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1. Introduction

At RAN1 #48bis it was agreed that two short binary codes should be multiplexed in one S-SCH symbol to form a secondary synchronization code (SSC). In this contribution, we propose using PN-Hadamard orthogonal SSCs to offer improved detection performance with low complexity.
2. SSC using PN-Hadamard orthogonal sequences
2.1 Orthogonal Hadamard Sequences 
It is known that Hadamard sequences may not be orthogonal when a UE receives distinct SSCs (cell group ID) undergoing frequency selective fading. In this contribution, we propose a systematic way to construct Hadamard orthogonal codes to prevail over this issue. This provides better detection performance due to orthogonality without increasing detection complexity. 
Consider Hadamard sequences 
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= 1, …, N denotes the Hadamard sequence index and
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is the maximum channel delay spread length. The number of orthogonal Hadamard sequences is equal to
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. The orthogonal sequences can be partitioned using the following method. First, we define Hadamard orthogonal code groups as follows: let k=0, 1, ..., 
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 denote the Hadamard orthogonal group ID. The number of orthogonal code groups is equal to 
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Hadamard orthogonal sequences, i.e.,
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, are orthogonal after multipath fading. Figure 1 illustrates when the Hadamard orthogonal group ID is equal to k=
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Figure 1. Orthogonal Hadamard sequence group and corresponding sequence.
2.2 PN-Hadamard Orthogonal Sequence Construction

Using this construction all the Hadamard orthogonal sequences are orthogonal in the same Hadamard orthogonal group k. However, Hadamard orthogonal sequences 
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 among different Hadamard orthogonal groups k
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k’ are not orthogonal to each other. Therefore, to ensure better cross-correlation, a pseudo-random (PN) sequence denoted as 
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is applied as a mask to Hadamard orthogonal group k.  The PN sequences can be chosen from either from Golay [1] or M-sequences [2].
2.3 Intercell Interference analysis of SSCs using PN-Hadamard sequences
When a UE receives quasi-synchronized SSCs (arriving within the CP) from multiple cells, intercell interference will result if the SSCs are not orthogonal. This will degrade the detection performance. For simplification of analysis and without loss of generality, we assume a two-cell model, i.e., the cell i is the cell of interest and cell j is the interfering cell. The intercell interference can be expressed as 
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where 
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is a diagonal matrix with PN-Hadamard sequences and 
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is the channel vector (with maximum channel length L) of cell i. As established in Section 2.1, if the sequences 
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are chosen from the same Hadamard orthogonal group, the interference term 
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 matrix. Therefore, we can conclude that for any channel 
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 with maximum channel length L, the intercell interference on S-SCH always equals to zero [3].
3. S-SCH mapping
For the S-SCH of E-UTRA, we prefer that the S-SCH sequence be mapped to 64 subcarriers (FDM) with two interleaved binary Hadamard codes, each of length N=32. The DC subcarrier is punctured as shown in Figure 2. To support an S-SCH FFT size of 64 and with maximum delay spread L = 5 (equivalent to a maximum CP = 40 in a 5 MHz bandwidth), we have 
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 = 8 orthogonal Hadamard groups with each Hadamard orthogonal group having four Hadamard orthogonal sequences (except the all “1” code is punctured from the first group). Table 1 summarizes the corresponding Hadamard orthogonal groups and Hadamard sequence indices in each group.
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Table 1 : Hadamard orthogonal group for N=32
	Hadamard orthogonal group index
	Hadamard sequence ID

	k=0
	(2,3,4)

	k=1
	(5,6,7,8)

	k=2
	(9,10,11,12)

	k=3
	(13,14,15,16)

	k=4
	(17,18,19,20)

	k=5
	(21,22,23,24)

	k=6
	(25,26,27,28)

	k=7
	(29,30,31,32)


For S-SCH in EUTRA, 171 hypotheses are sufficient. Here we propose a way to construct the S-SCH sequences. 
· First, we choose any orthogonal code group except group k=0 which has 4 Hadamard orthogonal sequences. 
· Second, we apply a PN masking sequence
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 for each orthogonal sequence in Hadamard code group k. By choosing up to 4 Hadamard code groups to form the S-SCH sequences (cell IDs), 16 hypotheses for each interleaved PN-Hadamard sequences can be supported.
· Finally, the number of PN-Hadamard sequences can be trimmed to 13 for the first interleaved short binary code and 14 for the second interleaved short binary code to fulfill the 171 hypotheses design requirement. Other combinations (e.g., 12 and 16 sequences) can also be used.
There is no limitation to determine the affiliation between the first and second interleaved short binary codes since they are orthogonal in FDM.  
4. Simulation results
The S-SCH detection performance is evaluated using simulation. Three eNodeBs each having three cells are modeled. Other cells were modeled as AWGN. Table 2 summarizes the simulation parameters. The simulation scenarios are depicted in Figure 3.
Furthermore, S-SCH detection is simulated based on following assumptions:

· No CP detection was involved in this simulation.

· Measurement of coarse carrier frequency offset within +/-10 % of the true carrier frequency offset, i.e., +/-0.5 ppm (after P-SCH frequency correction). 

· Timing acquisition within the width of the CP 

· Requirement: SINR at Pd = 0.9.

Table 2 : Simulation parameters
	# of simulated eNodeBs/cells
	3/9 

	# TX/RX antenna
	1/1

	FFT, CP
	64, 5

	Sub-frame duration
	0.5 ms (7 symbols/sub-frame)

	Number of available/used sub-carriers
	72/64

	Carrier frequency
	2 GHz

	Number of SCH symbols per radio frame
	2

	PSC/SSC sequence
	GCL/M sequence-Hadamard 

	SSC frame (Nf) accumulation/period
	5 ms

	Carrier frequency offset between Node-B and UE after P-SCH detection
	± 0.5 ppm

	Channel model
	6-path Typical Urban

	Vehicle speed
	30 km/h

	Detection/channel estimation for SSC
	Coherent/Least squares
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In the following simulation, we compare two scenarios, A and B, which represent two different interference cases for a UE performing cell search. 

Scenario A:
For a UE located at the point A in Figure 3, equal S-SCH powers are received from two cells; other cells are modeled as Gaussian noise. 
Case 1: S-SCH sequences of the two cells are orthogonal and selected among the Hadamard orthogonal sequences in the same group of Table 1.  
Case 2: S-SCH sequences of the two cells are not orthogonal.  
Scenario B:

For a UE located at the point B in Figure 3, equal S-SCH powers are received from three cells; other cells are modeled as Gaussian noise.
Case 1: S-SCH sequences of the three cells are orthogonal and selected among the Hadamard orthogonal sequences in the same group of Table 1    
Case 2: S-SCH sequences of the three cells are not orthogonal.
The performance of detection probabilities of the scenarios A and B are shown in 4.


[image: image32]
Figure 4: S-SCH detection performance for different scenario.

For both scenarios A and B, simulation results show that the orthogonal PN-Hadamard  sequences are superior to non-orthogonal PN-Hadamard sequences. The detection performance gains due to orthogonal PN-Hadamard sequences range from 0.5 dB to 1 dB at 90% detection probability. 

5. Conclusions 
In this contribution, we proposed a systematic method to construct orthogonal PN-Hadamard sequences for S-SCH sequences. This can be summarized as follows:

· 64 subcarriers used for S-SCH with DC subcarrier punctured

· Two sets of interleaved sequences, each with length 32  

· Each set comprised of four groups, with each group containing four orthogonal Hadamard sequences (16 total)
· Each group masked with a different PN sequence
Simulation results in multiple NodeB scenarios show that this S-SCH sequence construction method reduces inter-cell interference and enhances detection probability. Based on these results we recommend adopting orthogonal PN-Hadamard sequences as S-SCH sequences for E-UTRA. 
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Figure � SEQ Figure \* ARABIC �2�. S-SCH subcarrier mapping.





Figure 3. Simulation geometry for different scenarios
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