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1 Introduction

Several documents have been proposed to design the downlink SCH structure as well as the cell search approaches for the E-UTRA [1-7]. But the multi-cell interference is little considered in these schemes. Since the detailed SCH structure has not been discussed yet, in this document, we propose a new sector-specific SCH structure arming at mitigating the multi-cell interference and reducing the SCH overhead during the initial cell search. 
2 SCH structure 
It is suggested by many companies that SCH should consists of the primary SCH (P-SCH) and the secondary SCH (S-SCH). P-SCH is common to all cells which gives more freedom to design a robust initial synchronization acquisition during the cell search stage. While, S-SCH is unique to all the cells because it carries cell-specific information such as cell ID. In the following section, we mainly focus on the design of S-SCH structure.
2.1 Sector orthogonality in S-SCH frequency structure
Several cell search schemes based on GCL have been described in the proposal [1-3]. The highlight is that it adopts a difference decoding method and DFT/IDFT to replace the large number of cross-correlation operation during the cell identification, so the computational complexity is significantly reduced. However, in those schemes, the interference between the adjacent cells /sectors is not considered. Note that the interference will seriously degrade the performance of cell search when the user is at the cell boundary [4].
To further improve the performance of cell identification in the presence of multi-cell interference, a new S-SCH sequence pattern is designed. Compared to the proposed pattern in [1-3], where the sectors share the same S-SCH sequence pattern in the same cell (see fig 1), the new S-SCH pattern allocates three orthogonal sub-carrier groups to the sectors (see fig 2). Different from the sector-based pattern proposed in [4], there is no time symmetric constraint in the proposed S-SCH structure. Hence the sub-carrier can be uniformly divided into three groups for the three sectors and all the sectors are frequency orthogonal in the frequency domain of S-SCH. In the figure 3, it can be seen that the new sector-specific S-SCH pattern presents desirable peaks in the presence of the multi-cell interference. Therefore, the cell identification capability at the cell boundary during the initial cell search is remarkably improved. 
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          Figure 1: the same S-SCH structure in frequency domain for the sectors
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Figure 2: the sector-specific S-SCH structure in frequency domain for the sectors
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(a) S-SCH with same structure among sectors    (b) S-SCH with FDM structure among sectors  Figure 3: GCL index detection with 3 cells (same received power, the GCL length is 37)
2.2 S-SCH Sequence detection 

In the receiver, the sequence is firstly differential decoded in the three sector groups:
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where s indicates the index of the three neighbor sectors and 
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 is the cell ID of the sth sector.
The proposed S-SCH sequence can be detected by either sector-joint detection or sector-independent detection. In the sector-joint detection, the outputs of differential decoding for all sectors are summarized before IDFT/DFT processing 
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Then sequence index can be detected from the peak location in
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. It should be noted that the joint detection will still induce interference among the sectors. To further suppress this interference, comparison of the received power in the sectors can be made before the detection: if the received power of one sector is much lower than those of the other, the low-energy sector should be excluded. 
In the sector-independent detection, the sequence detection is performed separately in the three sectors. Though the complexity is nearly three times comparing to that of the sector-joint detection, the sector interference can be easily eliminated. Meanwhile, the sector index can be obtained in the sector-independent detection, which is not possible for the sector-joint detection.
2.3 Increase the number of usable S-SCH Sequence 

Since the S-SCH transmission bandwidth is multiplexed by the three sectors, the maximum number of S-SCH sequence for each sector is only 25, which is too few to support a lager of number of cell ID. However, a long GCL sequence divided into multiple S-SCH is not feasible in our schemes because it costs too much overhead in S-SCH and suffers long time delay to detect cell. To solve this problem, we propose to group the cell IDs and employ concatenated GCL sequence to detect the cell ID. Two steps of cell ID detection are as following:
1) Cell Group index detection.
  We propose to use one or two synchronization symbols to carry Cell Group index information. If we suppose that several adjacent cells can be grouped together, the multi-cell interference mentioned above can be neglected during cell group detection. Under this assumption, the uniformed S-SCH structure (see fig 1) can still be adopted. Nevertheless, the sector-specific S-SCH structure (see fig 2) is still applicable whether the Cell Group index for the adjacent cell is same or not.
2) Cell index detection in the Cell Group
 The secondary cell index can be detected in another synchronization symbol. In this S-SCH symbol, we suggest to employ the sector-specific S-SCH structure (see fig 2) in the case of inter-cell interference. To further reduce the SCH overhead, this S-SCH sequence can be imbedded into the CPICH, since the structure of the S-SCH is sector-specific which may be the same with that of the CPICH.     
3 Radio frame structure

In order to satisfy the basic requirements in the cell search procedure, we suggest radio frame structure providing the following features:
1). SCH occupies the center frequency of overall transmission band with constant 1.25MHz bandwidth to support the scalable system bandwidth. 

2). SCH will repeat several times in every radio frame (10ms) to facility inter-RAT measurement and average the synchronization acquisition as well

3). P-SCH is mapped in the last OFDM symbol of SCH to support the application of different CP length.
4). S-SCH is mapped in the first OFDM symbol of SCH. Since it only occupies the center part of overall transmission band, the remaining frequency sub-carrier can be inserted by common downlink pilot for the case of channel estimation or other control signal transmission.
Two examples of the proposed S-SCH structure in SCH are illustrated in the following two options.   
Option 1:
      In this option, a single GCL sequence with length of 73 carrying the information of Cell Group is divided into two synchronization symbols in every radio frame. In these two S-SCH symbols, all the three sectors share the same frequency resources as illustrated in figure 1. In the third S-SCH symbol, another single GCL sequence with the sector-specific structure is transmitted for the secondary cell index detection.
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Option 2:
      The only difference between Option 1 and Option 2 is that the first two S-SCH symbols for cell group detection in Option 2 are sector orthogonal in the frequency domain. Therefore, the length of the GCL in the first two S-SCH symbols reduces to 47.
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4 Simulation results
    Cell ID detection performance are both evaluated and compared with the scheme proposed in [3]. The basic simulation parameters are specified by the Table 1. The detection probability in the scenarios of inside and boundary of the cells are plotted in the figure 4 and figure 5 respectively. Meanwhile, the implementation complexity and overhead costs are also compared in the Table 2.
Table 1: The basic simulation parameters
	Bandwidth 
	1.25MHz

	FFT size
	128

	Data sub-carriers
	76

	Channel
	AWGN, TU6-30km/hr

	Cell number
	3

	        The number of S-SCH
	3

	       Number of TX/RX antenna
	1/1

	       Synchronization error
	0
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Fig 4 ：The cell detection probability in the inside of cell (where the signal power received from the two interference cell is faded by 10dB)
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Fig 5：The cell detection probability in the boundary of cell (where the signal power received from two adjacent cells are same)
Table 2: the complexity comparison between the proposed scheme and the scheme in [3]
	
	Prim number of GCL sequence
	Complexity implementation of  IDFT/DFT  
	Number of S-SCH required 
	Maximum number of cell ID

	
	
	Complex multiple (
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	Scheme
[3]
	191
	36481
	36290
	3
	128

	
	263
	69169
	68906
	4
	256

	
	563
	316969
	316406
	8
	512

	Proposed scheme
	Concatenation
	Sector-joint 
	Sector-indep
	Sector-joint
	Sector-indep
	3
	1024

	
	47×23
	2738
	8214
	2668
	8004
	
	

	
	73×23
	5858
	17574
	5762
	17286
	3
	1024


5 Conclusions

In this document, we proposed a new sector-specific S-SCH structure to mitigate the inter-cell interference and save the SCH overhead during the initial cell search. Based on this S-SCH structure, the concatenated S-SCH sequence is also designed to support a large number of Cell ID. In the simulation results, the proposed schemes outperform the scheme in [3] in the presence of inter-cell interference; however, in the inside of cell, the former is inferior to the latter. Considering that the low-complexity, low-overhead and flexible cell ID assignation are all provided in the proposed schemes, the performance loss in the intra-cell is deserved. 
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-------------------------------------------------- Text Proposal--------------------------------------------------

1.1.1.1 7.1.2.4.3 Structure in frequency
Given that whole mobility scenarios are not fully defined yet, the following assumptions are taken for evaluation during the SI phase:
· ……
· Regardless of the total transmission bandwidth capability of a Node B, a UE should be able to determine the cell ID using only the central portion of the bandwidth (i.e., the part of the bandwidth containing the SCH) in order to achieve very fast cell search.
--- Begin Text Proposal ---

· When design the SCH structure in frequency, multi-cell interference should be considered.
--- End Text Proposal ---

Note that Figs. 7.1.2.4.3-1 and 7.1.2.4.3-2 are for illustration purposes only and the details of the SCH and BCH structure should be studied during SI.
……
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