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A New Preamble Structure for Robust Timing/Frequency Synchronization IEEE 802.16m System
Pei-Kai Liao, Chih-Yuan Lin, Ciou-Ping Wu, and Paul Cheng
MediaTek Inc.

I. Introduction

This contribution is to propose a new preamble structure to provide robust timing/frequency synchronization for P802.16m system. In current IEEE 802.16e system, PRBS is used as preamble code sequence and it is interleaved by 3 over sub-carriers to separate the code sequences by FDM for each segment to avoid preamble collision. However, there are some drawbacks for this preamble design. First, non-structural code sequences increase the hardware complexity of transceiver design due to additional memory for the storage of all code sequences and computational burden of code sequence searching. Second, because each segment uses a different code sequence for its preamble, it not only lacks of additional multi-cell diversity gain but may suffer from interferences from other cells at the cell edge. Thus, it might result in poor synchronization performance for cell-edge users. Finally, small sub-carrier spacing may cause synchronization difficulties in high mobility environment due to large Doppler spread. To resolve these drawbacks, one may like to design a better preamble structure together with a structural code sequences to enhance the synchronization performance. 
In this contribution, we focus on the design of preamble structure instead of code sequences. The proposed preamble structure occupies the time length of one regular OFDM symbol only. No additional overhead is required so as to maximize the spectral efficiency. Robustness to Doppler spread due to high mobility, compared to IEEE 802.16e system, is another advantage it holds. This also helps IEEE 802.16m system to meet strict performance requirement in high mobility environment (up to 350 km/hr). Furthermore, any kind of code sequences, including both structural and non-structural code sequences, can be applied to enjoy the good properties of the proposed preamble structure.
II. Considerations of New Preamble Design
· Low overhead:

In order to keep high spectral efficiency of 802.16m system, at most one OFDM symbol for preamble is desired, especially for the case where legacy support is enabled. More than one OFDM symbol overhead may waste precious spectral resources.

· Improved synchronization performance for cell-edge users:

For cell-edge users, it is desired to have similar synchronization performance as those at the location close to base station. Good preamble structure can enhance the synchronization performance of cell-edge users without degrading others.
· Robustness to Doppler spread induced by high mobility:
According to SRD, it is required to maintain the network connection under the speed up to 350 km/hr. Preamble structure which is robust to large Doppler spread is desired so as to make MS remain synchronized with BS to keep network connection.
· Avoidance of preamble collision between segments:
Preamble collision degrades the detection rate of correct preamble sequence and thus results in misjudgment of segment identification. This may also delay the network entry or fail MS’s connection with BS. To avoid performance degradation, a scheme for avoidance of preamble collision between segments is desirable.
· Auto-correlation preamble detection:
Auto-correlation preamble detection without decoding preamble code sequence can largely decrease the number of failure trials and thus speed up the synchronization process. Special characteristics of time-domain preamble sequence may be helpful for this process.
III. Proposed Preamble Structure
16m preamble consists of two parts: (1) Primary Synchronization Channel (P-SCH) and (2) Secondary Synchronization Channel (S-SCH). P-SCH is used for coarse synchronization, channel bandwidth identification and cell type classification (for example, classification of femto-cells and macro-cells) while S-SCH is for fine synchronization, sector/cell identification and channel estimation.

16m preamble can be located at the first OFDM symbol of each 5-ms 16m frame, as shown in Fig. 11.x.2.1.2-1. In other words, there are four 16m preambles in one super-frame and each of them occupies one OFDM symbol, including both P-SCH and S-SCH. P-SCH occupies fixed minimum bandwidth (5 MHz) in frequency domain and is common for all sectors if the channel bandwidth and cell type (femto-cell or macro-cell) in sectors are the same. S-SCH occupies the whole channel bandwidth and is distinct between sectors.
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Figure 11.x.2.1.2-1  Location illustration of 16m preamble (example)
P-SCH and S-SCH are multiplexed by TDM and share one OFDM symbol. The OFDM symbol for synchronization channel is partitioned into two portions. The first portion is for P-SCH and the second portion is for S-SCH. CP is applied to S-SCH only so that the time length of P-SCH is N/2 samples and the time length of S-SCH is (N/2+CP) samples, where N is the number of sub-carriers in a regular OFDM symbol. Its temporal domain structure is illustrated in Fig. 11.x.2.1.2-2. While decoding P-SCH, the first half of 2nd period is copied to replace that of 1st period before FFT.
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Figure 11.x.2.1.2-2  Temporal domain structure of 16m preamble

In frequency domain, N/2 sub-carriers are deployed over the whole bandwidth in both P-SCH and S-SCH. In other words, they are two separate short OFDM symbols in temporal domain. This arrangement makes sub-carrier spacing twice larger than that of a regular OFDM symbol and thus enhance the robustness to frequency offset and Doppler spread. Fig. 11.x.2.1.2-3 illustrates an example of frequency domain structure of the preamble. DC tones are zeroed and X [the number is TBD] guard sub-carriers are applied to meet the spectral mask requirement in both P-SCH and S-SCH. Code sequence in P-SCH is interleaved by 2 over sub-carriers so that P-SCH has 2-period structure in temporal domain and the first period can function as a CP. The period length shall be larger than the CP length of a regular OFDM symbol in order to avoid inter-symbol interference. For S-SCH, code sequence can be either interleaved by 3 over sub-carriers. For different sectors/cells, code sequences are modulated over same subcarriers in P-SCH and different subcarriers in S-SCH.
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Figure 11.x.2.1.2-3  Frequency domain structure of 16m preamble (example)
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