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1. Introduction
The basic cell search procedure and the synchronization channel (SCH) structure are described in [1]. As the basic SCH structure, we showed that the hierarchical SCH reduces the cell search time compared to non-hierarchical SCH especially under low signal-to-interference plus noise power (SINR) condition [2]. This paper proposes a proposed three-step initial cell search procedure along with control information conveyed by the hierarchical SCH for the E-UTRA downlink.
(Note) In this contribution, we denote a cell in the same Node B as a sector. 
2. Control Information Detected During Cell Search
According to [1], in our view, the UE must acquire the following cell-specific information during initial cell search (in this paper, reception of the primary broadcast channel (BCH) is not included).
· SCH symbol timing

· Carrier frequency

· Radio frame timing
· Cell ID (index of Node B-specific scrambling code)
· Sector ID (index of sector-specific orthogonal sequence of orthogonal reference signal)
· MIMO antenna configuration (number of transmitter antennas) used for primary BCH transmission
· The cyclic prefix (CP) length information regarding the sub-frame in which the primary BCH is transmitted
These control signalling are necessary to decode the following primary BCH information. After the initial cell search, by decoding the primary BCH, concrete cell-specific information such as the overall transmission bandwidth of a cell is informed to a UE by primary BCH information.
2.1. SCH symbol timing and Carrier frequency
The SCH symbol timing and carrier frequency are detected simultaneously using the primary-SCH (P-SCH), which is common to all cells.
2.2. Radio frame timing
We have elucidated in [3] that the optimum number of SCH symbols including both the P-SCH and secondary SCH (S-SCH) within a 10-msec radio frame is one or two from the cell search time performance. When two SCH symbols are transmitted every 10-msec radio frame, radio frame timing detection is necessary using the modulated sequence of S-SCH. In the case, the required number of bits for radio frame timing information is one. Meanwhile, when only one SCH symbol is transmitted per radio frame, the SCH symbol timing directly indicates the radio frame boundary.

2.3. Cell ID and Sector ID
In E-UTRA, the downlink reference signal is modulated by a Node-B specific scrambling code and sector (cells within the same Node B)-specific orthogonal sequence to achieve CDM-based orthogonal reference signal [1]. Therefore, before the primary BCH is received, the cell ID corresponding to the index of the Node-B specific scrambling code and sector ID corresponding to the index of the sector-specific orthogonal sequence should be detected. To enable flexible Node B-specific scrambling code assignment for operators, many cell IDs such as 512 in W-CDMA are necessary. Furthermore, considering the current cell deployments, six sector IDs are required. If we assume a deployment of 512-cell IDs and 6-sector IDs, the total number of cell IDs becomes 3072. Although it may be possible to reduce the number of cell IDs to some extent since we can distinguish the reference signal of the cells within same Node B (sector) using a sector-specific orthogonal sequence, the total number of IDs should be more than 512 for flexible system deployment.
From [4] – [9], the numbers of S-SCH sequences considered are within the range from 128 to 1024. Therefore, it is difficult to indicate all cell ID and sector ID using the S-SCH sequence. 
Therefore, the grouping of cell IDs should be used like W-CDMA. The S-SCH sequence indicates the cell ID group among, e.g., 16 groups. After detecting the cell ID group through S-SCH sequence detection, the cell IDs belonging to the detected group, e.g., 32 cell IDs, are searched using the downlink sector-specific common reference signal. We assume that sector-specific common reference signal is transmitted at least within the sub-frame in which primary BCH is mapped at a high transmission power. 

Comparing cell ID detection (detection of a Node-B specific scrambling code sequence) and sector ID detection (detection of a sector-specific orthogonal sequence) based on correlation detection between a reference signal and sequence candidate, the sector ID can be detected more accurately than the cell ID since the sector-specific orthogonal sequence representing the sector IDs are orthogonal to each other. Therefore, we prefer to use the reference signal for sector ID detection with priority rather than other control information.
2.4. MIMO antenna configuration (number of transmitter antennas) used for primary BCH transmission
In the case that the Node B has multiple transmitter antennas, it is beneficial to apply transmit diversity to the primary BCH. If transmit diversity is applied, the information on the transmit diversity mode should be detected before the primary BCH reception. 

· When two-branch transmit diversity is mandatory applied to primary BCH information regardless of the number of transmission antennas, the information bit is not necessary

· When primary BCH transmission with different number of transmission antennas is applied, the information bit indicating the number of transmission antennas is necessary.

One way to convey this control information is to use the modulated sequence of S-SCH. Alternatively we can detect this information by detecting the correlation of the reference signal assuming FDM-based orthogonal reference signal mapping for MIMO antennas.

2.5. CP length information regarding the sub-frame in which primary BCH are transmitted
The CP length used at each sub-frame can be changed depending mainly on the data type, Unicast or MBMS.  There are two options to assign different CP length to the sub-frame in which primary BCH is multiplexed.

· Set restriction such that the short CP length is mandatory assigned to sub-frame in which the primary BCH is multiplexed. In the case, MBMS channel is not multiplexed within the same sub-frame in which the primary BCH is multiplexed.

· Allow both short and long CP assignment to the sub-frame, in which primary BCH is multiplexed.

In the latter case, the CP length of the sub-frame in which primary BCH is multiplexed must be identified before primary BCH detection. We propose to transmit one-bit information using modulated sequence of S-SCH for enabling simple and accurate detection. Alternative method is to use blind detection [1].

3. Proposed Cell Search Procedure (Initial Cell Search)
Based on Section 2, Figure 1 shows the proposed cell search method. The operation of each step is given below.

(1) STEP 1
· Correlation detection of the P-SCH in the time domain
· Detection of SCH symbol timing (this also indicates the FFT timing of the OFDM symbol)
· Carrier frequency is simultaneously detected
· We prefer SCH-replica based correlation detection employing the P-SCH.

(2) STEP 2

· Correlation detection of the S-SCH in the frequency domain.

· Detection of the group index of cell IDs (cell-specific scrambling codes), radio frame timing, the MIMO antenna configuration for the primary BCH, and CP length of the sub-frames to which the primary BCH is mapped.
(3) STEP 3
· Correlation detection of the common reference signal in the frequency domain. Correlation detection between the received signal after FFT and the common reference signal replica.

· Detection of the cell ID (cell-specific scrambling code) belonging to the group detected in STEP 2 and identification of the sector index.
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Figure 1 – Flow of proposed initial cell search method

4. Conclusion
This paper proposed a three-step initial cell search procedure along with the control information conveyed using the hierarchical SCH for the E-UTRA downlink.
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