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1 Introduction

The main purpose of the cell search procedure is to acquire downlink timing synchronization and cell-specific information [1]

 REF _Ref144007210 \r \h 
[2]. Downlink synchronization channel (SCH) structures in the frequency domain are discussed for the support of intra-frequency measurement in different bandwidth systems [3].  In this contribution, SCH structures and cell search procedures are discussed. We describe a hierarchical SCH structure which consists of the primary SCH (P-SCH) and the secondary SCH (S-SCH). P-SCH is common to all eNode-Bs and used to acquire slot/frame synchronization. The cell group ID is obtained from S-SCH after the slot/frame synchronization.
2 SCH structure
We describe a hierarchical SCH structure with P-SCH and S-SCH. The P-SCH structures are shown in Fig. 1. P-SCH is used for the slot/frame synchronization and composed of several code symbols 
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s. Code symbols are different each other so that the location of each code symbol is unique within a frame. Synchronization slot is defined as the period between two adjacent primary code symbols while slot is a basic TTI unit.
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Fig. 1
We consider two P-SCH structures in Fig. 1. P-SCH can be represented as a codeword
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, respectively. The P-SCH codeword is common to all eNode-Bs and the code symbols, 
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s, are different each other. It is clear that the minimum hamming distance between the codeword
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 and its cyclic-shifted versions is the codeword length (i.e., 2 or 4 in our case). So the slot and frame boundaries can be obtained by the detection of any one code symbol. The minimum observation periods for the slot/frame synchronization are 
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in Fig. 1(a) and (b) respectively, though slot-by-slot combining may be necessary for the robust synchronization in fading channels. For the simple implementation at the receiver, we assume that each P-SCH code symbol has the two identical halves in the time domain in Fig. 2 so that the symbol/slot timing detection is possible with simple differential correlation. 
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Fig. 2
S-SCH contains the cell-specific information (e.g., cell group ID) and can be transmitted by TDM as in Fig. 3.  The cell-specific information is packed into one S-SCH code symbol and the same code symbols are transmitted several times. In this scenario, the cell search time can be reduced by adjusting the number of synchronization symbol combining according to the channel quality. 
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Fig. 3
3 Cell search procedure
Considering the SCH structure given in the previous section, we discuss the cell search procedure.
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Fig. 4
Fig. 4 shows a three-step cell search procedure using the SCH structure described in section 2. For the simple implementation at the receiver, we assume that each P-SCH code symbol has the two identical halves in the time domain so that the symbol/slot timing detection is possible with simple differential correlation.
.
· 1st step
· Detection of the symbol and slot timing and the fractional frequency offset estimation are made by the differential-correlation of two identical halves of P-SCH in the time domain.
· 2nd step

· Once the slot boundaries are known, 
[image: image14.wmf]N

possible P-SCH code words are correlated with the received codeword. The codeword with the maximum correlation value is chosen and the frame boundary is determined.
· 3rd step

· S-SCH is demodulated and the cell-specific information (e.g., cell group ID) is obtained.
The reference signals might be used to determine the cell ID if the group in the 3rd step includes more than one cell.
4 Features of the cell search algorithm
The cell search algorithm in this contribution has the following advantages over other schemes.
· Slot-by-slot decoding of S-SCH is not necessary, because the frame timing is achieved by P-SCH.

· The design of S-SCH is more flexible.
· S-SCH does not need to be a comma-free code.

· S-SCH can be located anywhere in a radio frame.
· Inter-RAT is easily supported.
· Measurement from GSM to LTE is possible in a GSM frame duration (
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) when the minimum observation period is 2.5ms for the slot/frame synchronization in Fig. 1(b), while two frame duration (9.2ms) is necessary for 5ms observation period in Fig. 1(a).
5 Conclusion

In this contribution, we proposed the SCH structure and the cell search procedure. The proposed SCH structure consists of the primary SCH (P-SCH) and the secondary SCH (S-SCH). The common P-SCH is used for slot/frame synchronization and S-SCH is used for the cell group ID detection. The proposed cell search procedure operates in three steps. The cell search time can be reduced by adjusting the number of synchronization symbol combining according to the channel quality.
We propose to agree on the proposed cell search procedure and SCH structure and capture it into the relevant TR/TS for LTE.
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