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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 the last meetings, we have shown that the PVS performs better than FSTD in both initial and neighbor cell search regardless of UE’s velocity[3, 4]. In this contribution, we further investigate the initial and neighbor cell search performances with a high frequency offset for both one and two transmit antenna cases.
2 Candidate schemes for SCH diversity
The main features of the two candidate schemes are listed in table 1.
Table 1. Features of candidate diversity schemes for SCH

	
	PVS[2,3]
	TSTD[7]
	FSTD[1,4,5]

	Number of P-SCH
	1
	1
	2

	Diversity gain
	More than one symbol to be observed
	More than one symbol to be observed
	Only one symbol to be observed

	Beamforming gain
	Available
	N/A
	N/A

	Performance in high SNR
	Good
	Good
	Best (only for first detection trial)

Good (Next to first detection trial)

	Performance in low SNR
	Good
	Medium
	Poor

	Power Efficiency
	Efficient
	Not efficient (only one Tx power amp. is used at a time)
	Efficient

	First step computation 
	N
	N
	2N (time domain matched filtering)

	Performance for one Tx  antenna case
	Not further degraded
	Not further degraded
	Further degraded due to non-coherent averaging over two P-SCH sequences

	Channel estimation for P-BCH detection
	Good (Only one channel response should be estimated)
	?
	Relatively poor (Two channel responses should be estimated)


3 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 single 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 according to the pattern shown in Fig. 3.

[image: image4.emf]One frame

P-SCH

W=[1 1]

W=[1 1] W=[1 j] W=[1 j] W=[1 -1]

W=[1 -1]

W=[1 -j]

W=[1 -j]

S-SCH


Figure 3. The transmission structure of PVS

4 Simulation results
The performance of three diversity schemes are evaluated in the initial and neighbor cell search. 
4.1 Initial Cell Search
Figure 4 shows the structure of the cell searcher used in the simulations. In the first step, no accumulation is used for SNR enhancement and so only one SCH symbol is used for OFDM symbol timing detection. The only one SCH symbol in the next 5msec time duration is used for second step( Using the accumulation technique in the first step may improve the cell search performance but it was shown in [3] that the PVS performs better than FSTD in that case as well).
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Figure 4. The structure of cell searcher at UE
Table 2 shows the basic cell search parameters. In the simulation, 2000 drops are used. For PVS, the initial precoding vector applied for the first SCH symbol transmission is randomly selected for each drop. For the first step, the time domain signal is divided into two parts. The symbol timing is detected by correlation within each part and non-coherent averaging between two parts. The same symbol timing detection method is used for FSTD and PVS cases for fair comparison. In the second step, the coherent detection is used by channel estimate from P-SCH. The third step using the downlink reference signal is assumed to be ideal and the time taken for that step is not included in cell search time since it doesn’t have an impact on the search time comparison.

Table 2. Cell search parameters
	Frequency offset
	10kHz (5ppm @2GHz)

	Number of group IDs 
	171

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

	Number of sequences for S-SCH
	170 x 2 (indicating frame boundary)

	Antenna configuration
	2 x 2

	Channel model
	 SCM-C

	UE speed
	3 km/h

	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


Figure 5.a and Figure 5.b show the initial cell search performances for one transmit antenna case. For the transparency of number of antenna to the UE, the non-coherent averaging should be applied over two P-SCH sequences for FSTD case. That’s why the FSTD performs worse than PVS or TSTD for one transmit antenna case.
Figure 6.a and Figure 6.b show the initial cell search performances for two transmit antenna case. For the SNR of 6 dB, the FSTD performs better than PVS or TSTD only at first detection trials. That is because the FSTD can get the diversity gain when one SCH symbol is observed. However, for the next detection trials, PVS performs better than FSTD. For the SNR of -6 dB, the PVS always performs better than FSTD. We can see that the TSTD performs worst when two transmit antenna is employed.
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(a) Es/No per Ant : 6 dB,                                      (b) Es/No per Ant : -6dB

Figure 5. CDF of initial cell search time(one transmit antenna case)
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Figure 6. CDF of initial cell search time(two transmit antenna case)

4.2 Neighbor cell search
A two-cell model shown in Figure 7 is used to evaluate the neighbor cell search time. The target to home cell power is denoted as 
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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 set to zero. 
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 is – 3 dB for all cases. Since only the second step is considered for synchronous network, the buffering of S-SCH symbols are used.
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Figure 7. Two-cell model for neighbor cell search

Figure 8 shows the CDF of the neighbor cell search time for two transmit antenna case. Regardless of geometry, the PVS always performs better than FSTD and TSTD. Although it is not presented in this contribution, the performance of TSTD would be severely degraded for non-synchronized network case, because the SINR in the first step is 3 dB lower compared to PVS or FSTD cases.
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(c) IorT/IorH = 0 dB, 3 km/hr







(d) IorT/IorH = -3dB,  3 km/hr
Figure 8. CDF of neighbor cell search time(two transmit antenna case)
5 Conclusion
We have compared the initial and neighbor cell search performance of the FSTD, TSTD and PVS diversity schemes. In high SNR environments, the FSTD performs better than PVS or TSTD at the first detection trials. But, for the next detection trials, PVS outperforms FSTD. In low SNR environments, the PVS always performs better than FSTD or TSTD because of beamforming gain. In addition, the performance of FSTD degrades when one transmit antenna is used at NodeB.
Thus, we propose to use PVS for SCH diversity.
6 References

[1] R1-062140, “SCH search performance with transmit diversity”, Nortel, Tallin, Aug 2006
[2] R1-062105, “Downlink MIMO scheme in E-UTRA”, NTT DoCoMo et al, Tallin, Aug 2006
[3] R1-063517, “Evaluation of transmit diversity schemes for SCH”, ETRI, Oct 2006
[4] R1-062755, “Further results on SCH search performance with transmit diversity”, Nortel, Oct 2006
[5] R1-063104, “SCH search performance with transmit diversity up to 4 Tx”, Nortel, Nov 2006
[6] R1-070022, “Comparison of SCH diversity schemes in initial cell search”, ETRI, Jan 2007

[7] R1-060823, “Cell Search Scheme for EUTRA”, ETRI, March 2006
Contact Person: HyeongGeun Park (hgpark@etri.re.kr)






































































PAGE  
1/7

_1229585096.vsd
One frame


S-SCH


P-SCH


W=[1 1]


W=[1 1]


W=[1 j]


W=[1 j]


W=[1 -1]


W=[1 -1]


W=[1 -j]


W=[1 -j]



_1229861687.vsd
...


 


 


 


 


Bandwidth used for SCH transmission


 


 


 


 


 


 


 


 


SCH for Ant #1


 


 


 


 


 


 


 


...


Bandwidth used for SCH transmission


 


 


 


 


 


 


 


...


 


 


 


 


 


 


 


 


 


 


 


 


SCH for Ant #0


...


P-SCH for Ant #1
(Power: 2P)


S-SCH for Ant #1
(Power: P)


* P : data channel tx power per antenna per subcarrier



_1229861849.vsd
Bandwidth used for SCH transmission


SCH for Ant #0


SCH for Ant #1


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


...


...


Bandwidth used for SCH transmission


 


 


 


 


 


...


 


 


...


 


 


 


 


 


 


 


 


 


P-SCH for Ant #0 (Power: 4P)


P-SCH for Ant #1
(Power: 4P)


S-SCH for Ant #1
(Power: 2P)


* P : data channel tx power per antenna per subcarrier



_1229760431.vsd
5msec


Detection trial #1


Detection trial #2


Detection trial #3


Rx Data


5msec


5msec


1st step


5msec


1st step


1st step


1st step


2nd step


2nd step


2nd step



_1223897120.unknown

_1223897180.unknown

_1223897036.unknown

_1223885157.vsd
Transmitter


Fading
Channel


Home Cell


Transmitter


Fading
Channel


Target Cell


Other Cell Interference
(Gaussian)


r(t)


UE



