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1 Introduction

At the Seoul meeting, the frequency-switching transmit diversity (FSTD) and the precoding vector switching (PVS) have been chosen as candidate diversity schemes for downlink synchronization channel (SCH). In this contribution, we compare the initial and neighbor cell search performance of the two diversity schemes.
2 Requirements on SCH diversity
The transmit diversity for SCH should support the following requirements on SCH.
· Initial cell search



The initial cell search should have a very good performance in a low SINR environment even in the presence of a large frequency offset: When the average SINR over the 1.25 MHz SCH transmission band is as low as for example -6 dB, some other resource blocks can have much higher instantaneous SINRs sufficient for successful communication. The SINR gap between the SCH transmission band and the other resource blocks can be even larger if interference coordination and cancellations techniques such as FFR and IRC are employed.
· Neighbor cell search

In the neighbor cell search, the UE should be able to detect cells whose average power is much smaller than the home cell power for the following reasons. First, sometimes it is necessary to handover the UE to the target cell with a lower average SINR, for instance, when the target cell has a lower loading than the home cell. Second, for efficient neighbor cell measurements, the UE needs to store neighbor cell information (such as identified cell IDs and timing information) acquired by neighbor cell search. If the neighbor cell information can cover a large number of neighbor cells including very low SINR cells, the UE can avoid frequent cell search in the neighbor cell measurements.
Thus, the transmit diversity for SCH should be optimized in low SINR environments.
3 Transmit diversity schemes for SCH
The main features of the two candidate schemes are listed below.
· FSTD [1,4]
· Full diversity gain can be acquired regardless of the number of SCH symbols within one frame.
· Beamforming gain cannot be acquired.

· 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.
· PVS [2,3]
· Beamforming gain can be acquired. The instantaneous SNR at a certain frame can be higher than the average SNR when the precoding vector applied for that frame 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 full diversity gain cannot be applied within one frame although it can be acquired frame by frame.
4 SCH structures
Figure 1 shows the transmission structure of SCH used in this contribution. The P-SCH and S-SCH are time-multiplexed, and two sets of P-SCH and S-SCH symbols are transmitted in one radio frame. The S-SCH symbol is coherently detected using the channel estimate calculated by using P-SCH. The GCL sequence is used for both P-SCH and S-SCH. A cell-common sequence is assigned to P-SCH. The total number of sequences used for S-SCH is 342. For the detection of frame timing, one sequence among 171 sequences is assigned to the first S-SCH symbol and another sequence from the other 171 sequences is assigned to the second S-SCH symbol. 

[image: image1.emf]


Figure 1. The transmission structure of SCH
Figure 2 shows the structure of SCH symbols for FSTD and PVS. The SCH transmission 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. 
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(a) PVS
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(b) FSTD
Figure 2. The structures of SCH symbols
Figure 3 shows the transmission structure of PVS. Four precoding vectors are used and the same precoding vector is applied for the adjacent P-SCH and S-SCH symbols. To fully acquire the beamforming gain, the same precoding vector is applied to the two sets of SCH symbols in one radio frame. The precoding vector changes from frame to frame to obtain frame-level diversity gain.
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Figure 3. The transmission structure of PVS
5 Simulation results

Both diversity schemes are evaluated in terms of initial and neighbor cell search time. As a performance measure, 90% cell search time is used. Table 1 shows the basic cell search parameters. The channel model of TU6 is used for the simulations. The AoD of the first multipath is randomly chosen for each drop and the AoDs of the remaining 5 paths are Gaussian distributed with a standard deviation of 5 degree. Each multipath has 5 degree and 35 degree angular spreads at NodeB and UE, respectively. In the simulation, 2000 drops are used. For PVS, the initial precoding vector is randomly selected per drop among the four precoding vectors. In this contribution, we considered cell search scheme of approach #1 which was chosen as candidate in Seoul meeting. The third step is assumed to be ideal and the time taken for that step is included in cell search time.
Table 1. Cell search parameters
	Frequency offset
	Initial search
	(3ppm @2GHz)

	
	Neighbor search
	200 Hz

	Number of group IDs 
	171

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

	Antenna configuration
	Tx : 2 with 10 wavelength spacing
Rx : 2 with 0.5 wavelength spacing

	Channel model
	TU6

	The first step
	PVS
	Single sequence correlation

	
	FSTD 
	Per sequence correlation

Non-coherent averaging w.r.t sequences

	The second step
	Coherent code detection

Coherent receive antenna combining


5.1 Initial cell search 
The single cell simulation is used to evaluate the initial cell search time. Figure 4 shows the CDF of initial cell search time for two SNR cases. Regardless of the velocity, the PVS and FSTD show almost same and good performances for high SNR environments. For the SNR of -6 dB, however, the PVS performs much better than FSTD because the beamforming gain is more beneficial than diversity gain in such a low SINR environment. The SNR means the signal to noise power ratio after receive antenna combining. Figure 5 shows the 90% search time for various SNR values.
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(a) SNR = 3 dB, 3km/hr







(b) SNR = -6 dB, 3km/hr
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(c) SNR = 3 dB, 3km/hr







(d) SNR = -6 dB, 3km/hr
Figure 4. Examples of CDF of initial cell search time
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Figure 5. 90% initial cell search time(3km/hr)
5.2 Neighbor cell search

A two-cell model shown in Figure 6 is used to evaluate the neighbor cell search time. The target to home cell power is denoted as 
[image: image10.wmf]/
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 and the target to all other cell power is denoted as 
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. In this contribution, 
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 after two receive antenna combining is set to 0 dB. The two cells are assumed to be synchronized and so only the second step of the cell search is considered. The time delay difference between the two cells is randomly selected in each drop with a uniform distribution ranging from 0 to CP length.

Figure 7 shows the CDF of the neighbor cell search time for two geometry cases. As in the initial search case, the PVS performs much better than the FSTD in a low geometry case while showing almost the same performances in a high geometry case. Figure 8 shows the 90% neighbor cell search time with respect to geometry.

[image: image13.emf]Transmitter

Fading

Channel

Home Cell

Transmitter

Fading

Channel

Target Cell

Other Cell 

Interference

(Gaussian)

orH

I

orT

I

OC

I

r(t)

UE


Figure 6. Two-cell model for neighbor cell search
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(a) IorT/IorH = 2 dB, 3km/hr







(b) IorT/IorH = -9 dB, 3km/hr
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(c) IorT/IorH = 2 dB, 120km/hr







(d) IorT/IorH = -9 dB, 120km/hr
Figure 7. Examples of CDF of neighbor cell search time
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Figure 8. 90%  neighbor cell search time

6 Conclusion
We have compared the initial and neighbor cell search performance of the FSTD and PVS diversity schemes. In high SNR environments, both schemes show almost the same performance. In low SNR environments, however, the PVS performs much better than the FSTD in both the initial and neighbor cell search. Thus, we propose to use PVS for SCH diversity.
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