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1. Introduction

In the last meeting, four different approaches were identified as possible candidates for the initial cell search. The three step initial cell search (approach one) is currently the working assumption [1]. This contribution proposes S-SCH sequence design based on approach one. 
2. Information acquired by S-SCH and DL-RS in initial cell search
The main information provided by S-SCH in the second step of initial cell search [1] is:

· Group ID

· Radio frame timing

The number of transmit antennas  for BCH and the CP length of the sub-frame containing BCH may also be indicated by the S-SCH, if necessary. 
Finally, full cell ID is detected by the DL-RS [1] in the third step. 
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 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. 
Table 1 shows the information acquired by the S-SCH and the DL-RS during the initial cell search. Total number of indices provided by the S-SCH is 272 (including 34 group IDs). The number of pseudo random sequence indices identified by the DL-RS is 5. The orthogonal sequence index is detected by the DL-RS.
Table 1 : Information acquired by S-SCH and DL-RS in the initial cell search
	
	Number of indices
	Total number of indices

	Information acquired by S-SCH
	Group ID (part of cell ID)
	34
	34x2x2x2 = 272

	
	Radio frame timing
	2
	

	
	Number of transmit antennas for BCH (FFS)
	2
	

	
	CP length of sub-frame containing BCH (FFS)
	2
	

	Information acquired by DL-RS
	Pseudo random sequence index (part of cell ID)
	5
	5x3 = 15

	
	Orthogonal sequence index (part of cell ID)
	3
	


3. S-SCH sequence
As described in Section two, 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. 
The ZC sequence index detection method [3] without correlating over multiple candidate sequences is applicable. To detect the index of the complex exponential wave, the coherent index detection could be applied using the channel estimation results of the P-SCH symbol [4]. Since both sequence 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 not so fast.
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Figure 1 : Example of S-SCH index detection flow

Two different ways of mapping the S-SCH sequence to the S-SCH sub-carriers are considered.  The first case (Case1) maps the sequence to every sub-carrier of the S-SCH, and the second case (Case2) maps a shorter sequence to every third sub-carrier, with different sub-carrier offsets used on adjacent Node Bs [5] to reduce interference. 
Table 2 shows the combinations of number of ZC indices and complex exponential wave indices for Case1. The upper limit on the number of indices provided by each sequence is 72 because the number of sub-carriers of S-SCH is 72. Total number of indices provided by the S-SCH is 272.
Table 2 : Combinations of number of ZC indices and complex exponential wave indices for Case1
	
	Number of indices by the occupied sub-carrier position
	Number of ZC indices
	Number of  Complex exponential wave indices

	Case1-1
	1
	68
	4

	Case1-2
	1
	34
	8

	Case1-3
	1
	17
	16

	Case1-4
	1
	16
	17

	Case1-5
	1
	8
	34

	Case1-6
	1
	4
	68


Table 3 shows the combination of number of ZC indices and complex exponential wave indices for Case2. The upper limit on the number of indices provided by each sequence is 24 because it occupies every third sub-carrier. It is assumed that the occupied sub-carrier position provides part of group ID. Total number of indices provided by the S-SCH is more than 272 for Case-2.
Table 3 : Combinations of number of ZC indices and complex exponential wave indices for Case2
	
	Number of indices by the occupied sub-carrier position
	Number of ZC indices
	Number of  Complex exponential wave indices

	Case2-1
	3
	24
	4

	Case2-2
	3
	12
	8

	Case2-3
	3
	8
	12

	Case2-4
	3
	4
	24


4. Simulation 

In this section, the S-SCH index detection performances using index combinations of Table 2 and Table 3 are shown.

4.1. Simulation Parameters
Table 4 shows the simulation parameters. The P-SCH symbol is utilized for OFDM symbol timing detection, frequency offset estimation, and channel estimation. The cross-correlation method is used for OFDM symbol timing detection. In these simulations, it is assumed that the receiver knows the CP length (short CP is used) of SCH. The frequency offset between the Node-B and the UE is 5ppm. 
Table 4 : Simulation parameters
	Number of sub-carriers
	75

	Sub-carrier spacing
	15 kHz

	SCH bandwidth / SCH occupied bandwidth
	1.25 MHz / 1.125MHz

	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)

	SCH placement
	Alternative-2 (Figure 2 in [1])

	Number of averaged P-SCH symbol for timing detection
	2

	Number of averaged S-SCH symbol for index detection
	1

	P-SCH sequence
	ZC 

	Number of occupied sub-carriers of P-SCH
	38

	Prime number of ZC sequence of P-SCH
	41

	Index number of P-SCH
	1

	Number of occupied sub-carriers of S-SCH
	75(Case1), 25(Case2)

	Index number of S-SCH
	Randomly selected

	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

	Inter-cell-interference model 
	AWGN


4.2. Simulation results

Figure 2 and Figure 3 show the S-SCH index detection performance for Case1 and Case2, respectively. SINR denotes signal power of cell to noise and interference power ratio in the SCH occupied band. 
It may be observed from the figures that the S-SCH index detection performance for Case2 is slightly better than that of Case1. The is due to the fact that the SINR per occupied S-SCH sub-carrier for Case2 is larger than that of Case1 (the power of each occupied sub-carrier for Case2 is three times higher than that of Case1, while the interference is modeled as AWGN).
From simulation results, Case2-2, 2-3 and 2-4, and Case 1-6 and 1-5 appear suitable for the combination of the number of ZC sequence indices and the number of complex exponential wave indices. 
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Figure 2 : S-SCH index detection performance of Case1
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Figure 3 : S-SCH index detection performance of Case2
5. Conclusions

In this contribution, information acquired by S-SCH and DL-RS were shown for three step initial cell search approach and the S-SCH sequence design providing this information was also proposed. 
· A two layered S-SCH sequence design based on ZC sequence modulated by a complex exponential wave (DFT sequence) is recommended
· This S-SCH design can provide indices being larger than the number of sub-carriers of an S-SCH symbol
· Both sequence indices can be detected using IFFT without correlating over multiple candidate sequences 
· The IFFT function could be shared by both index detectors because the S-SCH index detection cycle is not so fast
· Case2-2, 2-3 or 2-4 in Table 3 and Case 1-6 or 1-5 in Table 2 are promising candidates for the combination of the number of ZC sequence indices and the number of complex exponential wave indices 
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Complex exponential wave index detection



The received S-SCH is divided by the detected ZC sequence 



Channel response compensation using the estimated channel responses by P-SCH



IFFT and peak detection
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(The estimated channel responses by P-SCH could be utilized)
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