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1. Introduction

In the last meeting, a hierarchical synchronization channel (SCH) structure supporting a hierarchical cell search procedure for initial acquisition was agreed as a working assumption. Some issues to be decided were also listed. This document describes our SCH design and cell search method addressing these issues. 
2. Multiplexing method of P-SCH and S-SCH
Contributions such as [2][4] have proposed mapping the P-SCH symbol to the last OFDM symbol of a sub-frame. This mapping can eliminate any dependency of the P-SCH symbol position on the CP length.  As described in [2], the detected OFDM symbol timing from the P-SCH identifies the sub-frame boundary regardless of the CP length.
The proposed multiplexing method of the P-SCH and the S-SCH symbols is TDM. With TDM, there is no interference between the P-SCH and S-SCH during the initial OFDM symbol timing search. The S-SCH symbol should be located adjacent to the P-SCH symbol if the channel estimation results of the P-SCH symbol are going to be used for the S-SCH index detection. If the S-SCH symbol is located adjacent to the P-SCH symbol, different CP lengths will give a different time separation between the P-SCH and the S-SCH symbols in the case of TDM.  Two ways for dealing with this are 1) testing the two possible CP lengths at the receiver, or, 2) fix the length of the CP in the sub-frame containing the S-SCH. 
Both the P-SCH and S-SCH symbols are confined to the central 1.25 MHz of the channel bandwidth.

To support inter-RAT measurement from other RATs using a single receiver [5], the SCH is transmitted every 5ms. There are two options: 1) Both P-SCH and S-SCH symbols are transmitted every 5ms, or 2) only the P-SCH symbol is repeated every 5ms. If only the P-SCH symbol is repeated, the reference signal (RS) is needed to perform inter-RAT measurement by other RATs. In this case, the CP lengths of RSs for measurement should be identified, and the total power of the RS symbols within 1.25 MHz may be smaller than that of the S-SCH. Therefore, repeating both the P-SCH and S-SCH symbols every 5ms is adopted. Figure 1 shows SCH symbol positions in case of the short CP sub-frame.
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Figure 1 : SCH symbol positions in a frame (for short CP sub-frame case)
3. SCH sequence and sub-carrier mapping
3.1. P-SCH

The P-SCH symbol can be used for OFDM symbol timing detection, frequency offset estimation, and possibly channel estimation as well. The P-SCH symbol occupies every other sub-carrier in order to provide a time domain symmetric waveform as shown in Figure 2. The time domain waveform symmetry simplifies initial synchronization by enabling the auto-correlation method for OFDM symbol timing synchronization. The auto-correlation method achieves a low-complexity receiver and performs very well in the case of synchronized systems. Since the P-SCH symbol is a cell-common sequence (or one of a small number of possible sequences), the cross-correlation method [6]

 REF _Ref126736026 \r \h 
[8] is also supported. A hybrid of the auto and cross correlation methods is also possible, such as using the autocorrelation method to identify a reduced search window, and then using the cross correlation method within the identified search window. The GCL sequence [1] (with sequence parameters chosen to be equivalent to Zadoff-Chu sequences) is used as the P-SCH symbol sequence.
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Figure 2 : P-SCH sub-carrier mapping

3.2. S-SCH
The S-SCH symbol is used for informing partial or complete cell ID, and possibly other information as well. This contribution investigates two different ways of mapping the S-SCH sequence to the S-SCH sub-carriers.  The first case (Case1) maps the sequence to every sub-carrier of the S-SCH, and the second case (Case2) maps a shorter sequence to every third sub-carrier, with different sub-carrier offsets used on adjacent cells of a Node B [7] to reduce interference.  Based on initial simulation results, Case2 appears preferable to Case1. 
For the S-SCH symbol sequence, the GCL sequence modulated by a complex exponential wave [9] (DFT sequence) is proposed. It allows for a larger number of indices without additional SCH overhead because both the GCL sequence index and complex exponential wave index provide unique indices. The GCL sequence index detection method [3], which does not need to correlate over multiple candidate sequences, is used in the simulations. To detect the index of the complex exponential wave, the coherent index detection could be applied using the channel estimation results of the P-SCH symbol [6]. Since both sequence indices can be detected using IFFT without correlating over multiple candidate sequences, this S-SCH sequence design enables low complexity receiver design. In terms of processing flow, the GCL sequence index is detected first, followed by detection of the complex exponential wave index. An example of S-SCH index detection flow is shown as Figure 3.
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Figure 3 : Example of S-SCH index detection flow
4. Information provided by SCH

This SCH design provides more than 512 cell IDs and the frame boundary. Since the number of indices provided by this SCH design is large, the reference signals may not be required to find the cell ID. However, the reference signals are still useful for verifying the detected cell ID, which could now be done with very low complexity, since only the single reference sequence corresponding to the already detected cell ID is utilized for the correlation processing.
5. Simulation 

In this section, the cell search time simulation is presented to show the performance of the proposed SCH design mentioned in the previous sections.
5.1. Simulation conditions

Table 1 shows the common simulation parameters. The P-SCH symbol is utilized for OFDM symbol timing detection, frequency offset estimation, and channel estimation. The S-SCH symbol provides the unique cell index. The cross-correlation method is used for OFDM symbol timing detection. The GCL sequence index is detected using the differential processing based method without correlating over multiple candidate sequences. The complex exponential wave index detection method is the coherent detection method using the estimated channel responses by the P-SCH symbol. The short CP length is adopted. In these simulations, it is assumed that the receiver knows the CP length of SCH. The frequency offset between the Node-B and the UE is 5ppm. In the case of an asynchronous system, the inter-cell interference is modeled by AWGN. In the case of a synchronized system, three fully synchronized cells are explicitly modeled and the signals from the rest of the cells in the network are modeled as AWGN. The UE is located at a position where the average received power from each of the three synchronized cells is equal. 
Table 2 shows the P-SCH symbol parameters. The P-SCH symbol uses even numbered sub-carriers. For this evaluation, it is assumed that all cells use the same P-SCH sequence. Note that channel estimation performance could potentially be improved by using more than one sequence for the P-SCH, although the impact on symbol timing accuracy is unclear – this will be investigated in future simulations.
Table 3 shows the S-SCH symbol parameters. In order to investigate the inter-cell interference mitigation, 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. The total number of indices provided by SCH is 1024 for Case1, and 1056 for Case2.
Table 1 : Common 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 averaged SCH symbol for timing detection
	1

	Number of averaged SCH symbol for index detection
	1

	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

	Inter-cell-interference model 
	AWGN

	multi-cell model of synchronous system
	3 synchronous cells                       (average transmission powers of all cells are equal)


Table 2 : P-SCH symbol parameters
	Number of occupied sub-carriers
	38

	Prime number of GCL sequence
	41

	Index number 
	1


Table 3 : S-SCH symbol parameters
	
	Case1
	Case2

	Number of occupied sub-carriers
	75
	25

	Prime number of GCL sequence
	79
	29

	Number of indices provided by GCL sequence index
	32
	16

	Number of indices provided by complex exponential wave index
	32
	22

	Total number of indices provided by SCH
	1024 (32x32x1)
	1056 (16x22x3)

	Index number 
	Randomly selected


5.2. Simulation results

Figure 4 and Figure 5 show the cell search time performances of the asynchronous and synchronous systems, respectively. SINR in the figures means signal power of each cell to noise and interference power ratio in the SCH occupied band. In the case of the synchronous system, each of the three cells is considered a desired cell because the average received powers of all cells are equal at the selected UE location.  So for the synchronous system, the interference power means the signal powers from the rest of the cells in the network. 

The dotted lines show the cell search time performance of Case1. The solid lines show the cell search time performance of Case2.

In the case of an asynchronous system, the cell search time performance of Case2 is better than that of Case1 at low SINR. The reason is that SINR per occupied S-SCH sub-carrier of Case2 is larger than that of Case1 (the power of each occupied sub-carrier in Case2 is three times higher than that in Case1, while the interference is modeled as AWGN in both cases). 

In the case of the synchronous system, the cell search time performance of Case2 is better than that of Case1. The inter-cell interference mitigation effect of Case2 improves the cell search time performance.

Therefore, Case2 is currently preferred over Case1 based on the simulation results.  Further simulations will be performed with a more detailed multi-cell synchronous system simulator in the future.
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Figure 4 : Cell search time performances of asynchronous system
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Figure 5 : Cell search time performances of synchronous system (three synchronized cells)
6. Conclusions

This contribution summarized our proposed SCH design and initial cell search procedure for the EUTRA downlink. It provides > 512 cell IDs in the S-SCH and uses TDM for multiplexing the P-SCH and S-SCH. Further investigation of the synchronous system will be done using multi-cell system simulations.
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Detected S-SCH index



(consisting of GCL sequence index, complex exponential wave index and sub-carrier comb position)







Complex exponential wave index detection



The received S-SCH is divided by the detected GCL sequence 



Channel response compensation using the estimated channel responses by P-SCH



IFFT and peak detection







GCL sequence index detection



Differential processing between adjacent sub-carrier symbols of the received S-SCH



IFFT and peak detection



(The estimated channel responses by P-SCH could be utilized)







Detected GCL sequence indices of sub-carrier comb sets












