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1. Introduction

Various proposals have recently been presented on the topic of E-UTRA cell search, e.g. [1][2]

 REF _Ref142728363 \r \h 
[3][4]. However, a concern was subsequently raised [5] about the use of the channel and timing estimate obtained from a cell common P-SCH in a tightly synchronized network scenario which may be introduced for LTE, and [5] proposed multiple N-code P-SCH sequences as a solution. Particularly in the synchronous network, the multiple P-SCH scheme improves timing acquisition performance, but if N is not kept small enough the timing acquisition complexity is increased.
This contribution proposes a multiple P-SCH structure that improves the cell search performance without an excessive (unnecessary) complexity increase. In addition, we introduce a CDM-based orthogonal P-SCH structure for sectored beams to determine sector index at a very early stage of cell search and thus to improve SCH code detection performance at the sector edge.
2. Assumed SCH structure

2.1. Basic SCH structure
The basic SCH structure which we’ll use to describe our sector-allocated SCH proposal is shown in 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 and 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. In [6], we propose a hybrid timing detection scheme and show that the hybrid timing detection scheme has similar detection performance as a cross-correlation-based detection scheme but with similar complexity as an auto-correlation-based detection scheme. 
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Figure 1 Basic SCH structure
2.2. Proposed CDM-based orthogonal P-SCH structure for sectored beams
In this section, a CDM-based orthogonal Primary-SCH structure is proposed. This structure avoids SCH timing detection error caused by the interference from P-SCH signals of neighboring cells in a synchronous network.
Figure 2 shows a typical multi-cell model that employs hexagonal cell sites with 3 sectors per site. 
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Figure 2 Multi-cell model

Figure 3 shows the proposed CDM-based orthogonal P-SCH structure for sectored beams. 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.
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Figure 3 CDM-based orthogonal P-SCH structure
2.3. Proposed SCH code mapping scheme
The following is the SCH code mapping scheme which implements the proposed P-SCH scheme. The SCH code sequence is assigned as a phase difference between P-SCH and S-SCH, and the code detection is performed by using P-SCH as a reference signal (see figure 3). The P-SCHs are different between neighboring sectors within an eNode-B by use of different phase shifts between successive P-SCH sub-carriers, and the phase difference between the P-SCH and the S-SCH is same within a Node B. Therefore the UE can detect the SCH code sequences at sector edge. the phase difference between the P-SCH and the S-SCH is such that the S-SCH phase is identical in each sector within an eNode-B.
In our simulation, we used the differential GCL sequence, but other codes can also be used (e.g. Walsh-Hadamard code, CAZAC sequence, cell-mask method [7]).
To detect the SCH code sequence, coherent detection of the S-SCH is performed, with the P-SCH as a reference in frequency domain.
This proposed SCH structure has the following advantages:

· For the SCH timing acquisition, both replica-based detection and auto-correlation-based detection can be applied to this structure.
· Multiple P-SCH can avoid SCH timing detection error due to interference of P-SCH signals from neighboring cells in a synchronous network.
· A UE can determine the sector index at a very early stage of cell search using the orthogonality of multiple P-SCH’s within a Node B.

· SCH code detection performance does not degrade at sector edge.
· In addition, the SCH code detection performance is improved by cyclic delay diversity effect at sector edge.
3. Proposed Cell search method

The proposed sector search method based on the orthogonalized P-SCH scheme is shown in figure 4.

(Note that the scope of this proposal is only for the procedures in the steps shown as yellow blocks, and it does not limit any procedures for other steps. Furthermore, this document does not impact the contents of S-SCH, the other cell specific information. It can be seen that with this proposal, we don’t need to deliver a sector-ID explicitly as part of cell-specific information in the S-SCH.)
Below is the flow of how the sector search procedure is performed. The first step is the SCH timing acquisition and frequency offset detection (not within the scope of this document). The second step is sector index identification and also (partial) cell specific information (i.e. SCH code) detection, using the P-SCH as a reference in the frequency domain. For the sector index identification, the correlations detected by the previous steps and the orthogonality of multiple P-SCHs can be utilized. As the third step, the (total) cell specific information is detected from other channels (e.g. common pilot channel, S-SCH, BCH, etc.) as needed.
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Figure 4 Flow of proposed sector search method
4. Simulation conditions and results

We evaluated the SCH code detection performance to investigate the effect of introducing CDM-based orthogonal P-SCH. This section describes the results of the simulations.
4.1. SCH structures for comparison

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

(1) SCH multiplexed method for the proposed scheme (structure I in the simulation)

Figure 5 shows the proposed SCH structure and an example of its use in multiple cells. One SCH symbol with 1.25 MHz transmission bandwidth is multiplexed to the last OFDM symbol in one frame. The SCH is multiplexed on every other sub-carrier in the frequency domain. The SCH has a hierarchical structure and the P-SCH and the S-SCH are multiplexed by FDM. The length of the SCH sequence is 18. 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 this simulation, sectors #1 and #2 are assumed to belong to the target cell and sector #3 is assumed as an interfering sector of a neighbor-cell as shown in Fig. 5; the red point shows the UE location. We define successful detection if the SCH code of the target cell was detected correctly.
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Figure 5 SCH structure for the proposed scheme
(2) Cell-common P-SCH multiplexed method (structure II)

Figure 6 shows the reference SCH structure to be compared with the proposed scheme in the simulation. In this structure, all assumptions are aligned to the structure in Figure 5, except that a cell common P-SCH is employed instead of a sector allocated P-SCH.
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Figure 6 SCH structure for comparison
4.2. Simulation conditions

Table 1 shows the common simulation parameters for both simulation cases. SCH band width is assumed as 1.25MHz and carrier frequency is assumed to be 2GHz. The simulation focus is on the cell specific information detection error rate, and it was assumed that the SCH timing synchronization and frequency offset compensation is perfect and that the UE is located equal distance from sector #1 and #2 (i.e. on the sector edge).

Three sectors, in which two of them belong to the target cell and another belongs to an interfering cell, are simulated, and all three sectors are assumed to be synchronized with each other.

In the cell specific information identifying stage, coherent detection of S-SCH is performed using P-SCH as its reference. Then, after coherent detection, cell specific information is identified from the detected SCH sequence.

We have simulated two conditions to observe the behaviors of each SCH structure. In the first condition SNR is set to 0dB (i.e. the case that there is an interfering cell), and the second condition is for a clean channel (no interfering cell).
Table 1 Common simulation parameters
	Parameter
	Assumption

	SCH bandwidth
	1.25 MHz

	Carrier frequency
	2 GHz

	Sub-carrier spacing
	15 kHz

	Number of sub-carriers
	75

	CP
	9

	Channel models
	Typical Urban 3km/h

	Number of Tx / Rx antennas
	1 / 2

	Frequency offset
	None

	Averaging period for SCH code detection
	1

	Network synchronization
	synchronous

	Received timing difference,

(Tsector#1-Tsector#3)
	10


Table 2 SCH symbol parameters
	Parameter
	Assumption

	Number of occupied sub-carriers
	37

	Number of P-SCH sub-carriers
	19

	Number of S-SCH sub-carriers
	18

	Length of SCH sequence
	18

	SCH sequence in frequency domain
	Differential GCL sequence for phase difference between P-SCH and S-SCH

	Number of SCH symbols per frame
	1


4.3. Simulation Results
We observed the performance of the proposed SCH structure under conditions in which inter cell interference is present, and conditions in which it is absent. The results were evaluated by the SCH code detection error rate.

Figure 7 and Figure 8 show the performance comparison between the proposed SCH structure which has the sector specific P-SCH scheme, and the reference SCH structure with the cell common P-SCH scheme, under the SNR=0dB case and clean channel case respectively.
In these figures, the ordinate axis shows the detection error rate which is defined as a successful decode of the expected cell specific information. 
The results show that the proposed method has better performance under both conditions.

[image: image7.emf]1.E-04

1.E-03

1.E-02

1.E-01

1.E+00

-6 -5 -4 -3 -2 -1 0 1 2

SINR [dB]

SCH code DER

Structure I (proposed)

Structure II

 
Figure 7 SCH detection performance (Inter cell interference is present.)
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Figure 8 SCH detection performance (Inter cell interference is absent.)
5. Conclusions

In this document, we proposed a “sector allocated orthogonalized P-SCH scheme”. This scheme can improve cell search performance in the presence of degradation due to interference of cell common P-SCH from adjacent cells for synchronized networks with minimum added complexity. Additional benefits are, the proposed phase rotated P-SCH can improve performance by cyclic delay diversity effect at the sector edge; and we can identify the sector ID at an early stage of the cell search procedure without the need for explicit cell specific information.
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