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1. Introduction

In this contribution we further discuss several aspects of cell search for E-UTRA. 
2. Placement of P-SCH and S-SCH

At the RAN 1 #47 meeting in Riga, the working assumption for generic frame structure was chosen to be that P-SCH and S-SCH are located in the same sub-frame. As shown in Figure 2‑1, since the P-SCH and S-SCH symbols are located in adjacent symbols, coherent detection of the S-SCH index can use the channel estimation obtained from P-SCH even in high mobility cases. However, either fixed CP length has to be used at sub-frames carrying SYNC symbols or blind CP length detection has to be done for S-SCH symbol. Blind CP length detection has been shown to result in approximately 0.5 dB performance loss for S-SCH detection [11].
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Figure 2‑1: P-SCH is placed in the last and S-SCH in the second last OFDM symbol of the first sub-frame [11].

An alternative placement of P-SCH and S-SCH symbols was proposed in [8]. P-SCH is placed in the last OFDM symbol of the first slot of a sub-frame and S-SCH is placed in the first OFDM symbol in the second slot (and vice versa). In order to keep the symbol format unchanged, pre-phasing is applied to the S-SCH that is placed in an OFDM symbol within the long CP sub-frame [8]. At the receiver, the OFDM symbol that carries S-SCH is always processed as if it only uses a short CP. Details are described in Appendix A. Compared to the placement method in Figure 2‑1, this method also allows coherent detection of S-SCH but with the advantage that blind CP length detection can be avoided.

[image: image2.emf]
Figure 2‑2: Alternative placement of P-SCH and S-SCH.
3. P-SCH

In this section, we discuss several aspects of P-SCH design. 
3.1 The number of PSCs
In a synchronous network, the composite channel experienced by a cell-common (common in both code and frequency domain) PSC is actually the superposition of multi-paths from multiple cells. Applying the multipath channel estimated using such a PSC to coherent detection of S-SCH will lead to performance degradation. 
Two methods have been proposed to address the issue. One is using differential detection of S-SCH which has been shown to provide comparable performance to coherent detection using a realistic channel estimator [13]. The other is to use some form of orthogonality between cells to prevent superposition of multi-paths, choosing from 
· CDM, where N different PSCs are used in different sectors [9], [10].

· FDM, where a common PSC is mapped to different subcarriers in neighboring sectors [12]
· TDM, where the time location of the first PSC within the 1st sub-frame varies with the cell ID [14] 
The FDM method is preferable because it is less complex than TDM and is less sensitive than CDM to inter-cell interference in large cells. Of course combinations of FDM with either CDM or TDM can be used to extend the size of the orthogonal set if deemed necessary.
3.2 P-SCH structure

For sync symbol patterns that are generated in the frequency domain, several types of sync symbol structures have been proposed in previous meetings: repetition pattern [1], [3] and non-repetition pattern [4]. 
An alternative way to generate the P-SCH symbol is using a time domain based structure as proposed in [4], [5] and [7]. The generated P-SCH symbol can be either a repetitive or non-repetition pattern. In addition to its flexibility, a time domain P-SCH sequence has lower complexity at the UE since P-SCH detection is performed in the time domain. 

3.3 P-SCH Sequence
We prefer to apply a Frank sequence of length 16 to a four-repetition (or a symmetrical-and-periodic) pattern sync symbol structure, for a total of length 64 [15]. This approach has the following advantages: 
· The advantage of the Frank sequence is its QPSK waveform in the time domain, thus cross-correlation based detection can have low complexity since no multiplications are needed in the detector. 
· The major advantages of four repetitions are

· Auto-correlation based detection can be used resulting in lower complexity than cross-correlation based detection

· Robustness to frequency offset and Doppler since frequency offset estimation can be obtained reliably from the output of auto-correlation. 
· Performance can be further improved by enabling hybrid detection.
· The 4-repetition pattern is preferred over the 2-repetition pattern because the latter creates a plateau over the width of the cyclic prefix whereas the 4-repetition pattern yields a sharp timing metric.
To reduce interference from other cells and to allow coherent detection, we prefer the FDM approach where a common PSC (Frank sequence of length 16) is mapped to different subcarriers at neighboring sectors. Four starting subcarrier offsets can be used.

Our preferred way to generate the P-SCH symbol is using a time domain based structure as proposed in [16] and [5]. The example in Figure 3-1 describes the method that a sequence A and an appropriate training pattern vector 
[image: image3.wmf][1 -1 1 1] are used to generate 4 repetition blocks [A –A A A] as shown in Figures 3-2. Each “A” block is a Frank-16 sequence. The modulated blocks suppress the correlation sidelobes relative to the peak by 6 dB. 
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Figure 3-1: Generation of sync symbols in the time domain.
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Figure 3-2: Example of SCH sequence containing 4 repetitions.
4. S-SCH structure and sequence

We prefer that the S-SCH sequence be mapped to every 3rd subcarrier (FDM) as considered in [2] to mitigate intercell interference for S-SCH. A GCL or ZC sequence with sequence length 23 can be used. This approach can provide at least 3 x 22 = 66 cell group IDs. Combined with 3 FDM P-SCH sequences, 198 cell group IDs can be provided.
In addition to the cell group ID information carried by S-SCH symbols, the following information should also be obtained at stage 2:

· Frame timing

· Downlink RS hopping indication (hopping or no hopping)

· The number of transmit antennas (1, 2 or 4 or just 1 or 2)
We prefer to carry the information of the frame timing and downlink RS hopping indication by QPSK modulation of S-SCH sequence. For an S-SCH sequence, cyclic shifts can be used to carry the information of the number of transmit antennas 

· If only whether 1 or 2 antennas are used needs to be indicated, then 2 cyclic shifts of S-SCH sequence can be used, e.g. 0 and 12.
· Otherwise, 3 cyclic shifts of S-SCH sequence, e.g. 0, 8 and 16, can be used to indicate 1, 2 or 4 antennas. 
The figure below shows the outputs from each stage of initial cell search.


[image: image6.emf]
Figure 4-1: Initial Cell Search process.
5. Conclusions 
In this contribution, we discussed several aspects of cell search for E-UTRA. Our preferences are summarized as follows:

· P-SCH is placed in the last OFDM symbol of the first slot of a sub-frame and S-SCH is placed in the first OFDM symbol in the second slot (and vice versa). Pre-phasing is applied to the S-SCH which allows coherent detection of S-SCH but with the advantage that blind CP length detection can be avoided.
· Subcarrier mapping of P-SCH symbols uses FDM among sectors to allow coherent detection of S-SCH index (if desired though not necessary) and also to mitigate inter-cell interference. 

· P-SCH symbol is generated in the time domain using a 4-repetition pattern with Frank sequence of length 16.

· S-SCH sequence: QPSK modulated cyclic-shifted GCL or ZC sequence. The QPSK modulation carries frame timing and RS hoping indication. The cyclic shifts indicate the number of antennas used for P-BCH transmit diversity.  
· S-SCH symbols are mapped to subcarriers using FDM to mitigate inter-cell interference. 
------------------------------------------- Start of Text Proposal for TS 36.211 ----------------------------------
5.7.1
Primary synchronization signal

5.7.1.1
Sequence generation

P-SCH symbol is generated in the time domain using a 4-repetition pattern with Frank sequence of length 16. Subcarrier mapping of P-SCH symbols uses FDM among sectors.

5.7.2
Secondary synchronization signal

5.7.2.1
Sequence generation

QPSK modulated cyclic-shifted GCL or ZC sequence with FDM subcarrier mapping is used to generate S-SCH symbols. 

--------------------------------------------------- End of Text Proposal ---------------------------------------------
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Appendix A
In order to keep the symbol format unchanged, we apply pre-phasing to the S-SCH that is placed in an OFDM symbol within the long CP sub-frame. Define 
[image: image7.wmf] as difference between the number of samples of long CP and that of short CP. In the case that the sub-frame that carries S-SCH uses long CP, the S-SCH symbol will be precoded by
[image: image8.wmf], where N is the number of IFFT points. Denote the S-SCH sequence as
[image: image9.wmf], where M is S-SCH sequence length. The precoded S-SCH sequence becomes
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where 
[image: image11.wmf]is the index of subcarriers occupied by S-SCH. The applied phase shift compensates for the CP length difference
[image: image12.wmf].

At the receiver, the OFDM symbol that carries S-SCH is always processed as if it only uses a short CP. In the case of long CP, after samples corresponding to the length of a short CP are discarded, a part of S-SCH is left outside the N-point DFT processing as shown in Figure A-1. However, the residual part of the long CP (after short CP is discarded) is the copy of the left-out part of S-SCH. Therefore, the N-point DFT still contains a complete S-SCH. In this way, both P-SCH and S-SCH can be detected regardless of CP length. Since P-SCH and S-SCH symbols are placed adjacent to each other, the detected P-SCH can be used as reference signals in the detection of the S-SCH.


[image: image13.emf]
Figure A-1: Processing of OFDM symbol carrying S-SCH and uses long CP.
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