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1. Introduction
In this contribution we propose a 3-step cell search procedure using reference signals and slightly modified long-CP sub-frame structure solving some problems which occur due to possibility of existence of both long-CP and short-CP sub-frames in the downlink radio frames during the initial cell search.
2. Cell search procedure
Figure 1 shows our preferable cell search procedure using reference signals. In the 1st step the UE synchronizes symbol timing and sub-frame timing using P-SCH (replica-based method). In the 2nd step cell ID group, radio frame timing and other information are detected using S-SCH [1]. In the 3rd step the UE identifies the cell ID by correlating the received reference signals with each of possible cell ID candidates which is narrowed down in the 2nd step.
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Figure 1 Cell search procedure.
We think that the reference symbols should be efficiently used in the cell search for the following reasons.

· The reference signals may appear every sub-frame while the SCH appear several times per 10ms radio frame. The initial cell search performance (e.g. the necessary time until the initial cell search completion) could be improved by exploiting the frequent appearance of the reference signals.

· The use of only SCH could not provide sufficient number of sequences for the cell IDs. The complementary use of reference symbols can make it possible to supply an adequate number of cell ID sequences.

However, as we discussed in [2], some problems occur due to the possibility of existence of both long-CP and short-CP sub-frames in the downlink radio frames involved during the initial cell search. To solve the problems we proposed a slightly modified long-CP sub-frame structure. Figure 2 shows our proposed long-CP sub-frame structure. The proposed long-CP sub-frame allows for UE to identify cell ID with a single FFT window irrespective of the variable CP length. In addition the UE complexity requirements are reduced.
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Figure 2  Proposed sub-frame structure.
In demodulation process the first OFDM symbol of the proposed long-CP sub-frame is as robust against the multi-path environment as the first OFDM symbol of the currently assumed long-CP sub-frame [see Annex].
3. Simulation results

We evaluated the cell search time that achieves 90% detection probability when currently assumed [3] or our proposed long-CP sub-frames were randomly interleaved with short-CP sub-frames. It was assumed that the cell specific reference signals are available even in long-CP sub-frames. The simulation assumptions are shown in Table 1.
Table 1
Simulation assumption.

	Cell model
	Isolated cell

	System bandwidth
	1.25MHz

	SCH bandwidth
	1.25MHz

	SCH structure
	Hierarchical

P-SCH and S-SCH are multiplexed in the frequency domain.

	P-SCH
	Cell common sequence

	S-SCH


	Two phase-rotated codes with length of 17 are interleaved in frequency domain to increase the number of S-SCH [1].

	Number of S-SCH sequences
	256

S-SCH indicates 32 cell ID groups,

2 radio frame timing candidates,

2 TX antenna configuration candidates,

2 cell configuration candidates.

	Number of SCH symbols within radio frame
	2

	Number of cell ID candidates per group
	16

	Total number of cell IDs
	512

	First reference symbol allocation
	Every sixth sub-carrier in the first OFDM symbol of every sub-frame.

	Channel model
	Typical Urban (6path), 3[km/h]

	Rx Diversity
	2 branch

	Averaging time for 1st step
	1 radio frame

	Averaging time for 2nd step
	1 radio frame

	Averaging time for 3rd step
	4 sub-frame

	Verification of detected cell ID
	Ideal


Figure 3 shows the simulation results. In the simulation for both long-CP sub-frames, the UE carries out the cell identification process with a single FFT window for short-CP OFDM symbol (not long-CP OFDM symbol).

The simulation results show that the cell search time for currently assumed long-CP sub-frame gets longer as the ratio of long-CP sub-frames to all transmitted sub-frames increases in the low SNR region. On the other hand the cell search time for the proposed long-CP sub-frame does not get longer regardless of the ratio of the insertion of proposed long-CP sub-frame.
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Figure 3  90% cell search time performance.
4. Conclusion
In this contribution, we have proposed a 3-step cell search procedure using reference signals and a slightly modified long-CP sub-frame structure as a possible way which can solve the problems due to the possibility of existence of both long-CP and short-CP sub-frames in the case that reference symbols are used. With the proposal the terminal complexity requirement related to the initial cell search could be reduced as only single FFT window for short-CP OFDM symbol is needed in the initial cell search. The proposal also allows reliable cell synchronization. It has been shown that the use of the currently assumed long-CP sub-frame structure will degrade the initial cell search performance when randomly transmitted along with short-CP sub-frames. This performance degradation gets worse as more long-CP sub-frames appear in the initial cell search.

 Our proposal demands slight modification to the CP structure of the first OFDM symbol of long-CP sub-frames. No impacts are expected to be on short-CP sub-frames.
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Annex
In demodulation process the robustness against the multi-path environments of the first OFDM symbol of the proposed long-CP sub-frames is the same as that of the OFDM symbols with the currently assumed long CP according to the method as shown in Figure 4, although the cyclic prefix length of the first OFDM symbol of the proposed long-CP sub-frame is the same as that of the short-CP sub-frames. It is assumed that the UE knows the CP length of the received sub-frames. Since this can be achieved by rearrangement in the buffer which store samples of received signal, there is no impact even on implementation.
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Figure 4  Demodulation of the first OFDM symbol in proposed long-CP sub-frame.
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