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1. Introduction

In the last meeting, performance gap between coherent and non-coherent S-SCH index detection methods was discussed. This document evaluates these detection methods using a two layered S-SCH sequence design. 
2. S-SCH sequence
In the initial cell search, the cell ID and the radio frame timing are detected [1]. The number of transmit antennas for BCH may also be indicated by the S-SCH, if necessary. The number of cell IDs is represented by NOS x NPRs [2] where NOS is the number of orthogonal sequences of DL-RS and NPRs is the number of pseudo random sequences of DL-RS. Therefore, the number of cell IDs that should be identified by the initial cell search is NOS x NPRs = 3 x 170 =510. If the UE does not know the system bandwidth in the cell ID detection using the DL-RS, the UE will utilize the RS only from the central 1.25MHz of the channel. Therefore, only 12 DL-RS sub-carriers are available and as such the number of cell IDs detected by the DL-RS may be less than 12 x 3 = 36. 
Therefore, the total number of indices provided by the S-SCH is larger than the number of sub-carriers in an S-SCH symbol. To provide these indices, a two layered S-SCH sequence design such as ZC sequence modulated by a complex exponential wave [6] (DFT sequence) is useful. It allows for a larger number of indices without additional SCH overhead because both the ZC sequence index and complex exponential wave index provide unique indices. 
Three different methods of detecting the S-SCH sequence index are considered.  The first method (Method1) uses the estimated channel responses by the P-SCH symbol to detect both ZC sequence and complex exponential wave indices (i.e., fully coherent). The second method (Method2) is the non-coherent detection method, and the third method (Method3) uses the differential processing for ZC sequence index detection [3] followed by complex exponential wave index detection using the channel estimation results of the P-SCH symbol [4]. With Method 3, since both the ZC and exponential wave indices can be detected using IFFT without correlating over multiple candidate sequences, this S-SCH sequence design enables low complexity receiver design. In terms of processing flow as shown in Figure 1, the ZC sequence index is detected first, followed by detection of the complex exponential wave index. The IFFT function could be shared by both index detectors because the S-SCH index detection cycle is relatively slow.
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Figure 1 : Example of S-SCH index detection flow (Method3)
For the non-coherent method (Method2), the number of exponential waves that can be accurately detected is small, resulting in the need to use a relatively larger number of ZC indices than the other methods.  Since the non-coherent detector separately evaluates every one of the possible ZC indices (e.g., 68), its complexity would be higher than the other methods. Also, when multi-SCH symbol averaging is used, the amount of memory needed for the non-coherent method would be quite large. 
For the coherent method (Method1), the detector also separately evaluates every one of the possible ZC indices, but the number of ZC indices is chosen to be small (e.g., 4) to keep the detector complexity reasonable. 

For the differential-coherent method (Method3), the complexity is relatively low and is less dependent on the numbers of ZC and exponential wave indices than the other methods.
3. Simulation 

In this section, the S-SCH index detection performances of the three S-SCH index detection methods are shown.

3.1. Simulation conditions

Table 1 shows the link parameters. The short CP length is adopted. In these simulations, it is assumed that the receiver knows the CP length of SCH. The frequency offset between the Node-B and the UE is 5ppm. The vehicle speed is 3km/h. The inter-cell interference is modeled by AWGN. The cross-correlation method is used for OFDM symbol timing detection. 

Table 1 : link parameters
	Number of sub-carriers
	72

	Sub-carrier spacing
	15 kHz

	SCH bandwidth / SCH occupied bandwidth
	1.25 MHz / 1. 08MHz

	Number of OFDM symbols per radio frame
	140

	Carrier frequency
	2 GHz

	Number of SCH symbols per frame (P-SCH, S-SCH)
	4 (2,2)

	Number of P-SCH symbols for timing detection
	2

	Number of S-SCH symbols for S-SCH index detection
	2

	Number of TX/RX antennas
	1/2

	Carrier frequency offset between Node-B and UE
	5ppm

	Channel model
	6-path GSM Typical Urban

	Vehicle speed
	3km/h


Table 2 shows the P-SCH symbol parameters. The P-SCH sequence is a ZC sequence. The P-SCH symbol uses every other sub-carrier. 
Table 2 : P-SCH symbol parameters
	Sequence
	ZC 

	Number of occupied sub-carriers
	36

	Prime number of ZC sequence
	37

	Index number 
	1 


Table 3 shows the S-SCH symbol parameters. The S-SCH sequence is a ZC sequence modulated by a complex exponential wave. 
Table 3 : S-SCH symbol parameters
	Sequence
	ZC sequence modulated by complex exponential wave

	Number of occupied sub-carriers
	72

	Prime number of ZC sequence
	73

	Number of indices provided by ZC
	4 (Method1 and Method3), 
68 (Method2)

	Number of indices provided by complex exponential wave 
	68 (Method1 and Method3), 
4 (Method2)

	Index number 
	Randomly selected


3.2. Simulation results

Figure 2 shows the S-SCH index detection performance in an asynchronous system. SINR denotes signal power of cell to noise and interference power ratio in the SCH occupied band. 
The S-SCH index performance degradation using Method2 (non-coherent) is small compared to Method1 (coherent). The S-SCH index detection performance using Method3 (Differential-coherent) slightly degrades compared to Method1 (coherent), but is much lower complexity.  Note that these results are only for the first 2 steps of the 3 step cell search procedure.  In [7], it is shown that the total index DER of the 3 step cell search process is virtually the same among all three detection methods.
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Figure 2 : S-SCH index detection performances
4. Conclusions

In this contribution, three S-SCH index detection methods were evaluated using a two layered S-SCH sequence design. 
· S-SCH index detection performance of Method1 (Coherent) is slightly better than that of others. However, in [7], it is shown that the total index DER of the 3 step cell search process is virtually the same among all three detection methods.
· The non-coherent index detection method (Method2) needs a large number of memory for multi-symbol averaging because the number of ZC sequences is larger than that of others.
· The receiver complexity of Method3 is lower than that of others because Method3 does not require memory corresponding to the number of ZC sequences for multi-symbol averaging.
· To further mitigate inter-cell interference, a way of mapping the S-SCH sequence with different S-SCH sub-carrier offsets used on adjacent Node Bs [5] or scrambling S-SCH sequence by one of small number of scrambling codes could be useful. 
Therefore, both Method1 and Method3 are recommended for S-SCH index detection method.
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