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1 Introduction

There have been efforts on the synchronization procedure in evolved UTRA systems, namely, in [1],[2],[3],[4],[5],[6],[7],[8] . Unlike W-CDMA systems, FFT operation usually has to be performed during cell search. However, long period may be required to acquire the start timing of the FFT window for E-UTUA systems because each transmission bandwidth has short and long CP options. [1] proposed a method to unify CP lengths for different bandwidths when the CP length is short. However, uncertainty of long CP and short CP is still an obstacle for fast cell search. [2] also show this problem in cell search,. In this contribution, we show a solution to overcome this problem. Additionally, a cell search procedure based on this method is also proposed.

2 Method to Resolve the Uncertainty of CP

Fig.1 illustrates the sub-frame structure with different CP length. From Fig.1, we can find the last OFDM symbol of sub-frame has the same timing with sub-frame, which means the useful symbol can be obtained without considering length of CP if the sub-frame timing is achieved. 
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Fig.1. Sub-frame structure with different CP length


Compared to acquire the start timing of the FFT window for each symbol, sub-frame timing can be easily achieved, because the duration of sub-frame is a fixed value (0.5ms). For example, we can define a synchronization channel common for all cells as proposed in [2],[3] or define the sequence as proposed in [4]. 

Based on the discussion above, we recommend that the BS/cell specific sequences and the system information, such as the length of CP for sub-frame, should be mapped on the last symbol of sub-frame. In this way, the impacts by variation of CP length on cell search procedure can be avoided as described in detail in the next section.
3 Proposal for Cell Search Procedure 

Fig.2 indicates the proposed procedure of the cell search in the E-UTRA systems. Here we assume:

1. The cell-specific sequences and the system information are mapped on the last symbol of sub-frame(s).
2. Sub-frame timing sequences are transmitted once in every N sub-frames (the actual value of N is FFS). With this sequence, the sub-frame timing and the frequency offset among NodBs and UE can be acquired easily because of some properties, such as good autocorrelation, periodicity, symmetry and so on. The sub-frame timing sequences can be mapped on the any symbol of sub-frame(s) including the last one of the sub-frame(s).
3. The position of system information in a frame should be fixed. Further, mapping on the symbols close to pilots will enhance the demodulation performance in the case of high Doppler. (i.e. system information can be located in the first, second or last symbol of a sub-frame assuming pilots are located in the first/second symbol of it.)
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Fig.2. proposed cell search procedure

Sub-frame timing

The sub-frame timing can be acquired by performing autocorrelation by utilizing properties of sub-frame timing sequence. Additionally, the frequency offset among NodBs and UE can be detected during sub-frame timing. Methods of acquiring the sub-frame timing can be found in contributions [2],[3][4],[5],[6],[7].

.
Cell identification

Without considering the uncertainty of CP length, the useful symbol of the last symbol of each sub-frame can be obtained based on the sub-time timing. 

By matching the received cell specific sequences with the local reference sequence, the desired cell can be found.
OFDM symbol timing

After finding the desired cell, the system information can be demodulated because the pilot sequences of desired cell is known to UE. By combing the CP length of sub-frame and sub-frame timing, OFDM symbol timing can be acquired.
4 Conclusions

In this proposal, we show a simple method to resolve the uncertainty of CP length in cell search. Further, a cell search procedure based on this method is also proposed. A key benefit of the proposed method is that the impacts of variation in CP length on cell search procedure can be avoided, thus saving computational complexity and reducing the time of cell search. 
5 Text proposal

---------------------------------  Start of Text Proposal  -----------------------------------------------------

7.1.2.4 Cell search

The BS/cell specific sequences should be mapped on the last symbol of sub-frames.  The system information for should be put into positions close to pilots (First, Second or Last symbol of sub-frames)
---------------------------------  End of Text Proposal  -----------------------------------------------------
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