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1 Introduction

In the Athens meeting, a joint text proposal on the principle of the synchronization channel (SCH) structure and cell search method for multiple transmission bandwidths has been approved[1,2]. In this contribution, more detailed SCH structure and cell search method for EUTRA TDD frame structure of approach 1 in section 6.2 [1] has been proposed. 
2 The frame structure of EUTRA TDD and design of downlink synchronization time slot

For convenience, the frame structure of approach 1 in section 6.2 of [1] is shown in Figure 1.
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Figure1　Frame Structure of one pair of switching points between DL and UL traffic timeslot

As mention in the [1] and [2], for the frame structure of figure 1, the SCH is transmitted in downlink special time slot DwPTS, and the BCH is transmitted in the TS0 timeslot, for every 5-msec radio sub-frame.
For TDD system with frame structure shown in Figure 1, the synchronization access channel SCH in placed in DwPTS, mainly used for initial timing synchronization and frequency offset calibration of cell search procedure. All the cells in the system transmit the same synchronization signal in the SCH. Cell ID is obtained through the reference symbols in TS0 timeslot, and no additional Secondary SCH is needed for this purpose.
To facilitate the cell search procedure for cells with different bandwidths, the SCH is transmitted within 1.25MHz bandwidth [1, 2]. The time domain design of SCH is shown in Figure 2. In Figure 2, the P-SCH channel is constructed with one OFDM symbol.
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Figure 2 Construction of P-SCH channel within DwPTS timeslot

According to reference [3] and [4], the reference symbols of SCH can be placed on every other sub-carrier in frequency domain, so in time domain it forms a repetitive signal, as shown in Figure 3 proposed by [3].
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Figure 3 Example of synchronization symbol generation (cyclic prefix not shown)

The purpose of time-domain repetitive design of SCH is to shorten the time of cell search. When one OFDM symbol is repetitive in the time domain, time-domain auto-correlation based detection method can be used to identify the coarse time position of SCH to realize fast cell search procedure. 
3 Cell search procedure for EUTRA TDD

According to the design described in Section 2, UE can utilize the following procedure to realize cell search. This procedure enables the fast initial synchronization with the EUTRA TDD system and the reception of system broadcast information. The cell search procedure is shown in figure 4.
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Figure 4 the cell search procedure of EUTRA TDD system

Step 1, coarse time synchronization

The step1 of cell search procedure for the initial synchronization is coarse time synchronization using the OFDM symbol of SCH. For all the cells of EUTRA TDD system, the same OFDM symbol is sent in SCH. 

When UE starts cell search, the coarse time synchronization can be divided into two stages:

First, UE performs coarse time synchronization with the received OFDM symbol of SCH. As the construction shown in figure, this OFDM symbol is symmetric in time domain, and time domain coarse synchronization can be realized with differential correlation method by the two identical half OFDM symbol.
Second, from the previous operation, UE can obtain coarse position of SCH from simple processing. In order to obtain more accurate time synchronization information, time domain correlation method (cross-correlation based timing detection) with coarse time synchronization information of stage 1 can be used. Because the UE knows the OFDM symbol sent in SCH, by performing replica correlation between known OFDM sequence and received sequence whose coarse synchronization timing is already obtained by auto-correlation based correlation, higher synchronization precision can be achieved[7,8].

Step 2, coarse frequency error correction

This step performs coarse frequency error correction on the OFDM symbol of SCH channel based on the result of step 1. Because of the time domain repetitive character of this OFDM symbol (as shown in figure 3), if frequency error exists there will be phase offset between the first half and the second half parts of the received OFDM symbol. Preliminary frequency error (i.e. the frequency offset between UE oscillator and system clock) correction can be performed with this phase offset to reduce the frequency difference. The OFDM symbol has a relatively short duration, so the precision of this frequency error estimation is limited.

Step 3, fine frequency error correction

Though reduced in Step 2, the frequency difference between UE and system will still have a relatively large impact on the reception and demodulation performance of UE. Additional correction is needed to improve performance. The precision of frequency error correction is limited because of the relatively short duration of the OFDM symbol in SCH. So in this step, pilot symbols in TS0 will be used to achieve higher precision. 

Step 4, fine time synchronization adjustment

After step 3, UE can achieve a small frequency offset with the system, and receive the data with this small offset. For systems with different bandwidths, UE may choose the reference symbols within the central 1.25MHz for fine time synchronization adjustment. UE uses FFT to transform received data to frequency domain, and obtain time synchronization in frequency domain with correlation operation performed cell ID sequence detection. In this way the time synchronization precision can be further improved.

Step 5, find cell ID

The cell ID is related to the first reference symbols within the central 1.25MHz of TS0. The UE can find cell ID from pilot sequence received in step 4. Different cells use difference pilot sequence, which is implemented with PN code. Cell ID cam be found by judging the PN code of received pilot sequence. More cell-specific information may be obtained by the reference symbol, the details is FFS.

Step 6, read cell system broadcast information

After time synchronization and frequency error correction, UE will be able to read system broadcast information. Basic system information can be broadcasted through the central 1.25MHz or 5MHz band when the transmit bandwidth is more than 5MHz. UE can obtain basic system configuration information, for example system bandwidth, etc, and finish the cell search process.

4 Simulation results

In this section, some simulation results are given according to the procedure of cell search for initial synchronization, which is proposed above. When repetitive structure is used for SCH, the length of CP will have an impact on the synchronization precision. The longer the CP length, the larger impact of CP length on auto-correlation operation, and the worse synchronization performance would be. On the other hand, longer CP can improve the cell search performance for cell edge users.
The simulation assumes the CP length of the OFDM symbol in SCH is 16.67us/32samples. To evaluate the synchronization performance of repetitive-structured SCH in step 1 of figure 4, different time synchronization precision ranges are used. As shown in Figure 5, the probabilities of successful synchronization detection are simulated assuming residual synchronization error ranges within 
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[image: image18.wmf]±


Figure 5 residual synchronization errors within 
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Table 1 lists the simulation assumptions as following.

Table 1 Simulation Assumptions
	Parameter
	Assumption

	Channel Model
	TU，6 taps，2GHz center frequency

	Data Bandwidth
	5 MHz

	SCH Bandwidth
	1.25 MHz

	Number of Tx/Rx antennas
	1/1

	Carrier frequency offset
	5kHz

	Downlink time slot 
	TS0

	Subcarriers used for SCH
	76

	Cyclic prefix
	16.67us/32samples

	Averaging length 
	5 SCH symbols (25ms)

	Mobility speed
	3km/h, 120km/h, 350km/h

	Detection Window Length
	128+12=140 samples


In Figure 6, synchronization detection performance is given for auto-correlation based detection method when mobile speed is 120Km/h. From Figure 6 it can be found that the probability of successful detection of auto-correlation based detection method is heavily influenced by synchronization precision required, considering CP length and the length of OFDM symbol. The less synchronization precision is required (i.e. detected timing varies in a larger range compared to actual timing), the better detection performance can be achieved. For example, when SNR is 1dB, the probability of successful detection is 88% for the
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16 samples case, while for the
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4 samples case the probability drops to only 20%. 
In order to further improve synchronization detection performance, two-step detection method as described in Step 1 of Figure 4 can be used: first identify the coarse range for detection by auto-correlation based detection method, then use cross-correlation based detection to improve precision. The CP center point obtained by auto-correlation based detection is used as datum mark, and then cross-correlation is executed on the received data within 
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32 samples. The result is illustrated in Figure 7. It can be found that when SNR is larger than -2dB, the probability of successful detection is greatly improved to almost 100% for the 
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4 samples case.
Though simulation results for 3km/h and 350km/h cases are not given here, they are similar with the 120km/h case.
Conclusion: for SCH with repetitive structure, two-step detection method can improve the performance of timing detection for the cell search procedure, which has the advantages of the lower computational complexity and shorter search time. 
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Figure 6 the performances of auto-correlation based timing detection for cell search 

[image: image16.emf]-8 -6 -4 -2 0 2 4

65

70

75

80

85

90

95

100

TU-6path 120Km/h CFO = 5000Hz

SNR(dB)

detection probility

cross-correlation  range = ±4

cross-correlation  range = ±8

cross-correlation  range = ±16


Figure 7 the performances of auto-correlation based + cross-correlation based timing detection for cell search

5 Conclusion

In this contribution, downlink synchronization channel SCH for cell search is designed aiming at the characteristic of EUTRA TDD system frame structure (Approach 1). According to the designed SCH channel, cell search procedure for EUTRA TDD system is proposed. From the simulation results it can be seen that this scheme can achieve fast UE cell synchronization, thus help to complete cell search procedure.
Text proposal for TR 25.814

---------------------------------Start of Text Proposal--------------------------------------------
7.1.2.4.5.1 Hierarchical SCH
In the hierarchical SCH, two or three signals are used for synchronisation acquisition and determining the cell ID and possibly other relevant information for the cell or network as mentioned in 7.1.2.4.1. A primary SCH, using the same OFDM waveform in all cells or a small set of OFDM waveforms with each cell using one of the OFDM waveforms, is used for SCH symbol timing and frequency acquisition. A secondary SCH, using a cell specific OFDM waveform, may be used for determining the cell group ID, full cell ID or other relevant information. If secondary SCH carries just cell group ID, not full cell ID, the cell specific common reference symbols can be used for determining the full cell ID. In case no secondary SCH is specified, the reference symbols specify the full cell ID.
For E-UTRA TDD, a frame structure is supported with the intention of providing co-existence with LCR UTRA TDD described in section 6.2.1.1. The primary SCH signal structure for this frame structure is described as follows.

The construction of P-SCH channel is shown in Figure7.1.2.4.5.1.x.
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Figure 7.1.2.4.5.1.x Construction of P-SCH channel within DwPTS special timeslot
In Figure 7.1.2.4.5.1.x, the primary SCH channel is composed of one OFDM symbol. The OFDM symbol of primary SCH is placed on every other sub-carrier in frequency domain, so in time domain it has a repetitive structure. All cells use the same OFDM waveform for primary SCH symbol timing and frequency acquisition. The reference symbols of TS0 timeslot specify the cell ID and may also be used for further frequency offset correction.
---------------------------------End of Text Proposal---------------------------------------------
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