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1. Introduction
In this paper, we propose SCH structure and sequence for cell search. CAZAC length for 1.25MHz bandwidth will be discussed in chapter 2. We propose the P-SCH/S-SCH structure and sequence in chapter 3 and chapter 4, respectively. TDM was assumed in this paper [1]. Finally, we summarize our proposals in chapter 5 as a conclusion.
2. ZC-CAZAC sequence length for 1.25MHz

The number of used subcarriers excluding DC is 75. We used Zadoff-Chu sequence with length 73 which is prime number for S-SCH sequence. The number of cell IDs is to be 71 as it is, and is to be 568(=71*8) with delayed CAZAC which will be described in chapter 4.2 if ZC is also used in P-SCH. The number of delay IDs ‘8’ was selected in order to support non-coherent detection in S-SCH. The 73 length for 1.25 MHz bandwidth can be expressed as equation (1). 
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Figure 1 shows the mapping illustration of this method. 
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Figure 1 Illustration of 73 length sequence for 1.25 MHz bandwidth
3. Primary SCH 

3.1 P-SCH structure
Our preferring P-SCH structure is that with 2x repetitive waveforms in time domain similar to that of [5]/ [6]/ [7]/ [8]/ [9]. Two times repetitive structure can be achieved by either inserting alternated subcarriers in frequency domain or designing 2x repetitive waveforms in time domain like in [10]/ [11]. However, the frequency domain sequence at P-SCH was considered for simulation since we just want to compare whether non-repetitive or 2x repetitive structure is preferable. Figure 2 (a) is non-repetitive structure in P-SCH and Figure 2 (b) is 2x repetitive structure in P-SCH for comparison.
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(a) Non-repetitive structure in P-SCH                                 (b) 2x repetitive structure in P-SCH

Figure 2 Two TDM structures
· Simulation results
 The contributions [5]/ [9] showed that timing acquisition probability can be increased by combination of cross and auto correlation based detection. Therefore, we will investigate the cell search time performance only from the viewpoint of frequency offset estimation. In other words, only cross-correlation based timing detection method was applied. 

 We evaluated it under multi-cell environment. SCHs are transmitted at the same time from all NodeBs and sectors in synchronous network. On the other hand, SCHs are transmitted randomly among NodeBs and synchronized among the sectors within a NodeB in asynchronous network. Figure 2(a) and Figure 2(b) show TDM structure with non-repetitive structure and with 2x repetitive structure, respectively, for this simulation. It is assumed that UE perfectly knows whether cell ID detection is successful or failed at every trial for simplicity. Delayed CAZAC was applied. Real frequency offset estimation was performed using the P-SCH by detecting the phase rotation between partial correlations in the P-SCH correlation detection as described in [4]. The detailed simulation parameters are described in Annex A.
The cell search time performance is shown in Figure 3, and residual frequency offset error is shown in Figure 4. From those simulation results, we can find that 2x repetitive structure has much better potential for frequency offset estimation capability and shows slightly better cell search time performance than non-repetitive structure.

3.2 Position on Cell-common P-SCH 
Since Zadoff-Chu CAZAC sequence in S-SCH can support non-coherent detection well such as differential correlator, cell-specific P-SCH sequence may not be necessary for channel estimation. Also, it seems that cell-common P-SCH is appropriate considering UE complexity. Therefore, our preference on that is cell-common P-SCH sequence.
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(a) Synchronous network
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(b) Asynchronous network
Figure 3 2x repetition v.s. non repetition
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(a) Synchronous network                                         (b) Asynchronous network

Figure 4 Residual frequency offset error (2x repetition and non-repetition)  

· Simulation results
 Coherent detection of S-SCH by using P-SCH can occur in synchronous network as mentioned in [14]. Therefore, we considered asynchronous network only in order to investigate the validity of coherent detection at S-SCH. We can expand results from asynchronous network into synchronous network with cell-specific P-SCH sequence. Two correlators for S-SCH detection were considered; one is cross-correlator and the other is differential correlator. In here, cross-correlator was defined as to find the cell ID with the maximum value of the correlation output for all possible candidates, and differential correlator [2] was defined as to find the cell ID with the maximum value of the IDFT output after differential encoding, and it can detect cell ID with very low complexity. Differential correlator might be less sensitive than cross-correlator since it is able to support non-coherent detection well by its characteristic, as it is. M-partial correlation in time domain was performed considering residual frequency offset error.
 Figure 5 and Figure 6, respectively, shows the cell search time performances by using cross-correlator and differential correlator in asynchronous network with ‘0dB criterion’ unlike Annex A. In ‘0dB criterion’, the cell search is regarded as success only when the received signal power from detected cell is the strongest one from all cells. 
Coherent detection applying perfect channel estimation for the cell with strongest received signal power shows the best performance for all cases. However, coherent detection by perfect channel estimation and non-coherent detection generally show almost the same performance. In region ‘Inner’ which is relatively high SINR region, coherent detection by real channel estimation shows slightly better performance than non-coherent detection for cross-correlator. On the other hand, non-coherent detection shows slightly better performance than coherent detection by real channel estimation for differential correlator. This is due to the fact that differential correlator can support non-coherent detection by its own characteristic as mentioned in previous paragraph. It seems that the coherent detection is more preferable than non-coherent detection if the channel estimation is very reliable.
 However, it might not be necessary that detect the received power from detected cell should always be maximum of them. Rather, ‘3dB criterion’ could make sense. In ‘3dB criterion’, the cell search is regarded as success when the received signal power from detected cell is within 3dB of the strongest one from all cells. Figure 7 and Figure 8 show the cell search time performances by using cross-correlator and differential correlator in asynchronous network with ‘3 dB criterion’. From these results, non-coherent detection generally shows the better performance than coherent detection under ‘3dB criterion’.
 From these results, non-coherent detection of S-SCH seems to be more preferable on the assumption of using ZC sequence on S-SCH. Therefore, cell-common P-SCH sequence is more preferable since coherent detection at S-SCH doesn’t seem to be needed.
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Figure 5 Cross-correlator in asynchronous network with 0dB criterion
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Figure 6 Differential correlator in asynchronous network with 0dB criterion
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Figure 7 Cross-correlator in asynchronous network with 3dB criterion
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Figure 8 Differential correlator in asynchronous network with 3dB criterion
3.3 P-SCH sequence with additional bits
 Time domain sequence design was considered in [9]/ [10]/ [11]/ [12]. It was proposed in order to reduce the complexity of cross-correlation in time domain [9]/ [11]/ [12]. Our position for time domain sequence design is that consideration of time domain sequence design would be fine as long as the performance degradation is negligible compared with frequency domain sequence design and as 2x times repetitive structure is retained.
Instead, we will introduce two methods which can add additional bits at P-SCH in this section. One is Rotated Constellation, and the other is 2-level hierarchical structure. 

· Rotated Constellation
The P-SCH sequence with Rotated Constellation in time domain can be represented as equation (3).
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where 
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 is P-SCH before applying Rotated Constellation, 
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 is time index, and 
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is the amount of bits to be added. Of course, frequency domain expression is the same as this.
 This additional bit information can be detected after S-SCH cell ID detection in either time or frequency domain. Once S-SCH index is detected, the additional bits, which is phase component, can be decided after channel estimation at S-SCH and correlation with already known
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. The main advantage of this concept is that it can give additional information which is irrelevant to timing acquisition step by cell-common P-SCH, frequency estimation step, and cell ID detection step. These bits can be used as some information such as antenna configuration or something else.
· 2-level hierarchical sturucture in Nx repetitive structure
 Two-level hierarchical structure is similar to that mentioned in [10]. Let us assume 2x repetitive structure for simple explanation. Figure 9 shows an example for this. In this figure, the basic sequence with 2 repetition is modulated by Walsh sequence. Another sequence would be possible for modulating sequence. In this example, we might use this as one bit such as CP length, frame sync information in case of 2 SCHs in a radio frame, and so on. It is noted that the modulation operation should be performed in time domain in order to maintain cell-common P-SCH sequence. This 2-level hierarchical concept could also be combined with Rotated Constellation as introduced in previous section.
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(a) bit 0                                                                             (b) bit 1

Figure 9 Example of 2-level hierarchical structure in 2x repetitive structure
4. Secondary SCH
4.1 S-SCH structure
 We prefer the whole occupied structure in S-SCH as shown in Figure 2 since this structure can give more increased number of cell IDs with TDM of P-SCH and S-SCH structure. 
4.2 S-SCH sequence
 Our preferring S-SCH sequence is delayed CAZAC sequence which is circular shift version in time domain. The signal of S-SCH in time domain is delayed with certain delay offset value relatively to that of P-SCH. That is the reason why we call the circular shifted CAZAC as “delayed CAZAC.” Delayed CAZAC can be generated not only in time domain but also in frequency domain. As mentioned in [12], this circular shifted CAZAC sequence shows almost the same as phase-rotated sequence [13] and complex exponential wave [14], which are a part of GCL sequence. The number of delay IDs which we chose is 8 considering residual timing error after initial timing acquisition as well as maximum delay spread of TU channel model. In other words, regarding delay spread of channel, the number ‘8’ was selected in order to support the non-coherent S-SCH detection without channel estimation by P-SCH. When delayed CAZAC is applied to S-SCH, the number of available cell IDs can be up to 568 (=71*8) considering CAZAC usage at P-SCH, which satisfies 512. Figure 10 shows the example of delayed CAZAC generation.
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Figure 10 Example of delayed CAZAC generation
 Equivalently, delayed CAZAC can be expressed in frequency domain as equation (4).
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where 
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 can be a best choice in order not to shift non-SCH data outside 1.25 MHz bandwidth.
 These circular shift concepts including phase-rotated sequence and complex exponential wave may require the specific cell ID allocation in order to support both cross-correlator and differential correlator [2] at cell ID detection stage. Cross-correlator is to find the cell ID with the maximum value of the correlation output for all possible candidates. On the other hand, differential correlator is to find the cell ID with the maximum value of the IDFT output after differential encoding, and it can detect cell ID with very low complexity. Regarding differential correlator, some ambiguity problems occurs in particular situation such as cell boundary under synchronous network which transmits the signal at each NodeB at the same time. The example of this ambiguity is shown in Figure 11. The ambiguity situation can occur in the third figure case which is received by two signals with same sequence index and different delay index (circular shift index). From this observation, we suggest that delay index should be used as geographical cell group ID in order to solve this problem. The example for this is shown in Figure 12. Let us assume 8 geographical cell group IDs (delay IDs), and each cell group ID (delay IDs) consists of 64 sequence IDs as shown in Figure 12. This example can satisfy the current assumption of the number of available cell IDs as many as 512. The same approach for multi-sector case can be possible. This approach can give the flexibility of receiver design from the viewpoint of supporting not only cross-correlation based detection but also differential correlation based detection at S-SCH detection stage.
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Figure 11 Example of differential correlation output with ambiguity
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Figure 12 Example of cell ID configuration for 512 cells with delayed CAZAC
5. Conclusions
As a conclusion, we summarize our proposals on SCH structure and sequence as following:
<SCH structure>

- Multiplexing of P/S-SCH: TDM

- P-SCH structure: 2x repetitive structure

<SCH sequence>

- P-SCH sequence: Cell-common CAZAC family sequence with additional information
- S-SCH sequence: Delayed CAZAC which is shifted circularly in time domain
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Annex A – Simulation conditions
	Parameter
	Explanation

	Carrier frequency
	2 GHz

	Transmission bandwidth
	1.25 MHz

	Sampling frequency
	1.92 MHz

	FFT size
	128

	Number of used subcarriers (including DC carrier)
	76

	CP type
	Short CP

	Synchronization acquisition method
	Cross-correlation based detection

	S-SCH detection
	Non-coherent without channel estimation by P-SCH

	Number of multi-frames for averaging
	1 radio frame

	Sequence for P-SCH/S-SCH
	P-SCH
	Cell(sector)-common ZC-CAZAC

	
	S-SCH
	Cell(sector)-specific delayed ZC-CAZAC

	Used sequence length
	73

	Number of delay IDs
	8
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(a) Multi-cell environment                                     (b) UE dropping position for entire cell

Annex-Fig 1 Cell configuration and UE dropping position
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Annex-Fig 2 Definition region for simulation
	Parameter
	Explanation

	Cell layout
	Hexagonal grid, 3 sector sites

	Number of tiers / cells / sectors
	1 / 7 / 21

	Antenna horizontal pattern
	70 deg (-3dB) with 20 dB front-to-back ratio

	Inter-site distance (ISD)
	1000 m

	Propagation model
	L=128.1+37.6Log10(R), R in kilometres

	Standard deviation of slow fading
	8 dB

	Correlation between sectors
	1.0

	Correlation between sites
	0.5

	BS antenna gain
	14 dB

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Penetrate loss
	20 dB

	BS Tx power
	40 dBm

	Number of Tx / Rx antennas
	1 / 1

	Network condition
	Synchronous / Asynchronous

	Channel model
	6-ray Typical Urban

	Vehicle speed
	3 km/h

	Frequency offset between BS and UE
	Uniform distribution within (5 ppm for each UE dropping
(same frequency offset from all sites at a dropping)

	Frequency offset estimation
	Real estimation by P-SCH

	Sequence ID selection for each sector
	Randomly each UE dropping

	Criterion for successful cell ID detection
	If the received signal power from detected cell is within 3dB of the strongest received signal power

	Criterion for successful timing acquisition
	Within CP range to reference timing
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Annex-Fig 3 Criterion for successful timing detection
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