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1. Introduction
We proposed a cell search, i.e., initial acquisition, method that supports multiple transmission bandwidths for the E-UTRA downlink [1]. Following proposals from other companies [2]-[5], we submitted a joint text proposal on the principle of the synchronization channel structure and cell search method for multiple transmission bandwidths [6]. This paper proposes a downlink synchronization channel (SCH) transmission and cell search method for MIMO transmission in the E-UTRA downlink. 

2. Basic Views on Cell Search for MIMO Transmission
The proposed basic SCH structure and cell search method are given in [7]. In the proposed method, cell search is achieved by the combination of the SCH and common pilot channel. The common pilot channel should be used to achieve fast cell search, since it is transmitted frequently at each sub-frame at a high transmission power. The essence of the proposed cell search method is given hereafter. The same cell search process is also used for MIMO transmission, in which Node B has multiple transmission antennas with the maximum of four. 

(1) STEP 1
OFDM symbol timing (FFT window timing) and sub-frame timing are detected by correlation detection employing the SCH in the time domain.

(2) STEP 2

The group index of cell IDs (cell-specific scrambling codes), radio frame timing, cell configuration, antenna configuration of a cell, and the BCH bandwidth, etc., are detected using correlation detection of the SCH in the frequency domain.

(3) STEP 3
The cell ID (cell-specific scrambling code) of the target cell belonging to the group detected in STEP 2 is detected using the correlation detection of the common pilot channel in the frequency domain.

3. SCH and Pilot Channel Transmissions

We propose the following transmission methods for the SCH and common pilot channel in a MIMO Node B.

· SCH

The SCH is the first physical channel for a UE to acquire. Thus, the SCH must be received without a priori knowledge of the number of transmitter antennas of the cell. Thus, TSTD (time space transmit diversity) or delay diversity including CDD (cyclic delay diversity) can be applied to the SCH. Among these, we prefer delay diversity from the viewpoint of avoiding an imbalance in the transmission power over multiple antennas. Thus, we propose the following:

· The SCH is transmitted from all antennas

· The SCH employs delay diversity (CDD)

· Common Pilot Channel

We propose employing common pilot channel transmission from two antennas for MIMO transmission regardless of the number of antennas implemented.  The main reason for this is the restriction of the number of orthogonal pilot channels. As we presented in [8], we prefer to employ the FDM-based orthogonal pilot channel for MIMO transmission because the required accuracy of the orthogonality is very strict. In this case, if we generate four orthogonal pilot channels assuming every other pilot symbol mapping, the sub-carrier spacing of one orthogonal pilot channel becomes approximately 120 kHz. The fading correlation between sub-carriers separated by 120 kHz is approximately 0.5 when the r.m.s. delay spread value is low such as 1.3 sec. Therefore, we transmit the common pilot channel from two antennas in the MIMO transmission. Figure 1 illustrates the proposed transmission methods of the SCH and common pilot channel for MIMO transmission.
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Figure 1 –  Proposed SCH and pilot channel transmission for MIMO transmission 

4. Transmission of Information regarding Antenna Configuration at Node B

We propose notification of the antenna configuration using the SCH modulation pattern [9]. The UE is notified of whether the target Node B has a single antenna or multiple antennas using the SCH　information along with other information such as the group index of the cell IDs (cell-specific scrambling codes), radio frame timing, cell configuration, and BCH bandwidth as shown in Fig. 2. 
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Figure 2 – Transmission of information regarding antenna configuration at Node B

In this example, the number of candidate SCH codes is 16. Therefore, the total combination of SCH codes is 16 x 16 = 256. These 256 combination codes are used to identify the following: (16 cell ID groups) x (2 frame timing) x (2 cell configuration) x (2 MIMO antenna configuration) x (2 BCH bandwidth). The MIMO antenna configuration indicates whether the cell site uses a single antenna or multiple antennas. Note that this information is essential in decoding the broadcast channel. Details regarding the number of antennas can be identified by using the broadcast channel.
5. Conclusion

This paper proposed the downlink SCH transmission and cell search method for MIMO transmission in the E-UTRA downlink.

· The SCH is transmitted from all transmit antennas using delay diversity including cyclic delay diversity (CDD). Meanwhile, the common pilot channel is transmitted from two antennas at maximum

· UE should be notified of the MIMO antenna configuration using the SCH
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