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Introduction

This paper discusses the structure of the LTE synchronisation channel, as summarised following the e-mail discussions during July and August
Synchronisation procedure

Figure 1 indicates the proposed cell search procedure. Timing acquisition is obtained from the primary SCH; as explained further on frame timing can also be detected from the positions of subframes containing primary SCH. Following this, the secondary SCH is detected and used to detect cell and antenna configuration ID; in case insufficient bits can be encoded into the secondary SCH then the primary RS could also be considered. Following detection of the cell ID and antenna configuration, the BCH is read.
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Figure 1 Synchronisation procedure

Hierarchical vs Non Hierarchical

The hierarchical structure consists of a primary and secondary SCH, transmitted in parallel to one another in a similar manner to the Release99 WCDMA system. Frequency multiplexing primary and secondary SCHs implies that so-called “replica” based detection is required, in which the SCH searcher carries out a cross correlation between the received signal and a known (set of) primary SCH sequence(s). On detection of the primary SCH, the secondary SCH sequence can be detected with lower complexity since the timing of the secondary is then known. The selection of primary and secondary SCH can be used to indicate information about the cell. 

A non hierarchical SCH implies that there is only one, primary SCH. An efficient means for timing detection is the so-called “autocorrelation based” method. Using this method, the SCH is repeated at least twice in time, and then the time domain searcher can detect the timing by means of carrying out an autocorrelation between the received signal at time N and e.g. N + ½ symbol period. One the timing is known, the SCH sequence can be detected using a cross-correlation; choice of sequence can again be used to signal basic information about the cell.
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Figure 2 Hierarchical and non hierarchical SCH structures

Of interest in comparing the two is performance and complexity. The hierarchical SCH outperforms the non hierarchical SCH at low SNR, whilst the reverse is true at high SNR. However it is highly desirable to standardise only one type of SCH scheme. 
Replica based detection implies an increased complexity for the UE searcher compared to autocorrelation based detection. However a hierarchical SCH scheme has already been implemented successfully for WCDMA, which implies that the complexity of such a searcher should be within reasonable limits, in particular since the SCH for LTE is defined in a quarter of the WCDMA bandwidth.
At high SNR, it is likely that the UE will be making an initial cell search after being switched on rather than synchronising to a neighbour cell. Neighbour cell detection performance is of greater importance than initial cell search as latency is a more critical issue. Hence for a unified SCH design, we recommend adoption of a hierarchical SCH structure.
SCH frame structure

The primary and secondary SCHs should be frequency multiplexed and be fitted into a single OFDM symbol. The remainder of subframes containing SCH may be used for e.g. unicast data or the BCH. The SCH should not be placed into the symbols containing L1/2 control information and pilots, to minimise the impact of SCH transmission on the subframe structure.
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Figure 3 Example SCH structure. Frame timing is detected where 2 two symbol subframes occur consecutively. Also indicated is the index of the secondary SCH symbol number

In order to satisfy inter-RAT measurement requirements, SCH should be repeated at least before 4.6msec within a 10msec radio frame.  Figure 4 indicates the detection performance on primary SCH detection in AWGN against the amount of SCH resources within a radio frame for several geometry values, whilst Figure 5 indicates geometry distributions for simulation cases 1-4. For adequate detection performance, around 4 symbols containing SCH are required in AWGN a 10msec radio frame. In a fading channel and with frequency error, this number may be higher. On the other hand, longer detection times would allow for a reduction in the number of SCH symbols.
Similarly to WCDMA, secondary SCH symbols can be used to form a codeword within each 10msec radio frame that can be used for transmitting cell information. The amount of information to be transmitted may be larger than is the case for WCDMA, since e.g. information on cell bandwidth and/or BCH bandwidth needs to be conveyed. In WCDMA, 16 sequences are used enabling a 4 bit symbol to be transmitted every slot. For LTE, only 1.25MHz and half of samples are available for sequence design, which restricts the number of sequences. 
Design of the secondary SCH encoding will depend on the number of SCH symbols in the reference period (which might in turn be determined by the number of symbols required for adequate primary SCH detection performance) and the secondary detection performance.
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Figure 4 SCH detection performance in AWGN. Ns represents the number of SCH symbols per frame and Nc the number of coherent correlations
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Figure 5 Downlink geometry for the simulation cases in 25.814
SCH sequences
WCDMA defines a single primary SCH of length 256 chips and 16 secondary SCH codes, in 5MHz of spectrum. In the case of LTE, definition of a single primary SCH also seems reasonable. The SCH must now fit within 1.25MHz of spectrum and the length of the SCH should enable it to be fitted into a single OFDM symbol. The primary and secondary SCH sequences could be designed using CAZAC sequences. For the primary, a Zadoff Chu sequence would offer good autocorrelation properties, whereas for the secondary sequences modulated Zadoff Chu sequences (GCL), modulated with, for example Hadamard or DFT would offer both good autocorrelation and good cross correlation properties, which may be important in a synchronised network or an unsynchronised one in which SCH symbols coincidentally collide. 

Conclusions

· SCH is located in the central 1.25MHz of the cell for at least 4 symbols in every frame
· A single primary SCH is used, constructed of a CAZAC sequence and using every second subcarrier

· Secondary SCHs are transmitted in parallel with the primary SCH (i.e. frequency multiplexed) and use GCL sequences 

· SCH sequences are encoded using an (x,y) RS code, with x and y being detemined by the number of SCH symbols and the secondary SCH detection performance
· Any remaining cell information is either sent in the broadcast channel or detected using the primary reference signals.
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