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1 Introduction
A hierarchical SCH structure (P-SCH, S-SCH) for supporting a hierarchical cell search procedure for initial acquisition has been agreed. Thus, the P-SCH is supposed to provide for timing and frequency acquisition, whereas the cell IDs are decoded from the S-SCH. The detailed design of the SCH is yet to be decided. In this contribution, we discuss and propose a suitable hierarchical SCH structure, particularly allowing for a unified cell search solution for both modes of E-UTRA. 
2 Requirements on SCH structure
A general requirement on the SCH structure is that, for simplicity and coexistence reasons, the same synchronization signals should be used both in E-UTRA FDD mode and E-UTRA TDD mode [1]. A fixed subframe containing the SCH has to be assigned to the downlink in the TDD mode, thus limiting the flexibility of the TDD switching point allocations. If the SCH is spread out over many subframes, the restrictions on TDD switching point allocations and on the ratio of uplink and downlink timeslots will be more severe. In that sense, it would be desirable to minimize the number of subframes carrying SCH signals. Consequently, the S-SCH should be allocated to dedicated OFDM symbols, rather than being modulated on to the reference symbols, lasting over the whole radio frame. Although dedicated symbols introduce more overhead for the S-SCH, it can still be kept at reasonable levels. For example, using in total 4 symbols for the SCH per radio frame, gives just 2.86% overhead. 
2.1 Placement of SCH symbols 

By multiplexing the S-SCH to dedicated symbols, the number of downlink subframes allocated to the SCH can be reduced by placing the S-SCH symbols in the same subframes as the P-SCH symbols. This is favorable for the TDD mode and maintains its flexibility.  The placement of the SCH symbols into the radio frame should allow for simple averaging of correlator outputs in the timing detection [2]. Thus, the locations of the SCH subframes should be equally spaced over the radio frame.
2.2 SCH detection with unknown CP length
It has been observed that the use of either short or long CP lengths may cause ambiguity for the subframe timing, as it is not directly obtained from the P-SCH symbol timing. In [2], three methods were outlined to mitigate this problem
. Thus, if the P-SCH and S-SCH symbols are allocated to different subframes, any of these methods would also give the timing of the S-SCH from the subframe timing.  However, if a P-SCH symbol and an S-SCH symbol are allocated to the same subframe with unknown CP length, the problem with short and long CP lengths remains and needs to be taken into account for finding the correct timing of the S-SCH within the subframe. If the CP length is unknown, the S-SCH position does not necessarily follow directly from the P-SCH timing, or the subframe timing. Therefore, for coping with this, either the CP length or the direct position of the S-SCH within the subframe needs to be determined. Alternatively, as described in [2], some form of restriction to the CP length of all the subframes which contain the SCH must be considered.

2.3 Multiplexing of P-SCH and S-SCH
FDM of P-SCH and S-SCH within one OFDM symbol may offer less SCH overhead than TDM, but give worse timing detection performance. This is due to the SCH OFDM symbol energy being split between the P-SCH and S-SCH, so that the S-SCH signal acts as a superimposed interference in the replica-based correlation detection of the P-SCH. This may lead to longer cell search times and in the end require a design with more SCH symbols per radio frame. Therefore, with respect to TDD flexibility, FDM may not necessarily reduce the number of utilized subframes, only the number of OFDM symbols within the SCH subframe. Moreover, due to transmitting the P-SCH and S-SCH on the same OFDM symbol, the S-SCH sequence will need to be shorter, which may reduce the amount of cell IDs and equivalently require more subframes.  Thus TDM is preferred.
3 P-SCH structure
Some proposals for detection of the S-SCH consider the use of channel estimates from the P-SCH, to allow coherent detection. However, it has also been shown that, in synchronized networks, the composite P-SCHs do not reflect the individual S-SCH [3]. The main implication of this is severely deteriorated channel estimation. The use of several cell-specific primary synchronization codes was suggested to alleviate this problem. However, such an approach increases the complexity of the system, as typically some form of network planning of the sequences is needed. Moreover, the set of needed P-SCH sequences may become increasingly large, e.g., if the cells are highly sectorized. The complexity of the receiver is also correspondingly increased, as a number of candidate sequences have to be used in the timing detection. It would therefore be desirable to have only one P-SCH sequence.
It has been suggested that the P-SCH sequence should exhibit a time-domain periodicity to allow for hybrid methods of timing detection [4]
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[5]. Thereby the complexity is reduced, since an initial coarse timing detection by a differential correlator may shorten the range over which the more computationally demanding replica-based cross correlation is applied to. This may, e.g., be useful for the non-initial cell search. Time-domain periodicity is also useful for the frequency offset estimation. 
It is of course still of interest to minimise the implementation complexity of the replica-based correlator. If for example, the P-SCH is a complementary sequence from a pair of complementary sequences, a very efficient correlator, so-called Efficient Golay Correlator (EGC) can be implemented for any such sequence [6]. This was one of the key motives to adopt the Hierarchical Golay sequence as a P-SCH in the WCDMA standard. The Golay sequences are the binary complementary pairs of sequences. 

Thus, taking into account the previous discussion about the benefits of hybrid P-SCH detection, our proposal is to define the E-UTRA P-SCH as a concatenation of several replicas of a binary (Golay) complementary sequence from a pair of complementary sequences. If we denote a complementary sequence A of length N, then the P-SCH consisting of M replicas of A can be expressed as 

P-SCH=[A, A,…, A] . 

For this signal, an efficient correlator can be designed by using a single EGC matched to the sequence A, and M-1 delay lines of length equal to the length of sequence A. 

The double-repetitive structure of P-SCH (M=2) maximizes the coherent averaging gain. However, to improve the detection at high Doppler frequencies, it might be beneficial to non-coherently combine multiple coherent correlation values obtained by replica-based correlation of the segments of the P-SCH. 
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Figure 1. Example of efficient correlator for the double-repetitive P-SCH based on a Golay sequence.
4 S-SCH structure
An S-SCH sequence mapped to a dedicated OFDM symbol, experiences the channel correlation between consecutive subcarriers. Therefore, with such a scheme, it is to a large degree possible to cancel the channel, without using channel estimates from the P-SCH, by using a differential decoder [7]-[9].  Thus, the use of only one P-SCH sequence is possible. As this type of detector has been shown to work well and to be robust to residual frequency offsets for non-hierarchical schemes, it will also apply to the hierarchical scheme. 
The S-SCH can only be demodulated from the knowledge of the P-SCH position if the CP length is known. The CP length can either be blindly detected by some hypothesis testing or, restrictions to the CP lengths of subframes containing the SCH should apply [2]. It was pointed out in [2], that such restrictions may impact the flexibility for TDD and MBMS transmissions. However, if the S-SCH also has certain time-domain properties, e.g., periodicity and/or symmetry, those properties can additionally be utilized in determining the position of the S-SCH relative to the P-SCH. For example, real-valued sequences always imply a time-domain symmetric S-SCH OFDM signal, which can be detected by a reverse differential correlator. Such a correlator will generate a distinct correlation peak at the start of the symbol. By first using replica-based detection on the P-SCH for finding its symbol timing, only two S-SCH positions need to be tested by a reverse differential correlator, corresponding to a short or long CP, respectively. The S-SCH timing relative to the P-SCH also implicitly gives information of the subframe timing, since the CP length is fixed within a subframe. Hence this method can also be used for the same purpose (i.e., finding subframe timing from the P-SCH position) as for the three methods listed in [2], but allowing a much more flexible placement of the SCH symbols, and without restricting or changing any CP length in such an SCH subframe. Although it is still for further study whether the CP length on the BCH channel should be fixed or not, it is reasonable to assume at least that the SCH and BCH of a single cell will have the same CP length. Therefore, the demodulation of the BCH could be done, using the CP length obtained from the SCH.  
Finally, the S-SCH signals should allow for efficient implementation of the cell ID decoding structure. 
The centrally symmetric signals [7] can perfectly satisfy all the three above requirements. Thus the S-SCH can be implemented through the signals obtained as Inverse Discrete Fourier Transform of a set of real- valued sequences, obtained as the inner product of a Golay complementary sequence and a set of differentially encoded Hadamard sequences. After OFDM demodulation and differential decoding, these sequences become orthogonal which assures good detection performance of the cell ID. The centrally symmetric shape of transmitted OFDM signals allows for very accurate timing detection before demodulation. The detection of the cell ID can be very efficiently implemented by a fast Hadamard transform. 
Compared to the polyphase complex S-SCH sequences based on Zadoff-Chu sequences, which can be detected by a DFT after differential demodulation, binary S-SCH sequences allow for much simpler cell ID detector, because no multipliers are needed.
5 Proposal for Hierarchical SCH 
From the above discussions, a preferred SCH should contain one P-SCH sequence and an S-SCH transmitted on dedicated OFDM symbols. For example, using the sequences from [7], the number of S-SCH sequences becomes 64. Therefore 2 different S-SCH symbols within a radio frame will be sufficient to convey 4096 cell IDs. Each respective S-SCH symbol should be accompanied by one P-SCH symbol in the same subframe, i.e., in total 2 subframes would be used. If we restrict the codewords (i.e., the two S-SCH symbols) to also be cyclically unique, there remains 2016 codewords, which is sufficient under current working assumptions. Such a construction assures that frame timing is included in the S-SCH detection. Thus a proposal for an SCH can be summarized as in Table 1. 
Table 1 Summary of hierarchical SCH design.

	P-SCH signal
	1 network common double-repetitive Golay complementary sequence

	S-SCH signals
	IDFT of inner product of a Golay complementary sequence and a set of 64 differentially encoded Hadamard sequences.

	# subframes for SCH
	2

	# P-SCH symbols/frame
	2

	# S-SCH symbols/frame
	2

	Multiplexing of P-SCH & S-SCH
	TDM


As for WCDMA, 512 cell IDs can be conveyed. If the number of cell IDs needs to substantially larger, several S-SCH symbols can be multiplexed into the SCH subframes.

The computational complexity of this scheme can be compared to that of WCDMA. For cell ID detection in WCDMA, correlation operations are performed for each of the 16 SSCs in the 15 S-SCH slots. Then, up to 15 cyclic shifts have to be evaluated for each of the 64 scrambling code groups. If, e.g., a maximum likelihood decoder is used, 64*15 metrics are computed just to find the frame timing and the scrambling code group. Then demodulation and search of the pilot channels to find the scrambling code adds 8 more correlation computations. In total, this gives a complexity measure of 16*15+64*15+8=1208. In our case, to detect any of the 512 IDs and the frame timing, we use only two symbols. Correspondingly, such a decoder would first compute 64*2 correlations and then calculate 512*2 metrics. In total, this gives a complexity measure of 64*2+512*2=1152. Thus decoding complexity is lower than in the WCDMA reference case.

If it turns out to be beneficial to have the S-SCH signals which are also periodic (e.g., for frequency offset estimation), this scheme gives the possibility that the S-SCH sequence could be mapped on every other subcarrier, which generates a periodic S-SCH signal. 
6 Conclusions

To provide simple cell search procedure, we suggest a hierarchical solution using one common P-SCH signal based on repetitive Golay sequence. For efficient coexistence between FDD and TDD mode, the S-SCH should be transmitted on dedicated OFDM symbols and a subframe containing a P-SCH symbol also contains an S-SCH symbol. Time-domain symmetry properties of the S-SCH may be utilized for finding its timing relative to the P-SCH as well as the subframe timing, in situations where the CP length of the subframe is unknown. The decoding complexity is lower than for WCDMA and 512 IDs are included.. 
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� Method 1 multiplexes the SCH symbol to the last symbol in the subframe. Method 2 multiplexes the SCH symbol to the first symbol in the subframe, using a short CP length for it. Method 3 uses a fixed CP length for all subframes containing the SCH.





