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1. Introduction
 It had been discussed on SCH structure, cell search procedure, multiplexing of P-SCH/S-SCH, SCH sequence, and inter-RAT measurement issues via e-mail discussion. In [1], it is suggested to put P-SCH/S-SCH/BCH in one subframe and fix the CP length of that subframe as long one in standards, which provide SCH/BCH with more CP protection and simplify the cell search process without considerable loss of downlink throughput. In this contribution, we will summarize our views regarding some other SCH issues.
2. SCH structure

 In [2], we showed that hierarchical SCH structure using cross-correlation based timing detection is superior to non-hierarchical one with auto-correlation based timing detection in view of supporting asynchronous network as well as synchronous network by multi-cell simulation. Most companies support hierarchical SCH structure via e-mail discussion and we also uphold hierarchical SCH structure. In this chapter, we will suggest the SCH structure on the assumption of hierarchical SCH structure. 
2.1 Multiplexing of P-SCH/S-SCH
 There are three possible options for multiplexing of P-SCH/S-SCH in hierarchical SCH structure as shown in [3]; TDM/CDM/FDM. We prefer TDM in view of not only good detection of cell IDs but also the enough number of available cell IDs as many as 512. For CDM case, inherent inter-code interference between P-SCH/S-SCH may result in performance degradation at cell ID detection stage as well as at timing detection stage. And for FDM case, the number of available cell IDs would be decreased and the detection performance of cell ID would be degraded due to the reduced sequence length by occupying a half resource at S-SCH relatively to TDM or CDM case. On the other hand, TDM can satisfy the number of available cell IDs by applying delayed CAZAC as introduced in [2] as well as no interference between P-SCH/S-SCH. In which, since the definition of SCH sequence has not been clear yet via e-mail reflector questioned by us, we will use the notation of “delayed CAZAC” instead of “delayed GCL” as introduced in [2].
2.2 Structure of P-SCH/S-SCH

 Our preferring P-SCH structure is shown in Figure 1 (a) similar to them proposed in [4] / [5] / [6]. Note that P-SCH which has alternated subcarriers in Figure 1 (a) is just an example. Any subcarrier mapping will be fine as long as two-repetition envelop at P-SCH can be retained. Figure 1 (a) shows an example of the suggested SCH structure without showing BCH, and Figure 1 (b) shows an instance of the conventional hierarchical SCH one for the comparison. The illustration is based on short CP. It is noted that this figure is only for an illustration in terms of P-SCH structure, CP length, and subframe position with SCH. S-SCH sequence occupies all the used subcarriers within 1.25 MHz for both cases. In this document, Figure 1 (a) case and Figure 1 (b) case will be respectively called Scheme 1 and Scheme 2 for convenience.
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(a) Two repetitions in time domain at P-SCH                   (b) No repetition in time domain at P-SCH

(Scheme 1)                                                                           (Scheme 2)
Figure 1 An illustration of P-SCH (These figures are only for an example)
· Simulation conditions
 We considered the multi-cell environment which consists of 21 sectors as shown in App.Figure 1. Cross-correlation based detection was used for both Scheme 1 and Scheme 2 shown in Figure 1 at P-SCH which has cell-common CAZAC sequence, whereas the different methods of frequency offset estimation were used for each case. Although combinational method of cross-correlation and auto-correlation based detections may be used for timing acquisition, we used following two equations for timing detection (equation (1)) and frequency detection (equation (2)). 
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where 
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 represent the known P-SCH sequence in time domain / the received signal / M value for M-partial correlation / FFT size / detected timing / estimated frequency offset normalized by subcarrier spacing 
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, respectively.
For Scheme 2, timing detection and frequency offset estimation can be done by using of equation (3) and (4), respectively.
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 We assumed a single Tx/Rx antenna without multi-frame averaging to detect SCH in this simulation. The remaining parameters for simulation are described in Appendix and were explained in detail in [2]. The used sequence for P-SCH/S-SCH in this section was Zadoff-Chu sequence which was truncated by the next prime number and the used correlator for detecting cell ID is differential correlator [7]. Also, we applied delayed CAZAC to S-SCH, which will be more discussed in section 3.2. It is noted that channel equalization was not adopted for coherent cell ID detection even though it can estimate the channel by using P-SCH.
· Simulation results
 The distribution of residual frequency offset error in case of successful cell ID detection was shown in Figure 2. The accuracy of frequency estimation must be one of the most important factors to be considered in multi-carrier systems in order to maintain orthogonality among subcarriers. Figure 2 (a) is for synchronous network, where SCHs are transmitted at the same time from all NodeBs and sectors. Figure 2 (b) is for asynchronous, where SCHs are distributed randomly among NodeBs and synchronized among the sectors within a NodeB. The propagation delays for both cases were also considered. In this figure, the capability of frequency offset estimation is better in Scheme 1 than in Scheme 2 under both synchronous and asynchronous network.
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(a) Synchronous network                                                      (b) Asynchronous network

Figure 2 Distribution of residual frequency offset error
 Figure 3 shows the cell search time performance for comparison of Scheme 1 and Scheme 2. In synchronous network, the 90% cell search time performances of Scheme 1/Scheme 2 are 10 ms/20 ms respectively. In asynchronous network, those of Scheme 1/Scheme 2 are the same as 60 ms. From the simulation results, the faster cell search time can be accomplished by Scheme 1 rather than Scheme 2.
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(a) Synchronous network                                                  (b) Asynchronous network
Figure 3 Cell search time performance
3. SCH sequence
3.1 P-SCH sequence

The correlation property, PAPR, and UE complexity for synchronization should be considered at P-SCH sequence. Our current preference for P-SCH sequence is CAZAC sequence.
3.2 S-SCH sequence

In [2], we introduced the delayed CAZAC which can increase the number of available cell IDs. In this section, we will describe more detailed application of delayed CAZAC.
 Delayed CAZAC is the circular shifted CAZAC sequence in time domain at S-SCH. 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. This concept might be very similar to GCL sequence modulated by complex exponential wave proposed in [5].
 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. Figure 4 shows the example of delayed CAZAC generation. 
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Figure 4 Example of delayed CAZAC generation
Equivalently, delayed CAZAC can be represented in frequency domain as equation (5).
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where 
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 The S-SCH sequence as shown in Figure 1 with N=75 can be generated by the truncated sequence from CAZAC sequence with length 79 which is the very next prime number to 75 with 78 sequence IDs and has a little degradation of correlation properties. In this case, the total number of available cell IDs of delayed CAZAC would be 624 (=8*78). It can be also generated, of course, from CAZAC sequence with length 73 which is the very previous prime number to 75 with 72 sequence IDs and has no degradation of correlation properties. In this case, the total number of available cell IDs of delayed CAZAC would be 576(=8*72).
 The delay information can be used as a geographical cell group ID. For example, 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 5. This example can satisfy the current assumption of the available number of cell IDs as many as 512. If the service providers want only 256 (=4*64) cell IDs, they can use four of the 8 delay IDs. This scheme can give the service providers the flexibility of cell planning. 
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Figure 5 An illustration for 512 cell IDs
4. Cell search procedure

 Our preferring cell search procedure is the 2 step without using reference symbols as shown in Figure 6. Since the number of available cell IDs is enough from S-SCH as many as 512 described in section 3.2, using the reference symbols is not needed any more. If we used the reference symbol for final cell ID detection, the sequence design for reference symbol would have been difficult in order to maintain the sequence orthogonality according to various transmission bandwidths at NodeB.
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Figure 6 Proposed cell search procedure
6. Conclusion

 In this contribution, we proposed the some modified P-SCH structure which can estimate the frequency offset effectively. Also, we proposed delayed CAZAC as the S-SCH sequence which can increase the number of available cell IDs up to more than 512. Finally, we summarized our some SCH views as following;

· SCH structure: hierarchical structure

· Multiplexing of P-SCH/S-SCH: TDM

· P-SCH structure: Scheme 1 like Figure 1 (a) which has two repetitive waveforms at lease for 1.25 MHz bandwidth in an OFDM symbol
· SCH sequence

· P-SCH sequence: CAZAC sequence
· S-SCH sequence: Delayed CAZAC sequence

· Cell search procedure: 2 step without using reference symbol
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Appendix – Simulation parameters
	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

	Number of unused subcarriers
	52

	CP type
	Short CP

	SCH structure
	Hierarchical

	Synchronization acquisition method
	Cross-correlation based detection

	Multi-frame averaging
	None (1 frame used)

	Sequence for P-SCH/S-SCH
	Truncated ZC sequence of prime length

	Sequence length

( value in <> means prime number before truncation )
	75 <79>

	Number of delay IDs*
	8


* This parameter is for delayed CAZAC
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(a) cell configuration                                                             (b) UE dropping position
App.Figure 1 Cell configuration and UE dropping position 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

	Thermal noise density
	-174 dBm/Hz

	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)

	Cell 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
	(10 samples to reference timing (1.25 MHz BW)
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App.Figure 2 Criterion for successful timing detection (illustration only for 1.25 MHz BW)
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