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1. Introduction

Various proposals have recently been presented on the topic of E-UTRA initial cell search. In this contribution, we summarize our proposal for E-UTRA initial cell search in accordance with our past contributions [1]

 REF _Ref142728008 \n \h 
[2]

 REF _Ref142728363 \n \h 
[3], and simulation results are also presented.
Our proposed SCH structure is the hierarchical structure but it can be applied to both/either auto-correlation timing detection method and/or cross-correlation timing detection method. Additionally, the structure has multiple P-SCHs which make it possible to identify the sector index.
The proposed SCH structure is described in section 2, and then simulation results are showed in section 3.
We denote a cell in the same eNodeB as a sector in this contribution.
2. SCH Structure

2.1. SCH multiplexing in frequency domain
In this section, SCH structure proposed in [2] is described (Figure 1). The SCH is multiplexed on every other sub-carrier in the frequency domain, and alternate sub-carriers are left as null sub-carriers. The SCH has a hierarchical structure, in which the P-SCH and the S-SCH are multiplexed by FDM within the same OFDM symbol duration. In this multiplexing scheme, periodic waveforms appear within an OFDM symbol duration. Assuming such a SCH structure, SCH symbol timing can be detected by both/either of the auto-correlation of periodic waveforms of the SCH and/or taking the correlation between the received signal and the P-SCH replica in the time domain. The hybrid timing detection scheme which is combined auto-correlation detection method with cross-correlation detection method alleviates the undesirable effects of the frequency offset. Thereby, although its complexity is similar as the auto-correlation-based detection scheme, it achieves even better performance than the cross-correlation detection scheme.
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Figure 1 Multiplexing of P-SCH and S-SCH
2.2. Multiple primary SCH
In [3], we proposed sector allocated SCH structure, which consists of CDM-based orthogonal primary-SCH and secondary-SCH. Figure 2 shows the proposed orthogonal SCH employing CDM between sectors (cells in the same eNodeB). For the CDM, a phase rotation of 0, 2/3, and 4/3 is applied to all P-SCH sub-carriers corresponding to sectors #1, #2, and #3, respectively. A UE can determine the sector index using this structure at a very early stage of cell search using the orthogonality of multiple P-SCHs.
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Figure 2 CDM-based orthogonal SCH structure
2.3. To increase the number of cell IDs
The number of Cell IDs depends on the number of S-SCH sub-carriers. The proposed SCH structure has 18 S-SCH sub-carriers which is very small to express full number of cell IDs just by simple code sequence. To solve this problem, the SCH sequence design is proposed to increase the number of cell IDs without additional physical channel.
(1) Multiple SCH code sequences
Multiple SCH codes are mapped onto S-SCH sub-carriers alternatively in frequency domain as shown in Figure 3. In this case, two Hadamard code are used to indicate 64 cell IDs for SCH code. 
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Figure 3 SCH structure using two Hadamard code sequences
(2) Single SCH code sequence with cell mask
The cell mask combined with the cell code sequence as proposed in [1] can generate a larger number of cell IDs. We apply the cell mask index dg onto 15 S-SCH sub-carriers and design the cell code sequence for 11 S-SCH sub-carriers. It is preferred that the hamming distances between cell mask sequences are made as large as possible, so we choose an m-sequence and all its cyclic shift copies to construct dg (g is cell mask index). In this case, totally 15 cell masks are available. To identify the corresponding cell mask indices, sub-carrier power detection of S-SCH is implemented. Therefore it is preferable for the S-SCH sub-carriers to have constant amplitudes.
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Figure 4 SCH Structure masked by specific index (e.g. dg=d1)
The SCH code sequence (eNodeB specific information) is mapped onto the differential phase between unmasked S-SCH sub-carriers and adjoining P-SCH sub-carriers. In this stage, coherent detection of S-SCH is performed using P-SCH as its reference. In the proposed method, the differential Generalized Chirp Like (GCL) sequence is used, but other codes can also be used (e.g. Walsh-Hadamard code, CAZAC sequence, etc.). With 15 cell mask indices and 10 SCH code sequences, we’ve got 150 cell IDs.
3. Proposed Cell Search Procedure
In this section, we will show proposed initial cell search procedure.

For the 1st step of initial cell search, the hybrid method [2] is performed. The hybrid method employs a combination of the auto-correlation method and the cross-correlation method.
The symbol timing detection is performed in two steps: (1) coarse timing estimation using auto-correlation and (2) fine timing estimation using cross-correlation. The cross-correlation step is performed after the frequency offset is estimated and compensated.

Because of the limited search window size the computational complexity of this method is almost similar to the complexity of the auto-correlation-only method.
For the 2nd step of initial cell search, cell specific mask index detection and SCH code sequence detection are performed (if necessary). Performing power detection of received signal on sub-carriers and calculating cross-correlation values with all possible mask sequences, the cell specific mask index is identified through peak detection of those values. Considering a successful cell specific mask has been achieved, active sub-carriers can be deduced. Employing coherent demodulation between active S-SCH sub-carriers and neighboring P-SCH sub-carriers as its reference, the differential phase information is estimated. Then the cross-correlation between the estimated differential phase information and all possible SCH code sequences are calculated. Finally the cell ID can be estimated from peak detection. Additionally the sector index identification can be performed using the orthogonality of multiple P-SCHs.
In summary, initial cell search is performed by the following 2 steps:

(1) STEP 1
· Auto-correlation detection in time domain
· coarse timing estimation

· frequency offset estimation and compensation
· Cross-correlation detection of the P-SCH in time domain

· fine timing detection during limited search window

(2) STEP 2
· Mask index detection (if necessary)
· cross-correlation detection of the S-SCH
· SCH code sequence detection in frequency domain simultaneously
· coherent detection of S-SCH using P-SCH as its reference
· Sector index detection

· using the orthogonality of multiple P-SCHs
Figure 5 also shows them in flow diagram. In this proposal, the 3rd step of initial cell search is not fundamental using other physical channel if SCH has sufficient capacity to deliver the cell specific information. Therefore UE can receive BCH at the next step immediately.
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Figure 5 Flow of proposed initial cell search method

4. Simulation conditions and results

We evaluated cell search performance to investigate the effect of introducing hybrid timing detection method, sector allocated orthogonal P-SCH and cell mask index. This section describes the results of the total cell search simulations.
4.1. SCH structures for comparison

We assume four types of SCH structures for comparison in the simulation.

Two SCH symbols with 1.25 MHz transmission bandwidth is multiplexed to the last OFDM symbol at the 10th and 20th sub-frame in one frame. The SCH has a hierarchical structure and the P-SCH and the S-SCH are multiplexed by FDM.
We define successful detection if the SCH code of the target cell which has the average received signal power within 3 dB from the best cell was detected correctly.
(1) Structure 1 (Proposed structure and procedure)

This structure has 37 occupied sub-carriers consist of 19 P-SCH sub-carriers and 18 S-SCH sub-carriers. The SCH is multiplexed on every other sub-carrier, and the P-SCH and the S-SCH are located alternatively in frequency domain. The length of the SCH sequence is 18.
Three types of SCH sequence are evaluated as described below:

· Simple differential GCL sequence
· Two Walsh-Hadamard code sequences
· Cell mask index and simple differential GCL sequence
The coarse symbol timing detection is performed by taking auto-correlation of periodic waveforms of the SCH in time domain. Then, the cross-correlation detection is performed for fine symbol timing detection during limited search window.
A sector-specific P-SCH is generated by adding phase rotation. For the CDM, a phase rotation of 0, 2/3, and 4/3 is applied to every adjacent P-SCH sub-carrier for sectors #1, #2, and #3, respectively.
In the 2nd step of initial cell search, cross-correlation detection of the S-SCH is performed using all possible codes weighted by the amplitude of received P-SCH signal and coherent detection of the S-SCH is performed with the P-SCH as its reference in the frequency domain.
(2) Structure 2
In this structure, all assumptions are aligned to the structure 1, except that a cell common P-SCH is employed instead of a sector allocated P-SCH. GCL sequences are used for SCH code sequence.
(3) Structure 3
This is prepared for the reference model. This structure has 75 occupied sub-carriers consist of 37 P-SCH sub-carriers and 38 S-SCH sub-carriers. The P-SCH and the S-SCH are located alternatively in frequency domain. The length of the SCH sequence is 37. GCL sequences are used for SCH code sequence.

The symbol timing detection is performed by only cross-correlation detection.
In the 2nd step of initial cell search, coherent detection of the S-SCH is performed with the P-SCH as its reference in the frequency domain. Then, inverse discrete Fourier transform (IDFT) is performed to detect cell specific GCL sequence.

Table 1 SCH structure parameters
	Parameter
	Structure 1
	Structure 2
	Structure 3

	Number of occupied sub-carriers
	37
(38 null sub-carriers)
	37
(38 null sub-carriers)
	75

	Number of P-SCH sub-carriers
	19
	19
	37

	Number of S-SCH sub-carriers
	18
	18
	38

	Number of P-SCH sequences
	3 (sector allocated)
	1
	1

	Length of SCH sequence
	18
	18
	37

	SCH sequence
	GCL
	Hadamard
	mask + 
GCL
	GCL
	GCL

	Number of cell IDs
	18*3
	8*8*3
	150*3
	18
	36

	Timing detection method
	auto-correlation +

cross-correlation
	auto-correlation +

cross-correlation
	cross-correlation


4.2. Simulation conditions

Table 2 shows the common simulation parameters for each simulation cases. The SCH band width is assumed as 1.25MHz and carrier frequency is assumed to be 2GHz. The total transmission power of the SCH symbol is the same for each structure.
Based on the agreed simulation assumption in [5], we employed multi-cell model to evaluate the cell search performance.
Table 2 Common simulation parameters
	Parameter
	Assumption

	Multicell model
	7 cell sites, 3 cells per site

	Inter-site distance
	1732 m

	SCH bandwidth
	1.25 MHz

	Carrier frequency
	2 GHz

	Sub-carrier spacing
	15 kHz

	Number of sub-carriers
	75

	CP
	10

	Channel models
	Typical Urban 6 rays (3km/h)

	eNodeB transmission power
	43 dBm

	eNodeB antenna pattern and gain
	70-degree sectored beam, 14 dBi

	Distance dependent path loss
	128.1 + 37.6 log10(r)

	Shadowing correlation
	8 dB

	Shadowing correlation
	0.5 (inter-site) / 1.0 (intra-site)

	Penetration loss
	20 dB

	Number of Tx / Rx antennas
	1 / 2

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Thermal noise density
	-174 dBm/Hz

	Frequency offset
	None

	Timing offset
	uniformly distributes in one frame

	Averaging period for coarse timing detection
	1 frame

	Averaging period for SCH code detection
(including fine timing detection)
	1 frame

	Fine timing observation window
	14

	Network synchronization
	synchronous


4.3. Simulation Results
Figure 6 shows the cell search time performance using 19 cell model. In this simulation, UE is randomly located in every trial. We define successful cell search if the cell ID of the target cell was detected correctly. In the figure, the performance of the structure 1 using GCL code sequence is good as well as the structure 2 and 3. Meanwhile the structure 1 with two Hadamard code sequences and the structure 1 with cell mask index can keep a good performance against increasing cell IDs. The performance degradation of the structure 1 with two Hadamard code and the structure 1 with cell mask index are about 9%. According to the essential number of cell ID, we can choose SCH code design without any overhead and finish the cell search without any other physical channel. If more advanced channel estimation method using P-SCH as its reference is performed, the cell search performances get better. The channel estimation method with a low impact on the complexity is for further study.
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Figure 6 Cell search performance comparison
Note: This proposal is based on the work with Dept. of Electronic Engineering, Shanghai Jiaotong University.
5. Conclusions

In this document, the cell search time performances were evaluated with the four types of SCH structures. The proposed SCH structure can be applied low computational complexity timing detection method and identified a suitable sector without other physical channel. The simulation results showed that the hybrid timing detection method and introducing multiple P-SCH have a good cell search performance and lower the UE complexity. Moreover, the cell mask index can carry a large number of the cell IDs without large performance degradation. In conclusion, we prefer employing the hybrid detection method for the 1st step of initial cell search and introducing the multiple P-SCH structure for the identification of the sector.
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Appendix A

The parameters of the mask index: dg = {dg(1) dg(2) dg(3)…dg(18)}
The parameters from dg(1) to dg(15) are generated by the m-sequence.

dg(16), dg(17) and dg(18) are fixed at ”1”.
Table 3 the example of cell mask index dg
	g
	dg

	1
	000100110101111111

	2
	001001101011110111

	3
	010011010111100111

	4
	100110101111000111

	5
	001101011110001111

	6
	011010111100010111

	7
	110101111000100111

	8
	101011110001001111

	9
	010111100010011111

	10
	101111000100110111

	11
	011110001001101111

	12
	111100010011010111

	13
	111000100110101111

	14
	110001001101011111

	15
	100010011010111111
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