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1. Introduction
In the last meeting, four different approaches were identified as possible candidates for the initial cell search. The approach one has two alternatives for placement of P-SCH and S-SCH. This document evaluates S-SCH index detection performances of both alternatives in several mobility environments.
2. Alternatives for placement of P-SCH and S-SCH
In [1], alternatives for placement of P-SCH and S-SCH are defined. Figure 1 shows the Alternative-1. A P-SCH symbol is put in the last OFDM symbol of the first sub-frame and an S-SCH symbol is put in the last OFDM symbol of the second sub-frame. The P-SCH and S-SCH symbol boundaries are identical regardless of CP length. Therefore, the blind CP length detection for S-SCH index detection or fixing the CP length of S-SCH is not required. Meanwhile, because the time separation between the P-SCH symbol and the S-SCH symbol is an entire sub-frame, the channel estimation using P-SCH for the S-SCH index detection may not be applicable for the high mobility case. Figure 2 shows the Alternative-2. A P-SCH symbol is put in the last OFDM symbol and an S-SCH symbol is put in the second last OFDM symbol of the first sub-frame. Since the S-SCH symbol is located adjacent to the P-SCH symbol, the coherent S-SCH index detection using the channel estimation results of P-SCH can be performed even for the high mobility case. However, the blind CP length detection for S-SCH index detection or fixing the CP length of S-SCH is required in this case.
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Figure 1 : (Alternative-1) P-SCH is placed in the last OFDM symbol of the first sub-frame and S-SCH in the last OFDM symbol of the second sub-frame
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Figure 2 : (Alternative-2) P-SCH is placed in the last and S-SCH in the second last OFDM symbol of the first sub-frame
Figure 3 shows an example of the S-SCH index detector block diagram. It assumes that the receiver does not know the CP length of S-SCH. The S-SCH index is detected using two possible OFDM symbol timings. The S-SCH demodulator outputs reliability (amplitude) of all possible S-SCH indices. If the S-SCH sequence is ZC sequence, the S-SCH demodulator could consist of the differential processing between adjacent sub-carrier symbols and IFFT. The S-SCH demodulator outputs are averaged over multiple symbols if needed. After averaging, the index with the largest amplitude is selected as the detected S-SCH index. For multiple symbols averaging, the averaged S-SCH demodulator outputs corresponding to the detected S-SCH index are stored. For example, if the number of averaged symbols is two, the averaged S-SCH demodulator outputs corresponding to the detected S-SCH index by using one S-SCH symbol are stored.
The S-SCH index detection process is needed twice compared to the known CP length case. However, one detector function could be shared by two possible OFDM symbol timing cases because the S-SCH index detection cycle is not so fast.
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Figure 3: Example of S-SCH index detector block diagram 
3. Simulation 
In this section, the S-SCH index detection performances of Alternative-1 and Alternative-2 are shown in several mobility environments. The ZC sequence modulated by a complex exponential wave [2] (DFT sequence) is utilized for the S-SCH sequence.
3.1. Simulation conditions

Table 1 shows the simulation parameters. The short CP length is adopted. The frequency offset between the Node-B and the UE is 5ppm. The vehicle speed is 3km/h, 30km/h, 120km/h or 350km/h. The inter-cell interference is modeled as AWGN. The cross-correlation method is used for OFDM symbol timing detection. The number of averaged P-SCH symbols for OFDM symbol timing detection is two symbols. The number of averaged S-SCH symbols for S-SCH index detection is one symbol or two symbols. In this simulation, it is assumed that each S-SCH symbol in a radio frame provides the same information. 
Table 2 shows the P-SCH symbol parameters. The P-SCH sequence is a ZC sequence. The index number is one. The P-SCH symbol uses even numbered sub-carriers. Table 3 shows the S-SCH symbol parameters. The ZC sequence index is detected using the differential processing based method without correlating over multiple candidate sequences [3]. The complex exponential wave index detection method is the coherent detection method using the estimated channel responses by the P-SCH symbol [1].

Table 1 : Simulation parameters
	Number of sub-carriers
	75

	Sub-carrier spacing
	15 kHz

	SCH bandwidth / SCH occupied bandwidth
	1.25 MHz / 1.125MHz

	Number of OFDM symbols per radio frame
	140

	Carrier frequency
	2 GHz

	Number of SCH symbols per frame (P-SCH, S-SCH)
	4 (2,2)

	Number of averaged P-SCH symbols for timing detection
	2

	Number of averaged S-SCH symbols for index detection
	1, 2

	Number of TX/RX antennas
	1/2

	Carrier frequency offset between Node-B and UE
	5ppm

	Channel model
	6-path GSM Typical Urban

	Vehicle speed
	3km/h, 30km/h, 120km/h, 350km/h

	Inter-cell-interference model 
	AWGN


Table 2 : P-SCH symbol parameters
	Sequence
	ZC 

	Number of occupied sub-carriers
	38

	Prime number of ZC sequence
	41

	Index number 
	1


Table 3 : S-SCH symbol parameters
	Sequence
	ZC sequence modulated by a complex exponential wave

	Number of occupied sub-carriers
	25 (every third sub-carriers)

	Prime number of ZC sequence
	29

	Number of indices provided by ZC
	12

	Number of indices provided by complex exponential wave 
	8

	Total number of indices provided by S-SCH
	3x12x8 = 36x8 = 288

	Index number 
	Randomly selected


3.2. Simulation results
· Influence of vehicle speed
Figure 4 and Figure 5 show the S-SCH index detection performances in case of the known CP length of S-SCH. The number of averaged S-SCH symbols of Figure 4 and Figure 5 is one symbol and two symbols, respectively. SINR in the figures means signal power of a cell to noise and interference power ratio in the SCH occupied band. The triangle markers show the S-SCH index detection performances in case of Alternative-1. The circle markers show the S-SCH index detection performances in case of Alternative-2.

In the case of low mobility, the S-SCH index detection performance difference between Alternative-1 and Alternative-2 is negligible. In the case of high mobility, the S-SCH index detection performance of Alternative-1 is worse than that of Alternative-2 because of the channel estimation error. 
Therefore, Alternative-2 where P-SCH is placed in the last and S-SCH in the second last OFDM symbol of the first sub-frame is preferable for SCH placement for the initial cell search approach one. 
	[image: image4.emf]1.00E-03

1.00E-02

1.00E-01

1.00E+00

-12 -9 -6 -3 0

SINR[dB]

S-SCH index DER

Alternative-1

Alternative-2


(a) TU3
	[image: image5.emf]1.00E-03

1.00E-02

1.00E-01

1.00E+00

-12 -9 -6 -3 0

SINR[dB]

S-SCH index DER

Alternative-1

Alternative-2


(b) TU30

	[image: image6.emf]1.00E-03

1.00E-02

1.00E-01

1.00E+00

-12 -9 -6 -3 0

SINR[dB]

S-SCH index DER

Alternative-1

Alternative-2


(c) TU120
	[image: image7.emf]1.00E-03

1.00E-02

1.00E-01

1.00E+00

-12 -9 -6 -3 0

SINR[dB]

S-SCH index DER

Alternative-1

Alternative-2


(d) TU350


Figure 4 : S-SCH index detection DER of known CP length using one S-SCH symbol
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Figure 5 : S-SCH index detection DER of known CP length in case when two S-SCH symbols are used for averaging
· Influence of unknown CP length of S-SCH
In unknown CP length simulations, two possible OFDM symbol timings are utilized for the OFDM demodulation as shown in Figure 3. Two S-SCH indices using two possible OFDM symbol timings are detected. The S-SCH index with the largest amplitude of complex exponential wave is selected as the desired S-SCH index. The desired OFDM symbol timing (i.e. CP length) is also obtained.

Figure 6 and Figure 7 show the S-SCH index detection performance of Alternative-2. The number of averaged S-SCH symbols of Figure 6 and Figure 7 is one symbol and two symbols, respectively. The circle markers show the S-SCH index detection performances for the case of a known CP length. These results are the same as the simulation results of Alternative-2 in Figure 4 and Figure 5. The rhombic markers show the S-SCH index detection performances in the case of an unknown CP length.
If one S-SCH symbol is used for the S-SCH index detection, the S-SCH index detection performance degradation by unknown CP length of S-SCH is negligible. 

If two S-SCH symbols are averaged for the S-SCH index detection and the vehicle speed is high, the S-SCH index detection performance is slightly degraded due to the unknown S-SCH CP length. Since the required SINR for the S-SCH index detection is reduced due to the time diversity gain, the degradation by unknown CP length becomes more noticeable.
In summary, the performance degradation by unknown CP length of S-SCH is small. But, fixing CP length of S-SCH would provide slightly higher robustness.
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Figure 6 : S-SCH index detection DER of unknown CP length using one S-SCH symbol
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Figure 7 : S-SCH index detection DER of unknown CP length in case when two S-SCH symbols are used for averaging
4. Conclusions

Two alternatives for placement of P-SCH and S-SCH were evaluated in several mobility environments. The following conclusions are drawn:
· The S-SCH index detection performance of Alternative-1 degrades drastically for the high mobility case if the channel estimation using P-SCH is utilized for the S-SCH index detection. Therefore, Alternative-2 is preferable for SCH placement for the initial cell search approach one. 

· The performance degradation when blind detection is used to detect the CP length of S-SCH is negligible when one S-SCH symbol is used in case of Alternative-2.
Since Alternative-1 will have a significant impact on the performance for high mobility case, it is recommended to use Alternative-2 for the placement of P-SCH and S-SCH.
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