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1. Introduction

In the past RAN1 meetings, various proposals have been made for E-UTRA cell search. We have proposed the SCH design based on the GCL sequence enabling the SCH index detection without correlating over multiple candidate sequences [5]. In [2], the coherent SSCH index detection using the estimated channel responses by a cell common PSCH and the cross-correlation OFDM symbol timing detection using a cell common PSCH are proposed. The cell common PSCH enables the cross-correlation method to be used for symbol timing estimation. In [3], coherent SSCH index detection using the estimated channel response by multiple cell common PSCH is proposed. The purpose of using multiple PSCH sequences is to improve the channel estimation accuracy in the synchronous system. In [4], the frequency multiplexed structure for SCH of each adjacent sector is proposed to mitigate the multi-cell interference.
This contribution proposes a basic SCH structure that incorporates advantages from multiple proposals. Additionally, an improved SCH sequence design is proposed to increase the number of indices provided by the SCH without incurring additional SCH overhead.
2. Basic SCH structure 

The proposed basic SCH structure consist of two SCH symbols, both of which are confined to the central 1.25 MHz of the channel bandwidth. The first SCH symbol is used for OFDM symbol timing estimation and frequency offset estimation, and possibly additional purposes as well. The first SCH symbol occupies every other sub-carrier in order to provide a time domain symmetric waveform. The second SCH symbol is used for informing partial or complete cell ID, and possibly other information as well. The second SCH symbol could occupy every sub-carrier, or possibly a fraction of the sub-carriers depending on the specific design. The code sequence of the SCH is based on the GCL sequence.
This SCH structure has several benefits: 
· The first SCH symbol occupying every other sub-carrier provides a time domain waveform symmetry to simplify initial synchronization by enabling the auto-correlation method. 
· The use of the auto-correlation method achieves a low-complexity receiver

· The auto-correlation method performs very well for the synchronous system 
· In designs where the first SCH symbol is a cell-common sequence (or one of a small number of possible sequences), the proposed structure will also support synchronization based on the cross-correlation (replica-based) method [2].

· In this case, the low-complexity autocorrelation-based method can be used to identify a small search region (in time) for the higher complexity cross-correlation based method.  The autocorrelation-based method reduces the complexity of the cross-correlation based method by reducing the size of the search window.
· The GCL sequence is beneficial because it provides good cross-correlation properties between cells.
· The GCL sequence index can be detected without correlating over multiple candidate sequences.
· The coherent index detection could be supported using the channel estimation results of the first SCH symbol
· Regarding the number of sub-carriers used in the second SCH symbol:

· All sub-carriers of the second SCH symbol can be utilized to maximize the number of indices provided by SCH 

· Or, a fraction of the sub-carriers could be used if the goal is to further mitigate the influence of other-cell interference in a synchronous system.  For example, the use of every third sub-carrier of the second SCH symbol could mitigate the influence adjacent cell interference if different sub-carrier sets are used in adjacent sectors [4].
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Figure 1 : Basic two-symbol SCH structure.
3. SCH sequence design enhancement 

In this section, the SCH sequence design suitable for the above SCH structure is proposed to increase the number of indices provided by the SCH without additional SCH overhead. The GCL sequence [1] is used as the starting point for the enhanced design. For background purposes, recall that the GCL sequence is given by:
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NG is the length of GCL sequence. The integer “u” is the sequence index. The available number of “u” is NG-1. The sequence index can be detected by the differential processing and IFFT without correlating over multiple candidates [5]. 
Next, the enhancement to the sequence design will be described. The enhancement basically involves modulating the GCL sequence by a complex exponential wave. A number of different wave frequencies are available, so the frequency of the modulating wave carries information in addition to the GCL sequence index.  If the exponential wave frequency is represented as v/Np, then the ideal received SCH symbol can be represented as 
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NP is the SCH symbol length. The integer “v” is the index of the complex exponential wave. The available number of “v” is less or equal NP. If the available number of “v” is M, (NG-1)*M unique indices can be provided. Note that the GCL sequence index detection method [5] can still be used with the enhanced SCH sequence design.  Basically, the GCL sequence index is detected first, followed by detection of the wave index v.
Note that if the number of indices provided by this SCH design is large enough, the reference signals are not required to be use to find the cell ID. However, the reference signals are still useful for verifying the detected cell ID, which could now be done with very low complexity, since only the single reference sequence corresponding to the already detected cell ID is utilized for the correlation processing.
3.1. Simulation conditions

In this section, simulations are presented to show the performance of the enhanced SCH sequence design of the previous section (GCL sequence modulated by a complex exponential wave). Table 1 shows common simulation parameters. The number of SCH symbols per frame is two. The first SCH symbol is utilized for the OFDM symbol timing detection and the frequency offset estimation. For the purpose of illustration, the cross-correlation method is used as the OFDM symbol timing detection method. The second SCH symbol provides the unique indices. This SCH symbol utilizes the proposed SCH sequence design. 
The frequency offset between Node-B and UE is ±5ppm. The inter-cell-interference is modeled by AWGN, which basically represents an asynchronous network (future simulations will consider synchronous interfering cells). 

Table 2 shows the first SCH symbol parameters. The first SCH symbol uses even numbered sub-carriers. It enables both the auto-correlation method and cross-correlation method. Table 3 shows the second SCH symbol parameters. In order to investigate the tradeoff between the number of indices provided and interference mitigation, two cases are simulated. The Case1 uses every sub-carriers of the second SCH symbol to increase the number of indices provided by SCH. The Case2 uses a comb of every third sub-carrier of the second SCH symbol (adjacent sectors are assumed to use a different comb offset). The total number of indices provided by SCH is 512 for Case1, and 234 for Case2. 
Depending of the overall SCH design and complexity considerations, the index detection method could be the coherent detection method using the estimated channel responses by the first SCH symbol, or the non-coherent detection method based on differential processing. In this simulation, the non-coherent detection method is used from the view of low-complexity.
Table 1 : Common simulation parameters
	Number of sub-carriers
	75

	Sub-carrier spacing
	15 kHz

	SCH bandwidth / SCH occupied bandwidth
	1.25 MHz / 1.125Hz

	Number of OFDM symbols per frame
	140

	Carrier frequency
	2 GHz

	Number of SCH symbols per radio frame
	2

	Code sequence for SCH
	GCL sequence

	Number of averaged SCH symbol for timing detection
	1

	Number of averaged SCH symbol for index detection
	1

	Number of TX/RX antennas
	1/2

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

	Channel model
	6-path GSM Typical Urban

	Vehicle speed
	3km/h

	Inter-cell-interference model
	AWGN


Table 2 : First SCH symbol parameters
	Number of occupied sub-carriers
	38

	Prime number of GCL sequence
	41


Table 3 : Second SCH symbol parameters
	
	Case1
	Case2

	Number of occupied sub-carriers
	75
	25

	Prime number of GCL sequence
	79
	29

	Number of indices provided by GCL sequence index
	64
	26

	Number of indices provided by complex exponential wave index
	8
	3

	Total number of indices provided by SCH
	512 (64x8x1)
	234 (26x3x3)


3.2. Simulation results

The SCH design is evaluated in terms of the cell search time performance. The cell search time performance at each index detection probability is derived from the second SCH index detection error rate (RIND). RIND is the ratio of the number of undesired index detection to total simulation trial number. The index detection probability is expressed by 1-(RIND)n. The integer “n” is the number of the cell search trial. In this document, it is assumed that one cell search trial uses 20ms because the OFDM timing detection and the SCH index detection use one radio frame each. Therefore, the cell search time is given by 20*n [ms] at each index detection probability.
Figure 2 shows the cell search time performances. SINR in the figure means signal to noise and interference power ratio in the SCH occupied band. The solid line shows the cell search time performance using the GCL sequence multiplexed by the complex exponential wave. The dotted line shows the cell search time performance that would be obtained with only a GCL sequence (i.e., without the use of the exponential wave). These simulation results shows the GCL sequence multiplexed by the complex exponential wave increases the number of indices provided by SCH with minimal cell search performance degradation and no increase in overhead. Although the number of indices provided by SCH of the Case2 is smaller than that of the Case1, the cell search time performance of the Case2 is better than that of the Case1 at low SINR. The reason is that SINR per occupied sub-carrier of the Case2 is larger than that of the Case1 (the power of each occupied sub-carrier is three times higher in Case2, while the interference is modeled as flat AWGN in this asynchronous scenario – the synchronous case will be investigated in the future).
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(a) case1
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(b) case2


Figure 2 : cell search time performances
4. Conclusions

In this contribution, the basic two-symbol SCH structure that is flexible to incorporate advantages from multiple proposals is shown. Additionally, an enhanced SCH sequence design is proposed to increase the number of indices provided by the SCH without additional SCH overhead. The enhanced SCH sequence design consists of GCL sequences modulated by complex exponential waves to provide more indices than could be provided by the GCL sequences alone. This proposed SCH design was evaluated in terms of the cell search time under an asynchronous (AWGN) interference assumption. In the future contribution, additional design options for the basic two-symbol structure will be investigated and the performance will also be evaluated for the case of synchronized cells. 
5. References

[1] B.M. Popovic, “Generalized Chirp-like Polyphase Sequences with Optimal Correlation Properties,” IEEE Trans. Info. Theory, vol. 38, pp. 1406-1409, July 1992
[2] R1-061187, “Comparison on Cell Search Time Performance between SCH-Replica Based and Auto-Correlation Based Detections in E-UTRA Downlink”, NTT DoCoMo, Fujitsu, Mitsubishi Electric, NEC, Panasonic, Toshiba Corporation, RAN WG1 #45, Shanghai, China,  8 – 12 May, 2006
[3] R1-061437, “Performance of Timing Acquisition and Cell Specific Info Detection in Tightly Synchronized Network for E-UTRA”, Texas Instruments, RAN WG1 #45, Shanghai, China,  8 – 12 May, 2006
[4] R1-061140, “Consideration on Multi-call Interference for SCH Design in Cell Search and TP”, SHRCWC, RITT, RAN WG1 #45, Shanghai, China,  8 – 12 May, 2006
[5] R1-051329, “Cell Search and Initial Acquisition for OFDM Downlink”, Motorola, RAN WG1 #43, Seoul, Korea, 7 – 11 November, 2005










































































































































































































































































































































- 6/6 -

