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1 Introduction

At the Tallinn meeting, the frequency-switching transmit diversity (FSTD), the precoding vector switching (PVS), and the time-switching transmit diversity (TSTD) have been chosen as candidate diversity schemes for downlink synchronization channel (SCH). In this contribution, we compare initial cell search performance of the three diversity schemes under multi-cell environments.
2 Diversity schemes for SCH
The main features of the three candidate schemes are listed below.
· FSTD [1]
· High diversity gain regardless of the number of SCH symbols within one frame.
· Two correlators are needed at the UE for the acquisition of OFDM symbol timing while both PVS and TSTD require only one correlator.
· Relatively poor channel estimation for S-SCH and BCH, due to relatively large subcarrier spacing for each antenna in P-SCH, which may degrade the coherent detection of S-SCH using P-SCH and the demodulation of BCH using channel estimates from SCH.
· PVS [2]
· Beamforming gain: The instantaneous SNR for a certain UE can be higher than the average SNR when the precoding vector switching matches the UE’s channel vector. Especially at low SNRs, this feature enables PVS to outperform FSTD and TSTD that mitigate the SNR variations at the UE.

· The diversity gain depends on the number of SCH symbols within the frame.
· TSTD [3] 
· Compared with PVS, diversity gain can be achieved with a relatively small number of SCH symbols within the frame.

· The average SIR for SCH is 3 dB smaller than FSTD and PVS in the asynchronous network.
3 SCH structures
In this contribution, two SCH structures with a different number of SCH symbols are considered (See Fig. 1). One uses five S-SCH symbols within the frame, and the other uses only one S-SCH symbol. 

In the five S-SCH symbol case, the P-SCH and S-SCH are frequency-multiplexed, and five OFDM symbols are used for SCH transmission in one radio frame. The PVS and TSTD require only one sequence for P-SCH, which are located at every other subcarriers. The FSTD requires two sequences for P-SCH and  each P-SCH sequence occupies every fourth subcarriers. The comma free code technique [3] is applied for the mapping of S-SCH sequences to the five OFDM symbols. The number of cell IDs is 512.
In the one S-SCH symbol case, the P-SCH and S-SCH are time-multiplexed and two OFDM symbols are used for SCH transmission in one radio frame. For PVS and TSTD, the P-SCH is located at every other subcarriers. For FSTD, every subcarrier contains P-SCH sequences and each of the two P-SCH sequences is located at every other subcarriers. In this case, since the channel estimation is done separately for the two Tx antennas, the subcarrier spacing for channel estimation is the same as the PVS. However, the channel estimation performance would be degraded because the power level of the subcarrier is half compared with the PVS. The number of cell IDs is 512.
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Figure 1. The SCH structures
4 Simulation results

The initial search time of the three diversity schemes is compared through system-level simulations. The simulation scenario Case 3 in TR 25.814 is considered. The system simulation parameters including some simulation assumptions are listed in Table 1. The SCH power is controlled such that the per-antenna SCH power is the same as the per-antenna data channel power within the SCH transmission bandwidth.
Table 1 shows the basic cell search parameters. In the simulations, only one sequence which is common to all cells is used for P-SCH. For PVS, five precoding vectors are used for the five S-SCH symbol case and four precoding vectors for the one S-SCH symbol case.
Table 2 shows the multi-cell simulation parameters. For the synchronized network, the time delays between cells are assumed to be zero. The UE position is randomly selected with a uniform distribution. In the simulations, the average received power from each cell is calculated, and the cell search process is considered to be successful if the UE detects a cell whose averaged power is within 6 dB from the maximum average power.









Table 1. Cell search parameters
	Frequency offset
	0 Hz

	Number of cell IDs 
	512

	Number of sequences for P-SCH
	PVS/TSTD : one,   FSTD: two

	The first step
	PVS,TSTD
	Single sequence correlation

	
	FSTD 
	Per sequence correlation

Non-coherent averaging w.r.t sequences

	The second step
	Coherent code detection

Coherent antenna combining

Coherent time averaging (only for 5 S-SCH case)


Table 2. Multiple cell simulation parameters
	Carrier frequency
	2GHz

	Cellular layout
	19 cell sites (3 cells per site), wrap around

	Node-B transmit power
	46dBm (10MHz carrier)

	Node-B antenna pattern
	70-degree sectored beam, 14dBi

	Distance-dependent path loss
	L=128.1+37.6log10(R),  R in kilometers

	Penetration Loss
	20 dB

	Channel model
	SCM – suburban macro

	Antenna spacing
	eNodeB: 10λ,  UE:0.5 λ

	Shadow fading correlation

 (Intra-site/Inter-site)
	1.0/0.5

	Lognormal shadowing standard deviation
	8 dB

	UE speed
	3km/hr for all UEs

	Inter-site distance
	1732 meter

	Network synchronization
	synchronized


Figures 2 and 3 show performance comparison for the five S-SCH symbol case. Figure 2 shows the cumulative distribution function of initial cell search time when one transmit antenna is used for SCH transmission. The FSTD shows a little worse performance than PVS and TSTD because of non-coherent averaging in the first step of cell search and worse channel estimation. In Figure 3, the TSTD shows the best performance although the performance difference is very small.
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Figure 2. Cell search time comparison (FDM with 5 S-SCH, 1x2 ant.)
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 Figure 3. Cell search time comparison (FDM with 5 S-SCH, 2x2 ant.)

Figure 4 shows the cell search time performance for the one S-SCH symbol case. The performance of the TSTD is worse than the other two schemes because the TSTD cannot acquire a full diversity gain with one S-SCH symbol in the frame. Furthermore, the first step performance of TSTD is worse than other schemes since the SCH has a 3dB smaller power than the data channel.  In the first cell detection trial, the FSTD is better than the PVS because the precoding vector may or may not match the channel vector of UE. However, at later time instants, the PVS has a higher cell detection probability than the FSTD. This is because the PVS provides a beamforming gain, which is beneficial especially for the UE with a low SINR.
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Figure 4. Cell search time comparison (TDM with 1 S-SCH, 2x2 ant.)

5 Conclusion
In conclusion, we have compared the TSTD, FSTD, and PVS diversity schemes for SCH. If five symbols are used for S-SCH, all diversity schemes show almost the same and very good performance. If one symbol is used for S-SCH, the FSTD performs better than the PVS in the first detection trial. However, for more than one detection trials, the PVS shows a better detection probability than the FSTD. Considering the performance and hardware complexity, we propose to use the PVS as the diversity scheme for SCH.
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