rx 

	Antenna diversity
	No antenna diversity at Tx and EGC at Rx

	Averaging length for the second step
	1 S-SCH symbol (no averaging)

	Channel estimation for coherent second step
	DFT based channel estimation

	Averaging length for the first step
	1 P-SCH symbol (no averaging)

	Search window size for the first step
	± 3 TCP (TCP: cyclic prefix duration)


Table 2. Multi-cell link level simulation assumptions
	Cellular layout
	19 node-Bs, 3-cell sites

	Antenna horizontal pattern
	70 deg (-3 dB) with 20 dB front-to-back ratio

	Node-B transmission power
	43 dBm

	Node B antenna gain
	14 dB

	UE antenna gain
	0 dB

	UE noise figure
	9 dB

	Site to site distance
	500 m

	Propagation model
	128.1+37.6log10(R in km)

	Propagation delay 
	Applied

	Vehicle speed
	3 km/hr
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