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1. Introduction

Initial cell search and system acquisition for E-UTRA is still an open issue for discussion and decision. The requirements for this topic have been addressed in the previous contributions [1-2]. The primary requirements are summarized below:

· The objectives of initial cell search are symbol/sub-frame/frame boundary detection, frequency offset estimation, bandwidth/cyclic prefix detection, cell group identification, acquiring the system information.

· A common and dedicated synchronization is required for both initial and neighboring cell search.

· The synchronization channel (SCH) must be available for the terminal with different bandwidth handling capabilities, i.e. 1.25 MHz to 20 MHz. Therefore, a commonly suggested bandwidth of SCH is 1.25 MHz. Furthermore, the SCH is transmitted in the central part of the system bandwidth.

· To support both long and short cyclic prefix (CP) structure, the SCH is proposed to be put at the last symbol of one sub-frame.

· A small number of synchronization symbols per frame are required to minimize the overhead. The synchronization symbols are also required to be transmitted periodically for neighboring cells monitoring. 

Based on these requirements, we propose the three-step initial cell search architecture for E-UTRA. Computer simulations are conducted to evaluate and compare the performance of the proposed scheme with different FFT sizes and in different channel conditions. A text proposal for the initial cell search is also presented.

2. Three-Step Initial Cell Search

2.1. Frame structure

The proposed frame structure is shown in Fig. 1. Four SCH symbols are multiplexed in every 10 ms frame [3]. The first and second SCH symbols are mapped in the 10th sub-frame. The third and the fourth SCH symbols are mapped in the 20th sub-frame.

2.2. Sub-frame structure

The proposed sub-frame structure with SCH symbols is shown in Fig. 1. Two SCH symbols are mapped to the last two OFDM symbols [4]. The first SCH symbol is used for signal detection. The second SCH symbol is used for symbol and sub-frame timing detection.
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Figure 1 – Frame, sub-frame, and synchronization channel structure for three-step initial cell search in E-UTRA.
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Figure 2 – Flow chart of the proposed three-step initial cell search in E-UTRA.
2.3. Synchronization channel structure

The synchronization channel structure is shown in Fig. 1. Two kinds of synchronization channel structure are proposed. For the first SCH symbol, only the even numbered sub-carriers of OFDM symbol are utilized for synchronization channel. Therefore, the time domain symmetry characteristics could be used for signal detection. Furthermore, simple delay-and-correlate operation could be applied for reducing power consumption. For the second SCH symbol, all the useful sub-carriers are utilized for synchronization. Therefore, the boundary could be detected accurately by the use of the matched filter. We also suggest using the Generalized Chirp Like (GCL) sequence [5-6] as the code sequence of the synchronization channel.

2.4. Three-step initial cell search procedure

The flow chart of the proposed three-step initial cell search procedure [7-8] is shown in Fig. 2. In the first step, energy of the input signal is measured continuously to determine the threshold of the signal detection. The purpose of the signal detection is to detect the arrival of the SCH. The simple delay-and-correlate scheme could be utilized without consuming too much power. If the output of the delay-and-correlate block is larger than the dynamic threshold, the arrival of the SCH is detected and we continue to acquiring the timing information. The output of the signal detection could also be used for automatic gain control (AGC).

In the second step, the symbol timing is recovered by matching the input signal with the known SCH sequence in the time domain. It is noted that the periodicity of the 1st and 3rd SCHs are not suitable for matched filter operation. Therefore, we propose to utilize all the useful sub-carriers for synchronization, as shown in Fig. 1. An observation window is defined and the location with the maximum correlation is chosen as the symbol boundary. The length of the observation window is an implementation issue. The length of CP is determined after the symbol timing recovery. The frequency offset is estimated using the periodicity of the first SCH sequence in the time domain. Since two consecutive SCHs are allocated at the last two OFDM symbols of the 10th and 20th sub-frame, the sub-frame and frame boundaries are also determined.

In the third step, the cell ID is identified uniquely using the GCL sequence [5-6]. The combination of two consecutive GCL sequence within the SCHs is employed for cell ID identification. For 128-point FFT, there will be 4465 (47x95) cell IDs. It is noted that the 1st and 2nd GCL sequences are common to all cells. Therefore, it could be matched by the receivers for initial cell search and neighboring cells search. On the other hand, the cell ID is embedded within the 3rd and 4th GCL sequence. Finally, the broadcast system information is obtained by reading the broadcast channel (BCH).

3. Simulation Parameters
Table 1 lists the simulation parameters assumed in this contribution [9-10]. As mentioned in the summarized requirements for the cell search, the SCH is assumed to be 1.25 MHz and located at the central part of system spectrum. Both 5 MHz and 1.25 MHz system bandwidths are considered in our simulation to compare the performance of the terminals with different capability. The useful number of sub-carriers within one OFDM symbol is assumed to be 3/4 of the total number of sub-carriers. This assumption is used according to the IEEE 802.11a/g wireless local area network (WLAN) system. The channel model utilized in our simulation is based on GSM typical urban channel model with 3 different Doppler frequencies (5.55, 55.5, 222 Hz).

Table 1 – Simulation parameters
	Types
	Value

	System bandwidth
	5 / 1.25 MHz

	SCH bandwidth
	1.25 MHz

	FFT points
	512 / 128

	CP length
	1/8 FFT points

	Useful sub-carriers
	384 / 96

	Frequency offset
	0 ppm

	Code sequence for SCH
	GCL Sequence

	Frame length
	10 ms

	Sub-frame length
	0.5 ms

	Sub-carrier spacing
	15 KHz

	Channel model
	Typical Urban with 6 taps


4. Simulation Results

Figures 3 (a)-(d) show the simulation results of the first step signal detection probability of the proposed initial cell search in step 1. Fig. 3 (a) shows the simulation results in additive white Gaussian noise (AWGN) channel. Fig. 3 (b)-(d) show the simulation results in typical urban channels with 5.6, 55.6, and 222 Hz Doppler frequency, respectively. In order to compare the performance of the terminals with different reception capability, we simulate both the systems with 1.25 and 5 MHz bandwidths. The time domain symmetry characteristic is employed for signal detection. The arrival of the SCH is declared if the delay-and-correlate value is greater than the threshold, which is calculated from the energy of the input signal. Therefore, the threshold is adaptive and the signal detection is not affected by the input signal level. The detected instant is always located within the 1st SCH in the 10th sub-frame or the 3rd SCH in the 20th sub-frame. It is shown in Fig. 3 (a) that the system with 5 MHz bandwidth is about 10 dB better than the one with 1.25 MHz bandwidth in AWGN channel. The detection probability of the system with 5 MHz bandwidth is 1 when the signal-to-noise ratio (SNR) is above -9 dB.  The detection probability of the system with 1.25 MHz bandwidth is 1 when the SNR is above 1 dB. In the typical urban channels, the system with 5 MHz bandwidth is about 7 dB better than the one with 1.25 MHz bandwidth, as shown in Fig. 3 (b)-(d).  The detection probability of the system with 5 MHz bandwidth is 1 when the SNR is above -2 dB.  The detection probability of the system with 1.25 MHz bandwidth is 1 when the SNR is above 5 dB. The detection probability is decreased with respect to higher Doppler frequency.
Figures 4 (a)-(d) show the simulation results of the second step timing detection probability of the proposed initial cell search in step 2. Fig. 4 (a) shows the simulation results in AWGN channel. Fig. 4 (b)-(d) show the simulation results in typical urban channels with 5.6, 55.6, and 222 Hz Doppler frequency, respectively. In the second step, the symbol timing is recovered by matching the input signal with the known SCH sequence in the time domain. An observation window is defined and the location with the maximum correlation is chosen as the symbol boundary. In our simulation, the length of the observation window is set to be the length of 2 SCH symbols. In typical urban channel, the first arrival multipath is not necessary the strongest one. Therefore, the successful detection timing is defined to be within ±CP length of the correct timing. It is shown in Fig. 4 (a) that the system with 5 MHz bandwidth is about 5 dB better than the one with 1.25 MHz bandwidth in AWGN channel. The detection probability of the system with 5 MHz bandwidth is 1 when the SNR is above -15 dB. The detection probability of the system with 1.25 MHz bandwidth is 1 when the SNR is above -10 dB. In the typical urban channels, the system with 5 MHz bandwidth is about 3 dB better than the one with 1.25 MHz bandwidth, as shown in Fig. 4 (b)-(d).  The detection probability of the system with 5 MHz bandwidth is 1 when the SNR is above -8 dB.  The detection probability of the system with 1.25 MHz bandwidth is 1 when the SNR is above -5 dB. The effect of Doppler frequency on timing detection probability is little.
Figures 5 (a)-(d) show the simulation results of the third step cell ID identification probability of the proposed initial cell search in step 3. Fig. 5 (a) shows the simulation results in AWGN channel. Fig. 5 (b)-(d) show the simulation results in typical urban channels with 5.6, 55.6, and 222 Hz Doppler frequency, respectively. The cell ID is identified uniquely by the use of differential encoder or phase differentiator [5-6]. It is shown in 5 (a) that the system with 5 MHz bandwidth is about 3 dB better than the one with 1.25 MHz bandwidth in AWGN channel. The detection probability of the system with 5 MHz bandwidth is 1 when the SNR is above -10 dB. The detection probability of the system with 1.25 MHz bandwidth is 1 when the SNR is above -7 dB. In the typical urban channels, the system with 5 MHz bandwidth is about 3 dB better than the one with 1.25 MHz bandwidth, as shown in Fig. 5 (b)-(d).  The detection probability of the system with 5 MHz bandwidth is 1 when the SNR is above -5 dB.  The detection probability of the system with 1.25 MHz bandwidth is 1 when the SNR is above -2 dB. The effect of Doppler frequency on timing detection probability is little.
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(a) AWGN                                                    (b)  fD = 5.6 Hz
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(c) fD = 55.6 Hz                                                    (d)  fD = 222 Hz

Figure 3 – Signal detection (step 1) probability of the proposed initial cell search structure in AWGN and TU channels with 3 different Doppler frequencies. 
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(a) AWGN                                                    (b)  fD = 5.6 Hz
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(c)  fD = 55.6 Hz                                                    (d)  fD = 222 Hz

Figure 4 – Timing detection (step 2) probability of the proposed initial cell search structure in AWGN and TU channels with 3 different Doppler frequencies. 
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(a) AWGN                                                    (b)  fD = 5.6 Hz
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(c)  fD = 55.6 Hz                                                (d)  fD = 222 Hz

Figure 5 – Cell ID identification (step 3) probability of the proposed initial cell search structure in AWGN and TU channels with 3 different Doppler frequencies. 

.

5. Conclusion

This contribution proposes a three-step initial cell search and system acquisition for E-UTRA. Four SCH symbols are multiplexed in every 10 ms frame. The first and second SCH symbols are mapped in the 10th sub-frame. The third and the fourth SCH symbols are mapped in the 20th sub-frame. The first SCH symbol is used for signal detection. The second SCH symbol is used for symbol and sub-frame timing detection. The 1st and 2nd SCH symbols are common to all cells. Therefore, it could be matched by the receivers for initial cell search and neighboring cells search. On the other hand, the cell ID is embedded within the 3rd and 4th GCL sequence. Two kinds of synchronization channel structure are proposed for signal detection and timing recovery. We also suggest using the GCL sequence as the code sequence of the SCH. Based on the proposed frame structure, we present the three-step initial cell search procedure. Computer simulations are conducted to evaluate and compare the performance of the proposed scheme with different FFT sizes and in different channel conditions. A text proposal for the initial cell search is also presented.
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------------------------------------------- Start of Text Proposal -----------------------------------------------------

7.2.2.4.5.2
Non-hierarchical SCH

In the non-hierarchical SCH, the SCH consists of one or more cell-specific OFDM waveforms. A cell-specific OFDM waveform can be obtained by IDFT either of a complete cell-specific sequence or certain portion of a cell-specific sequence, where the sequence elements are used as the Fourier coefficients at the occupied sub-carrier frequencies. The occupied sub-carrier frequencies may be different on the different OFDM waveforms. The cell-specific sequence may indicate cell ID or cell group ID. Each OFDM waveform is preceded by a cyclic prefix. One or more cell-specific OFDM waveforms are characterized by an exactly or approximately symmetric (centrally symmetric or periodic) shape of their magnitudes at least in those parts of the SCH intended to be used both for the synchronization acquisition and the cell ID/cell group ID information transmission..
Figure 7.1.2.4.5.2-1 shows one possible non-hierarchical SCH structure. Four SCH symbols are multiplexed in every 10 ms frame. The first and second SCH symbols are mapped in the 10th sub-frame. The third and the fourth SCH symbols are mapped in the 20th sub-frame. Two SCH symbols are mapped to the last two OFDM symbols. The first SCH symbol is used for signal detection. The second SCH symbol is used for symbol and sub-frame timing detection. Two kinds of synchronization channel structure are proposed. For the first SCH symbol, only the even numbered sub-carriers of OFDM symbol are utilized for synchronization channel. Therefore, the time domain symmetry characteristics could be used for signal detection. Furthermore, simple delay-and-correlate operation could be applied for reducing power consumption. For the second SCH symbol, all the useful sub-carriers are utilized for synchronization. Therefore, the boundary could be detected accurately by the use of the matched filter. We also suggest using the Generalized Chirp Like (GCL) sequence as the code sequence of the synchronization channel. It is noted that the 1st and 2nd GCL sequences are common to all cells. Therefore, it could be matched by the receivers for initial cell search and neighboring cells search. On the other hand, the cell ID is embedded within the 3rd and 4th GCL sequence. Finally, the broadcast system information is obtained by reading the broadcast channel (BCH).
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Figure 7.1.2.4.5-1 – Frame, sub-frame, and synchronization channel structure for three-step initial cell search in E-UTRA.

------------------------------------------- End of Text Proposal -----------------------------------------------------
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