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1. Introduction

In [1][2], BPSK modulation at S-SCH for adding frame synchronization information was proposed. Also, in last Sorrento meeting, 1 bit DL hopping indicator is supposed to be loaded in S-SCH. The concern for increasing hypotheses which is related to UE complexity was raised for adding DL hopping indicator at S-SCH. In this contribution, we propose QPSK modulation at S-SCH in order to add both frame synchronization information and frequency hopping indicator without increasing complexity.
2. M-PSK modulation
 The concept of M-PSK modulation represents that SSC in all subcarriers is modulated by same M-PSK signal which can add M information. M-PSK modulated SSC can be expressed by equation (1).
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where 
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is the amount of information to be added. Of course, M-PSK can be defined both in time and in frequency domain.
 Figure 1 shows the frame structure for SCH with QPSK modulation. As an example of detection processing for it, the real and imaginary value, respectively, of each correlation output after phase compensation using P-SCH can be used as the metric to decide information. Therefore, the number of correlation operation can be reduced by amount of 1/4 in case of QPSK modulation.
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Figure 1 Frame structure with QPSK modulation
3. Application on SCH
In this chapter, we will introduce the application of M-PSK modulation. The current working assumption with respect to the amount of information to be loaded at S-SCH is as follows;
· Cell ID group (170)

· Frame timing information (2)

· DL frequency hopping indicator (if needed) (2)

· Antenna configuration for p-BCH (if needed) (3)
As an example, we can use QPSK modulation at S-SCH as following;

· 1st S-SCH

· DL hopping off: all subcarriers at 1st S-SCH are modulated by +1

· DL hopping on: all subcarriers at 1st S-SCH are modulated by +j

· 2nd S-SCH

· DL hopping off: all subcarriers at 2nd S-SCH modulated by -1

· DL hopping on: all subcarriers at 2nd S-SCH modulated by –j

4. Simulation

· Simulation conditions
In this chapter, we will compare B/QPSK modulation and the conventional scheme which just increase the sequence indices for more information.
We performed the simulation for initial cell search under multi-cell which consists of 19NodeBs with 3 sectors for each NodeB. Three PSCs for 1st step was used in this simulation applying cross-correlation based detection [3]. We assumed only sector IDs (3) are loaded in DL RS and DL hopping indicators for all NodeBs have the same information (all ‘on’ or all ‘off’). Also, we will observe the cell search time performance only until 2nd step. In 2nd step, ML coherent detection method was used for SSC detection. The CP configurations (short or long CP) were randomly selected for each subframe (1ms), and two FFT operations were used due to unknown CP length. The detailed simulation parameters were described at Annex A. The notation (AxBxC) was used throughout this document, where A is the amount of used root sequences, B is the amount of the circular shifts, and C is the amount of PSK modulation (C-PSK modulation). We defined ‘one operation’ as ‘one correlation operation’ for complexity comparison.
According to above working assumption described in Chapter 3, we will take two cases into account.

· Case 1

· The required information is 680 precluding the information of antenna configurations.

· Case 2
· The required information is 2040 including the information of antenna configurations.

· Simulation results
 Figure 2 depicts the cell search time performance for Case 1 and Case 2 in synchronous network. As shown in the figure, the proposed BPSK/QPSK modulation scheme for additional information (up to 4; 2bits) shows the good performance with low complexity. Especially in case2, in which loads larger information case, the performance of B/QPSK modulation is better than that of just increasing the sequence indices. Note that the number of operations in the figure includes blind CP detection (2 operations).
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Figure 2 Cell search time performance (Synchronous network)
5. Conclusions

 In this contribution, we evaluated QPSK modulation in order to add more information in S-SCH without increasing complexity. The performance of QPSK modulation is better than that of increasing the sequence indices (increasing complexity) especially in the case with large amount of information (Case 2). Therefore, we propose the QPSK modulation as information for ‘frame sync information’ and ‘DL hopping indicator’.
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Annex A. Simulation conditions
A-Table 1 System parameters

	Parameter
	Explanation

	Carrier frequency
	2 GHz

	Sampling frequency
	1.92 MHz

	FFT size
	128

	Number of used subcarriers (including DC carrier) for traffic
	73 (1.095 MHz)

	CP type / detection
	Short or Long CP (randomly) / blind detection

	Timing acquisition
	Cross-correlation based detection

	S-SCH detection
	ML / Fully coherent detection by estimated channel at P-SCH

	Reference symbol detection
	Not performed

	Channel estimation
	DFT-based channel estimation

	Averaging duration
	10ms for 1st step / 5ms for 2nd step

	Used sequence
	P-SCH
	- 3 PSCs [ 36 length ZC sequence (2x repetition) with M=1,5,35 ] [3]
- The PSCs are same within a NodeB, but different across NodeBs

	
	S-SCH
	- 71 length Circular shifted ZC
- BPSK/QPSK modulation

	
	Reference symbol
	- The sector ID information is loaded by phase-rotated orthogonal sequence.

- 24 length ZC with phase-rotated orthogonal sequence

	
	
	(Each NodeB has different root sequence)

	Amount of information
	S-SCH
	688 / 2048

	(except for CP)
	
	

	
	Reference symbol
	3 (Phase rotated)


A-Table 2 Multi-cell related parameters

	Parameter
	Explanation

	Cell layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Antenna horizontal pattern
	70 deg (-3dB) with 20 dB front-to-back ratio

	Inter-site distance (ISD)
	1732 m

	Propagation model
	L=128.1+37.6Log10(R), R in kilometres

	Propagation delay
	Applied

	Standard deviation of slow fading
	8 dB

	Correlation between sectors
	1

	Correlation between sites
	0.5

	BS antenna gain
	14 dB

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Penetrate loss
	20 dB

	BS Tx power
	40 dBm

	Number of Tx / Rx antennas
	1 Tx / 1 Rx

	Network condition
	-Synchronous network: Transmission is synchronized for all sectors

	Channel model
	6-ray Typical Urban

	Vehicle speed
	3 km/h

	Frequency offset between BS and UE
	Uniform distribution within 5 ppm for each UE dropping

	
	(same frequency offset from all sites at a dropping)

	Frequency offset estimation
	Real estimation and compensation

	Sequence ID selection for each sector
	Randomly each UE dropping

	Criterion for successful cell ID detection
	If the local received signal power from detected cell is within 3dB of the strongest local received signal power
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A-Figure 1 Simulation environments
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