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1. Introduction
In RAN1#48bis, it was agreed that the secondary SCH (S-SCH) structure is based on a combination of two binary codes. Two different mappings are possible: interleaved and localized (see, e.g. [1]). The Hadamard-based design is attractive as it allows lower complexity S-SCH decoding using the fast Walsh-Hadamard Transform.  In addition, it was also agreed that the primary SCH (P-SCH) occupies the center 64 sub-carriers (64 including DC). Hence, it is desirable to impose the same spectrum occupancy for S-SCH. However, the regular Hadamard-based design occupies the center 65 sub-carriers. In this case, truncating the Hadamard code by 1 sample is a simple way to ensure that the S-SCH is contained within the center 64 sub-carriers. This, however, compromises the perfect orthogonality of the Hadamard sequences as truncating the Hadamard code by 1 sample results in a cross correlation of (1/32).  
In this contribution, we evaluate the following aspects of the S-SCH design:
1. Interleaved vs. localized mapping
2. The effect of truncating the Hadamard sequence from length-32 to length-31
We found that the interleaved mapping offers the best performance in both coherent and non-coherent detections. In addition, the truncation of the Hadamard sequence does not result in any visible impact on the cell search performance in all scenarios. Hence, the interleaved S-SCH mapping and truncation of the Hadamard sequence by 1 sample are preferred for the S-SCH design. 
2. S-SCH Structures
In this contribution, we compare the following S-SCH structures (see Figure 1):  
1. Interleaved mapping based on L=32 Hadamard sequences
2. Localized mapping based on L=32 Hadamard sequences
3. Interleaved mapping based on L=31 (truncated) Hadamard sequences
4. Localized mapping based on L=31 (truncated) Hadamard sequences
The total energy per symbol is kept the same for all the designs. From implementation perspective, the advantages of L=31 are as follows:

· The S-SCH occupies the same bandwidth as the P-SCH (0.96 MHz = the center 64 sub-carriers). This allows the flexibility of half sampling rate (0.96 MHz) processing for both the P-SCH and S-SCH. Otherwise, 1.92 MHz processing shall be used. Typically, the same front-end filter is used for both P-SCH and S-SCH.
· The L=32 design occupies the center 65 sub-carriers which exceeds 0.96 MHz by 1 sub-carrier. While this is a small spillover outside the center 0.96MHz bandwidth, it results in some aliasing if a 0.96-MHz front-end filter is used.  
As L=31 compromises the perfect orthogonality of the Hadamard sequences, the effect on cell search performance should be assessed.
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Figure 1. Four Hadamard-based S-SCH Structures: (a) Interleaved mapping with L=32 (b) Localized mapping with L=32 (c) Interleaved mapping with L=31 (d) Localized mapping with L=31
3. Performance Comparison
The simulation assumptions are given in Appendix 1. Both coherent and non-coherent S-SCH detections are simulated with 0.1-ppm and 5-ppm frequency offsets in the TU channel. Cell ID detection error rate is plotted against SNR. The results are depicted in Figures 2-4. Observe that:
· The interleaved S-SCH mapping outperforms the localized S-SCH mapping for both coherent and non-coherent detections.  The superior performance of the interleaved S-SCH mapping is attributed to its higher frequency diversity gain. When non-coherent detection is used, the SSC orthogonality becomes important. Hence, it might be expected that the localized mapping outperforms the interleaved mapping as each Hadamard sequence for the localized design spans a narrower bandwidth. However, each Hadamard sequence occupies 0.96 MHz which exceeds the coherence bandwidth of the TU channel. Hence, the higher frequency diversity gain still outweighs the loss of orthogonality in the localized mapping.
· Observe that there is virtually no performance loss due to truncating the length-32 Hadamard sequence to length-31 in all scenarios.  
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Figure 2. Cell ID detection with coherent SSC detection: 0.1-ppm frequency offset
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Figure 3. Cell ID detection with coherent SSC detection: 5-ppm frequency offset

[image: image4.emf]-12 -10 -8 -6 -4 -2 0

10

-2

10

-1

10

0

SNR (dB)

SSC detection error

Cell ID detection: 0.1-ppm,Non-Coherent

 

 

NF=1:Interl,L=31

NF=1:Loc,L=31

NF=1:Interl,L=32

NF=1:Loc,L=32

NF=2:Interl,L=31

NF=2:Loc,L=31

NF=2:Interl,L=32

NF=2:Loc,L=32


Figure 4. Cell ID detection with non-coherent SSC detection: 0.1-ppm frequency offset 
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Figure 5. Cell ID detection with non-coherent SSC detection: 5-ppm frequency offset 

4. S-SCH Scrambling
In general, P-SCH scrambling has been shown beneficial in reducing the PAPR. This is important for smaller system bandwidth (e.g. 1.4 MHz). In this sense, a common scrambling can be used for all the different SSC sequences, e.g. Golay-based scrambling [5, 6].

In addition, an ambiguity for SSC detection due to the 2-part design was pointed out by Motorola on the email reflector. The ambiguity occurs during the neighboring cell search when multiple Hadamard sequences are detected for each of the 2 SSC segments. For example, if two Hadamard sequences are detected for each segment, there are a total of 4 possibilities, some of which are not valid. A solution was proposed by Motorola on the email reflector:

1. Use a common scrambling for segment 1

2. A “segment-1”-specific scrambling is applied to segment 2. This essentially increases the total number of codewords for segment 2 from 26 to 27x26 (=702).

This solution solves the ambiguity problem. However, because of the dependency of segment 2 on segment 1, separate detection of segment 1 and 2 is not optimal and hence a joint detection of segment 1 and 2 needs to be performed.
 This is especially important for non-coherent detection which relies more on the distance property of the overall SSC codewords. Without the joint detection of segment 1 and 2, significant performance loss is expected for non-coherent detection. Jointly detecting segment 1 and 2, however, results in significant complexity increase. 
To reduce the increase in complexity, it is proposed that the 27 scrambling sequences for segment 2 be grouped into 3 groups based on the choice of PSC. For a given group, one scrambling code is chosen for the second segment (e.g. randomly or based on a certain mapping related to segment 1). This allows (up to) 3x complexity reduction in the SSC detection while offering sufficient interference on the SSC from other cells:
1. From step-1, PSC is detected.

2. Based on the detected PSC, there are 27x9 hypotheses to be tested for segment 2 detection.
5. Conclusions
In this contribution, we evaluated two different aspects of the Hadamard-based S-SCH designs: interleaved vs. localized and length-32 vs. length-31 Hadamard sequences. We found that the interleaved mapping offers the best performance in both coherent and non-coherent detections. In addition, the truncation of the Hadamard sequence does not result in any visible impact on the cell search performance in all scenarios. Hence, we propose to use the interleaved S-SCH mapping and truncation of the Hadamard sequence by 1 sample for the S-SCH design. 

In addition, an S-SCH scrambling scheme is also suggested to mitigate the SSC detection ambiguity due to the 2-part S-SCH design. The scheme employs 3 groups of the scrambling sequences for the second segment based on the PSC. This is beneficial for reducing the complexity of the S-SCH decoding when the first and second segments are jointly decoded.
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Appendix A: Simulation Assumptions

The simulation assumptions are given in Table A1 below. 

	Parameter
	Assumption

	Bandwidth
	1.25 MHz

	Carrier frequency
	2 GHz

	Channel Model
	Typical Urban 3 kmph

	CP size
	Short

	No. TX and RX antennas
	1 TXA, 2 RXAs, uncorrelated

	Frequency offset 
	±0.1 and ±5 ppm (maximum):  frequency offset is modeled as a uniform random variable. 

	Timing detection algorithm
	±0.1-ppm: 1-part replica-based full PSC correlation
±5-ppm: 2-part replica-based full PSC correlation

	Frequency offset estimation
	±0.1-ppm: off

±5-ppm: 2-part replica-based [3, 4]

	Number of P-SCH symbols for averaging
	1 (within 5-ms) and 2 (within 10-ms)

	No. step 2 hypotheses
	680 hypotheses

	SSC-to-hypotheses mapping
	Simple mapping:  {W0, …, W26} is used for segment 1, and {W6, …, W31} is used for segment 2.

	P-SCH design
	FDZC N=63 [2]


Table A1: Link Level Simulation Assumptions
























































































































































































































� Note that separate detection of segment 1 and 2 is optimal without the “segment-1”-specific scrambling since there is no dependence between the 2 segments. 
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