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1. Introduction

In this contribution we propose a synchronization channel structure, method and procedure suitable for a hierarchical SCH structure. The proposed primary SCH (P-SCH) allows low complexity for cross-correlation or hybrid based detection. The proposed secondary SCH (S-SCH) supports large cell (group) ID and mitigates intercell interference. In this document, the proposed SCH performance is studied by simulation.  
2. Cell Search Procedure 

The proposed cell search procedure is illustrated in Figure 1. There are three major steps for SCH detection. The first two steps are required by a hierarchical SCH structure, i.e., frame timing/FFT timing-frequency offset estimation in the 1st step by using time-domain detection of P-SCH, and cell (group) ID detection in the 2nd step by using frequency-domain detection of S-SCH. To verify the cell (group) ID provided by the S-SCH, searching for cell specific ID from the downlink reference signals could be considered [4]. 
Detecting the number of transmission antennas (NTA) can be either in the S-SCH (2nd step) or the DL reference signal (3rd step), which we leave as an open issue.
                                 
[image: image1.emf]
Figure 1: Proposed cell search procedure

3. SCH structure and sequence
3.1. SCH structure in the time domain

Two approaches are being considered for the multiplexing of SCH, i.e., time- (TDM) or frequency- (FDM) domain multiplexing for P-SCH and S-SCH. Here, we prefer TDM because it enhances detection performance. CP length (long or short) detection may be required when using the TDM approach. In practice there are three possible solutions for CP length detection: 

1. Blind detection [4]
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[7].

2. Force the synchronization subframe to always use short CP [1].

3. Modulation CP indication with P-SCH.

The proposed SCH structure is depicted in Figure 2. As can be seen, the P-SCH is present in the last OFDM symbol of one specified (synchronization) subframe. The S-SCH is in the proceeding symbol. The period of SCH transmission per radio frame is under study.

                
[image: image2.emf]
Figure 2:  Synchronization channel (SCH) structure
3.2. Primary SCH (P-SCH) structure

In this subsection, we will review proposed P-SCH structures followed by our solution. 
3.2.1. Previously Proposed Primary SCH (P-SCH) structures 

In this subsection, we will briefly discuss several proposed P-SCH structures. Three types of sync symbol pattern were proposed for P-SCH, i.e., repetition, symmetrical and non-repetition.

3.2.1.2 Repetition pattern sync symbol 
Sync symbols with 2 or 4 repetition blocks in the time domain, as shown in Figure 3, were proposed in [3] and [5]. The time-domain signals for a sync symbol with L (=2 or 4) repetitions can be expressed as follows: 

[image: image3.wmf],  







           (1)


[image: image4.wmf],






           (2)

where N denotes the sync symbol length (without CP).
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Figure 3: Synchronization symbol with two or four time-domain repetition pattern

The L repetition pattern is generated by mapping the synchronization sequence onto subcarriers in an equal-distant (distance is L) manner as shown in Figure 4.
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Figure 4: Frequency domain mapping for P-SCH with L repetition blocks

There are two major approaches for detecting a symbol with L repetitions, one using block auto-correlation as proposed in [2] and the other using hybrid (composite) detection proposed by [10],[11],[14] and introduced in [20],[21]. The major advantages of L repetition using auto-correlation based detection are the following:

1. Sequence independent: i.e., the correlator doesn’t need to know the synchronization sequence. This is a preferable feature for non-hierarchical SCH structure which employs many sequences.

2. Lower complexity than cross-correlation based detection. (We assume the front-end FIR filter complexity [12] need not be taken into consideration.)

3. Robust to frequency offset and doppler since frequency offset estimation can be obtained by the output of auto-correlation. 

However, the auto-correlation based detection suffers significant performance loss due to the additional noise resulting from cross-correlation of the repetition blocks. Hence, the hybrid detection proposed in [10],[11]
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[14] and [20],[21] can enhance the performance but it certainly increases the detection complexity. 
3.2.1.3 Symmetrical and periodic pattern sync symbol

A sync symbol with a symmetrical-and-periodic pattern was proposed in [9] as an alternative to a sync symbol with 2 repetitions. The sync symbol with a symmetrical-and-periodic pattern shown in Figure 5 can be expressed as
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where 
[image: image9.wmf]is symmetrical with 
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[image: image13.wmf] According to a property of the DFT, time domain symmetry always holds when the frequency domain sync sequence contains only real numbers and is mapped on every other subcarrier [22]. The purpose of using a symmetrical-and-periodic pattern is that it can have a sharper correlation output than a sync symbol with an L repetition pattern. Therefore, it can eliminate the plateau problem resulting from two identical repetitions as proposed in [17] and four repetition patterns with training sequence as proposed in [18]. 
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Figure 5: Synchronization symbol with symmetrical pattern

Auto-correlation based detection can be applied to a symmetrical-and-periodic pattern. Since a symmetrical-and-periodic pattern has both a symmetrical and periodic waveform in the time-domain, the output of auto-correlation based detection for two repetition pattern can be used for frequency offset estimation.  
3.2.1.4 Non-repetition pattern sync symbol

A sync symbol with a non-repetitive pattern was proposed in [7]. This method can use more subcarriers than a sync symbol with a repetition pattern since there is no restriction on the time-domain. The sync symbol with a non-repetitive pattern can simply be expressed as
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Only cross-correlation (SCH replica) based detection can be used for a sync symbol with a non-repetitive pattern. Cross-correlation based detection is computationally expensive but has better detection performance when frequency offset is small. However, it suffers performance degradation when there is large frequency offset between the UE and the cell as may occur in initial cell search. . Cross-correlation based detection can be partitioned into M-part correlations [19] to partially overcome the performance loss due to a large frequency offset. 

3.2.1.5 Peak detection comparison between sync symbols
   Here, we give a simple demonstration to show the peak detection comparison between sync symbol with 2 or 4 repetitions (denoted as ‘rep 2x’, ‘rep 4x’) and symmetrical-and-periodic (‘s & p’) pattern by using auto-correlation based detection. In this simple demonstration, no noise is considered. The FFT/IFFT size is 128 points (1.25 MHz) and CP length is equal to 10 samples. The output auto-correlation timing metric (timing estimation) is compared to those of ‘rep 2x’ proposed in [17] and ‘rep 4x’ proposed in [18]. As seen in Figure 6, ‘rep 2x’ creates a plateau over the width of the cyclic prefix. The timing metric from‘rep 4x’ can reduce the plateau, and yields a sharp timing metric. As expected, the ‘s & p’ has an impulse-shaped timing metric, allowing it to achieve a more accurate timing offset estimation. However, the timing metric will be degraded when noise is present due to the effects of cross-correlation of repetition blocks and noise. 
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Figure 6: Comparison of the timing metric of different auto-correlation estimators 
3.2.2. Time-domain based sequence for Primary SCH (P-SCH) 
A frequency domain training sequence for P-SCH can only generate either L repetitions pattern or a symmetrical-and-periodic pattern which requires a real sequence. Another alternative way to generate the P-SCH sequence is using a time domain sequence approach as proposed in [6],[14] and [18]. The P-SCH based on time-domain sequence generation can be adapted to every kind of sync symbol with either a repetitive or symmetrical-and-periodic pattern. In practice P-SCH is only detected in the time-domain. Therefore, P-SCH based on a time-domain waveform is a flexible and overall better solution for P-SCH generation. The P-SCH based on time-domain sequence generation is illustrated in Figure 7.

[image: image17.emf]
Figure 7: Time domain mapping for P-SCH with L repetition blocks
3.3. Proposed Primary SCH (P-SCH) sequence 

A P-SCH using a Frank sequence [24] with length 16 was proposed by [8]. We prefer a P-SCH with a four-repetition or symmetrical-and-periodic pattern because either can have QPSK signaling in its time-domain waveform and also have better detection performance. Hence, either result in low UE SCH detector complexity if using cross-correlation based detection since no multiplications are needed. 

A P-SCH occupying 64 subcarriers and having a time domain sequence can be achieved by either a frequency or time-domain approach. 
· Frequency-domain (FD) approach: here, the Frank sequence with length 16 is mapped to every other 4 subcarrier starting with the first of 64 subcarriers. In this way, we can achieve four repetition patterns in the time-domain after an IFFT operation. Then we have
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. This can be treated as a special case of two repetition pattern as
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· Time-domain (TD) approach: generate a Frank sequence with length 16 as a subvector denoted as
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is an element of a Frank sequence with index k. Thereafter form the time domain sync sequence as aforementioned in previous subsection 3.2.2 to create a new vector with length 64. The new vector format can be expressed as in (2), i.e., 
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. In this manner, either a repetitive or a symmetrical-and-periodic pattern can be achieved. Another advantage of combining the TD approach with a Frank sequence is that low complexity still applies for cross-correlation based detection. 
Here, we give two examples P-SCH sequence being constructed based on methods 1 and 2. The Frank sequence with length 16 is:
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Let 
[image: image25.wmf]4

/

16

N

F

A

A

=

and place on every 4th subcarrier starting with the first subcarrier as mentioned in method 1 (FD approach). After a 64 point IDFT we produce the time-domain wave form as 
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 (2) with four-repetition pattern. Using method 2 (TD) first we will form the TD training sequence, either 
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vector, then follow by a 64 point DFT precoding and IDFT. The 64 point time-domain vector is equal to 
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. Hence, either a four-repetition or a symmetrical-and-periodic pattern can be constructed depending on the training sequence.
3.4. Proposed Secondary SCH (S-SCH) structure and sequence

The S-SCH sequence can be mapped to every 3rd subcarrier (FDM) as considered in [4],[13], and [15]. Then there are three sets of non-overlapping subcarriers that can be used to generate the same S-SCH sequence for all cells/sectors: 

· Set 1: the set of every 4th subcarrier starting with the first subcarrier.
· Set 2: the set of every 4th subcarrier starting with the second subcarrier.

· Set 3: the set of every 4th subcarrier starting with the third subcarrier.

Therefore, cells/sectors can use subcarriers set 1, 2 or 3 to mitigate intercell interference for S-SCH. A GCL [16] or ZC [23] sequence with sequence length 23 or higher (possibly truncated) can be used. This approach can provide at least 3x22=66 cell (group) IDs. Two options can be considered to increase the number of cell (group) IDs for S-SCH: 

1. S-SCH sequence modulated with a phase orthogonal sequence as considered in [4]. 

2. Taking composite sets for S-SCH, e.g., set {1, 2}, {1, 3} and {2, 3} can be combined, such that the number of sequences for S-SCH becomes 3x22^2=1452. Due to the larger spreading gain and the optimal cross-correlation property of GCL or ZC, the performance loss is negligible.   

Alternatively, the downlink (DL) reference signal’s cell-specific scrambling code can be used to generate the remaining set of IDs (e.g. 64 groups x 8 scrambling codes = 512 IDs).
4. Performance 

In this section, we compare the performance of the following detection methods for P-SCH:

1. Cross-correlation (replica) detection with M-part (M=2) correlation, denoted as “CC M=2”. 

2. Auto-correlation detection with 4 repetition blocks, denoted as “AC rep 4x”.

3. Auto-correlation detection with 4 symmetrical-and-periodic, denoted as “AC s & p”.

4. Hybrid detection with 4 repetition blocks, denoted as “HD rep 4x”.

5. Hybrid detection with symmetrical and periodic denoted as “HD s & p”.

For S-SCH detection, it assumes using differential detection proposed in [3]. Using the P-SCH as the reference for S-SCH coherent detection also can be considered to detect S-SCH [4].      

4.1. Simulation assumption
Table 1 shows the common simulation parameters for SCH.
Table 1 : Common simulation parameters
	Number of sub-carriers
	75

	Sub-carrier spacing
	15 kHz

	SCH bandwidth / SCH occupied bandwidth
	1.25 MHz / 1.125 MHz

	Number of OFDM symbols per radio frame
	140

	Carrier frequency
	2 GHz

	Number of SCH symbols per radio frame
	2

	Code sequence for SCH
	Frank for P-SCH and GCL for S-SCH

	Number of averaged SCH symbol for timing detection
	4

	Number of averaged SCH symbol for index detection
	2

	Number of TX/RX antennas
	1/1

	Carrier frequency offset between Node-B and UE
	±5ppm

	Channel model
	6-path Typical Urban

	Vehicle speed
	120km/h


Table 2 and Table 3 show the P-SCH and the S-SCH symbol parameters for simulation, respectively. 

Table 2 : P-SCH symbol parameters
	Number of occupied sub-carriers
	64

	Time domain repetition pattern or symmetrical-and-periodic pattern 
	4

	Code sequence 
	Frank code with length 16


Table 3 : S-SCH symbol parameters
	Number of occupied sub-carriers
	69

	Prime number of GCL sequence
	23

	Number of indices provided by GCL sequence index
	22

	Total number of indices provided by SCH
	22*3=66


4.2. Simulation results

For a fair comparison, the same Ep/N0 is assumed for all the methods (different sync symbol structures). Timing and frequency offset detection is considered to be successful if the acquired timing falls within the duration of the cyclic prefix and the cell (group) ID is identified. The miss detection probabilities of the auto-correlation detection using existing and proposed sync symbol structures are plotted in Figure 8 and compared to that of cross-correlation. It is not surprising that auto-correlation based detection has 3-6 dB performance degradation compared to cross-correlation based detection at 10% miss detection probability. This is because the auto-correlation based timing detection is more sensitive to noise. Among auto-correlation based detection methods, the one using sync symbol with period 
[image: image31.wmf] yields the best performance, followed by the one using the repetition sync symbol. 
The miss detection probabilities of hybrid detection using existing and proposed sync symbol structures are plotted in Figure 8 and compared to that of cross-correlation. As the numerical results show, hybrid detection using a four repetition sync symbol structure still underperformed cross-correlation based detection by 1.5 dB at 10% miss detection probability. However, the hybrid detection using a sync symbol with symmetrical-and-periodic pattern performed better than M-part (M=2) cross-correlation based detection by 0.6 dB. However, the hybrid detection complexity could be higher than auto-correlation based detection. 

[image: image32.emf]
Figure 8: Miss detection probabilities of different detection methods with large frequency offset 
5. Conclusion 
In this contribution, we propose a SCH procedure and channel structure for E-UTRA. The proposed time-domain based P-SCH channel structure can be adapted to any existing P-SCH sync format in time domain. Using a Frank sequence ensures the lowest complexity for cross-correlation based detection. The proposed P-SCH can support either auto- correlation, cross-correlation or hybrid detection. Therefore, it is very flexible and robust for UE implementation. 

The proposed S-SCH supports a large number of cell (group) IDs. Also, using every third subcarrier improves the cell search performance because inter-cell interference is mitigated. 

6. Text Proposal: 
We propose to capture the following in the appropriate TS/TR under “Cell Search”:

-----------------------------------Start of text proposal-------------------------------------

The SCH consists of two parts: primary SCH (P-SCH) and secondary SCH (S-SCH).  The P-SCH is based on a Frank sequence and the S-SCH is based on either a GCL or ZC sequence. The S-SCH uses frequency domain multiplexing sets offset by subcarriers to mitigate inter-cell interference.
-----------------------------------End of text proposal-------------------------------------
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