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1 Introduction
In [1], it is specified that SCH must be received without a priori knowledge of the number of transmit antennas of the cell. Thus, transmit diversity methods that do not require knowledge of the number of transmit antennas can be consider for the SCH. The candidates include time switched transmit diversity (TSTD) and frequency switched transmit diversity (FSTD). But cyclic delay diversity (CDD) is excluded from the candidates in the RAN#1 meeting 46.
The time switched transmit diversity (TSTD) is proposed as it is demonstrated that TSTD outperforms FSTD in [2].The frequency switched transmit diversity (FSTD) is recommended as it is noticed that FSTD scheme outperforms the TSTD scheme in the prospective of access time and detection error ratio in [5].
In this contribution, simulation results are presented to compare the performance of several candidates of transmit diversity scheme for SCH. The SCH structure follows the design in [7] where the 2x repetitive structure in time domain is proposed. The conclusion drawn from the simulations is that the TSTD scheme should be considered as the most promising transmit diversity scheme for SCH.
2 Transmit diversity schemes for SCH EUTRA
The discussion in this contribution only focus on two transmit antennas but it can be easily extended to the scenarios where transmit antennas are more than two. The transmit diversity schemes of SCH are given in Figure1~3. In each figure, NTXA=1 means the case that the number of transmit antenna is 1 and NTXA=2 means the case that the number of transmit antenna is 2. The SCH time domain structure and frequency domain structure are shown in [7]. The SCH is a cell-common OFDM symbol, or, it includes N synchronization codes which denote the different cell group ID. 
Figure1 shows the transmit diversity scheme of TSTD, where SCH symbol is transmitted alternately across each transmit antenna. For TSTD and Non-TD (NTXA=1) schemes; only one correlation is completed.
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Figure1 time switched transmit diversity

Figure 2 shows the transmit diversity scheme of FSTD, where the sub-carriers are transmitted alternately in frequency domain. For FSTD, two sequences from 2 transmit antennas should be used separately to perform correlations and then the timing detection is dependent on the combination of the two correlation. If only one correlation is used for FSTD involving all the valid sub-carriers as the TSTD and CDD, the performance will be degradation because of the independent channel for the different transmit antennas.
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Figure2 frequency switched transmit diversity

3 Simulation results
In this section, some simulation results are given according to the procedure of cell search for initial synchronization, which is proposed as in [8]. To compare the performance of different transmit diversity schemes, this contribution is focused on finer SCH timing by cross-correlation the SCH sequence in time domain assuming the coarse timing by auto-correlation is exact. The timing detection probability is defined as the number of timing dropped into the error tolerance zone over the total simulation number, and the timing error tolerance zone is set to 2 samples(±1 sample). The SNR is defined as the measured average sub-carrier SNR at receiver in frequency domain on the SCH symbols. Because SCH pilot is mapped onto the even numbered sub-carriers of the synchronization symbol, the power of occupied tones is higher than average power by 3dB.
For CDD, three values of cyclic delay D simulated are 2, 4 and 64.
Table 1 lists the additional simulation assumptions.

Table 1 Simulation Assumptions
	Parameter
	Assumptions

	Channel Model
	TU，6 taps，2GHz center frequency

	No. of SCH per radio frame(10 ms)
	2

	SCH Bandwidth
	1.25 MHz

	FFT length
	128

	Sampling frequency
	1.92MHz

	Number of Tx/Rx antennas
	2/2

	Carrier frequency offset
	0kHz

	Subcarriers used for SCH
	76

	Cyclic prefix
	16.67us/32samples

	Averaging length 
	4 SCH (20ms)

	Mobility speed
	3Km/h,120Km/h

	Detection Window 
	64 samples

	Simulation at each SNR
	10000


Figure4, Figure5 and Figure6 contains the plots of different transmit diversity schemes respectively.
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Figure 4. the performances of TSTD at 3Km/h 

Figure 4 shows the performance of TSTD at speed of 3Km/h. Comparing TSTD and Non-TD schemes, as the same SCH detection procedure is applied, the TSTD can achieve a gain of detection probability by 5%. 
[image: image4.png]timing detection probabilty

TU-Bpath 3Kim/h, FSTD,1.25M system,1.25M SCHNTXA=2 NRXA=2,4 SCH
1

09

08

% FSTD ane corelation,
~&- FSTD two correlations
—+ Non TD(NTXA=1)

02

01





Figure 5. the performances of FSTD at 3Km/h 

Figure 5 shows the performance of FSTD at speed of 3Km/h. FSTD with two correlations method outperforms FSTD with one correlations method by 15% at high SNRs. But the performance of FSTD scheme is worse than that of the Non-TD.
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Figure 6. the performances of Transmit Diversity Schemes at 3Km/h

As shown in Fig.6, the probabilities of successful timing detection are compared among the three transmit diversity schemes and non-transmit diversity. The CDD scheme has a poor performance even far less than the case of non-diversity because the CDD introduces other strong path in the time domain which results in some confusion in determining the correct timing. FSTD is worse than the Non-TD, because the tones from different antenna experience independent channel fade. TSTD scheme has the best performance than other schemes. For example, when SNR is -10dB, the probability of successful detection of 4 SCH is 95 % for TSTD, while for other schemes the probabilities are less than 90%. 

[image: image6.png]timing detection probabilty

09

08

07

06

05

04

03

02

01

0
8 4 a4z a0 8 B 4 2 [i]

TU-Bpath 120Kr/h, 1 25M systern, 1 25M SCH,NTXA=2,NRXA=2.4 SCH
Tt
—— 151D

—+ Non TD(NTXA=1)





Figure 7.  The performances of transmit diversity schemes at higher speed
As shown in Fig.7, when UE speeds at 120Km/h, there are little difference between the timing detection probability of non-diversity and that of TSTD. It is shown that transmit diversity for SCH has little effect on downlink synchronization.
4 Conclusion
In this contribution, the performance of TSTD and FSTD for SCH has been analyzed. From the simulation results two conclusions can be drawn:

· TSTD outperform FSTD in the timing detection probability at low speed.

· Transmit diversity for SCH may provide gain when UE is moving at low speed, but little gain at higher speed.

So we propose TSTD should be considered as the most promising transmit diversity scheme for SCH.
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