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1. Introduction

In the Seoul meeting, Approach 1 cell search scheme was agreed as a working assumption. Additional details of the scheme can be found in [1]. For alternative frame structure the P-SCH is placed in the DwPTS and the S-SCH is placed in the last OFDM symbol of timeslot TS0. It was also said that Coherent detection of S-SCH is possible. This contribution describes our investigation on whether the performance of S-SCH coherent detection using the estimated channel responses by the P-SCH symbol can be improved and whether better performance is potentially achievable using more than one sequence for P-SCH.
2. Multiplexing method of P-SCH and S-SCH
For alternative frame structure, the working assumption is to map the P-SCH symbol to DwPTS and the S-SCH symbol to the last OFDM symbol of timeslot TS0, as shown in Fig.1.

[image: image1.emf]DwPTS GP1 UpPTS

0.275ms

CP  OFDM Symbol

P-SCH

Last

Symbol

CP  OFDM Symbol

S-SCH

TS0

Other symbols

Timeslot

Interval


Figure.1 Multiplexing method of P-SCH and S-SCH for LCR-aligned frame structure
3. Link-level Simulation 
In this section, the S-SCH detection performances with/without channel estimation are presented according to the proposed SCH design described in the previous sections.
3.1. Simulation assumptions 
Table 1 shows the common simulation parameters. The hybrid method [2] is used for P-SCH OFDM symbol timing detection. It is assumed that all the OFDM symbols in data timeslots adopted the short CP, and the receiver knows the CP length. The frequency offset between the Node-B and the UE is 0ppm. In the case of a synchronous system, two fully synchronized cells are explicitly modeled and the signals from the neighbor cell in the network delay 2.0833μs/4 samples. The average received signal power from the local cell is 3dB higher than that from the neighbor cell.
Table 1 : Common simulation parameters
	Number of sub-carriers
	72

	Sub-carrier spacing
	15 kHz

	Sampling Rate
	1.92MHz

	SCH bandwidth / SCH occupied bandwidth
	1.25 MHz / 1.08MHz

	Number of OFDM symbols per Timeslot
	9

	Carrier frequency
	2 GHz

	Number of averaged SCH symbol for timing detection
	4

	Number of averaged SCH symbol for index detection
	4

	Number of TX/RX antennas
	1/2

	Carrier frequency offset between Node-B and UE
	0ppm

	Channel model
	6-path GSM Typical Urban

	Vehicle speed
	3km/h

	Neighbor cell signals delay
	4 samples

	multi-cell model of synchronous system
	2 synchronized cells                       (average transmission power of neighbor cell is 3dB lower)


Table 2 shows the P-SCH symbol parameters. The P-SCH symbol uses even numbered sub-carriers. The P-SCH CP length is 16.67us/32samples. The P-SCH sequence index is detected by correlating over multiple candidate sequences. For this simulation, it is assumed that two cells may use the same P-SCH sequence or different P-SCH sequences. Whether the channel estimation performance could be improved by using more than one sequence for the P-SCH is investigated in these simulations. 
Table 2 : P-SCH symbol parameters
	Number of occupied sub-carriers
	36

	Ng of Zadoff-Chu sequence
	36

	Index number 
	Cell common/cell specific

	Cyclic prefix
	16.67us/32samples


Table 3 shows the S-SCH symbol parameters. In order to investigate the effects of inter-cell interference, two cases are simulated. Case1 uses every sub-carrier of the S-SCH symbol. Case2 uses a comb of every third sub-carrier of the S-SCH symbol (adjacent cells are assumed to use a different comb offset). Note that for Case2, the comb offset value is utilized as part of the unique index in order to compensate for the reduced number of sequences available with the shorter S-SCH sequence. To keep the transmit power for both Case1 and Case2 equal, each occupied sub-carrier for Case2 has 3 times the power of that for Case1. The S-SCH sequence index is detected using the differential processing based method [3] and correlated over multiple candidate sequences. The coherent detection method using the estimated channel responses by the P-SCH symbol is also considered.
Table 3 : S-SCH symbol parameters
	
	Case1
	Case2

	Number of occupied sub-carriers
	72
	24

	Ng of Chu sequence
	36
	23

	Number of indices provided by GCL sequence index
	48
	16

	Index number 
	Randomly selected


3.2. Simulation results
Fig.2 and Fig.3 show the cell search performance of the system. The successful detection probability is defined as the timing error within the error tolerance zone, which is set to 2 samples (±1 sample around the exact position), as well as the correct S-SCH id is detected.
The dotted lines show the cell search performance of Case1. The solid lines show the cell search performance of Case2.

In single cell system, as shown in Fig.2, for correlation based detection method without channel estimation by P-SCH, the cell search performance is better than that with channel estimation about 4dB at probability of 0.6. For differential processing based method, the methods using the channel estimation suffer some performance loss, although it is not too large as the correlation based method. Therefore, for the differential processing and correlating based method, the performance of S-SCH coherent detection using the estimated channel responses by the P-SCH symbol will be impacted.
Correlation detection methods of both Case1 and Case2 have almost the same cell search performance. The reason is that they have the same signal power and undergo the same noise without the interference from neighbor cells. However, for differential encoding method, the cell search performance of Case2 is better than that of Case1 by 2dB at the probability of 0.6. The differential encoding method is more sensitive to noise than correlation method. As the power of each occupied sub-carrier in Case2 is 3 times the power of that in Case1, the detection performance of Case2 is better than that of Case1.
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Figure.2 performance of S-SCH detection in single cell scenario ( w/ CHE vs. w/o CHE)
In dual-cell system, as shown in Fig.3, the cell search performances of cell common P-SCH and cell specific P-SCH using the correlation based detection method are compared. Similar to in single cell system, both Case1 and Case2 achieve similar performance for cell common P-SCH and cell specific P-SCH, respectively. The cell specific case without channel estimation can get a 0.5dB gain over the cell common one at the detection probability of 0.8. 
The case of cell common P-SCH using channel estimation will meet the ceiling of the detection probability of about 70%, because the composite channel estimation response from different cells differ significantly from the unicast multi-path channel (from the serving node-B to the UE). While the case of cell specific P-SCH without channel estimation will never have such an upper limit of detection probability.
Further investigation of the detail structure of P-SCH and S-SCH will be done using multi-cell system simulations.
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Figure.3 performance of correlation based S-SCH detection in two cells scenario (common P-SCH vs. specific P-SCH)
4. Conclusions

This contribution shows the impact on S-SCH detection accuracy of channel estimation by P-SCH. From the simulation results, we can draw the conclusion: 

· S-SCH detection performance using both correlation and differential encoding based method will degrade if channel estimation is used.
· Cell specific P-SCH can reduce the inaccuracy of composite multi-path channel estimation in multi-cell scenarios.
· Correlation based detection method outperforms the differential processing based method at low SNR.
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