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1. Introduction

It is commonly agreed that in the evolved UTRA system, a data rate up to 100 Mbps should be provided and different mobility should be supported[1][2]. In this contribution, we put forward an adaptive dual cyclic timeslot structure, which can be widely used in different air-interface proposals, including single carrier systems, Generalized Multi-carrier (GMC) systems, and Orthogonal Frequency Division Multiplex Access (OFMDA). By using the proposed timeslot structure, the implementation of the receiver can be easily done by the FFTs with less overhead introduced, different mobility can be best accommodated by an appropriate timeslot structure.

In this contribution, we take the GMC air-interface as an example. However, the proposed timeslot structure can be extended to the other cases in a straightforward manner. The overall framework of the generalized multi-carrier radio transmission technique can be characterized as follows: (a) The system can work in basic mode or an extension mode. Under the basic mode, the whole bandwidth 
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 is divided into a parallel of subcarriers with 3dB bandwidth of 1.28MHz. The multi-carrier synthesis and analysis can be realized by multi-carrier synthesis/analysis filter banks, which can be implemented by DFT efficiently. Under the extension mode, three adjacent sub-carriers can be merged into an extension subcarrier with bandwidth of 3.84MHz. This provides a flexible usage of the radio resources and the possibility of co-existence and backwards compatibility with 3G systems. (b) In each subcarrier, adaptive dual-cyclic time slot structure, space-time coding, spatial multiplexing, adaptive MIMO transmission, and iterative detection/decoding are used to efficiently support high date rate packet transmission fulfilling the requirements in data rate, spectral efficiency and power efficiency.
2. Adaptive dual cyclic timeslot structure
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Fig. 1. The adaptive dual cyclic timeslot structure.
In traditional cellular systems, the timeslot structures are usually fixed. To cover a large dynamic in mobility, timeslot is designed to support maximum possible speeds of mobile terminals, leading to a waste of radio resource. To improve the efficiency, a timeslot structure adaptive to the speed of mobile terminals has been proposed. In this case, several different timeslot structures are designed to adapt to different speeds, and the selection of the timeslot structure can be performed on the basis of the estimation of Doppler shift. 

The signal sequences are transmitted timeslot by timeslot; Fig. 1 shows the adaptive timeslot structure. Each timeslot consists of one or more sub-timeslots, the number of which is chosen adaptively according to the speed of the mobile terminal, and a tail. Each sub-timeslot consists of cyclic guard G, pilot P, user data D and control information C; the tail consists of cyclic guard G and pilot P. The length of cyclic guard LG should be no shorter than the maximum channel delay spread P and shorter than that of the pilot sequence LP, of which the last LG data constitute the cyclic guard. The pilot sequence is the same for different sub-timeslot. It is worth noticing that prior to each pilot sequence there is the cyclic guard that is useful for channel estimation, while prior to a segment consisting of user data D, control information C, and the subsequent cyclic guard G and pilot sequence P, there is also a "cyclic guard" (G+P) which could be helpful for the detection of the transmitted signal. This is an important feature of the timeslot structure shown in Fig. 1.

The applications of the timeslots are shown in Fig.1 (a), (b) and (c) corresponding to the mobile station (MS) radial speeds of 0km/h to 50km/h, 50km/h to 120km/h and 120km/h to 300km/h respectively. In fact, the proposed adaptive dual cyclic timeslot structure is more robust to the slight Doppler estimation error, which means that the error selection of schemes in Fig.1 for the MS radial speeds around 50km/h and 120km/h will put almost no penalty to the system performances.

There are several simple ways in estimating the Doppler shift or radial speed, including the correlation calculation of the channel estimate coefficients between the pilot head and tail in a timeslot [3] and Level Crossing Rate (LCR) [4]. It should be noted that the requirement for the estimation accuracy is not so strict in that only low, medium, and high mobility should be distinguished.
3. Pilot design and channel estimation
In a MIMO system, the number of channel parameters to be estimated increases linearly with the number of transmit antenna and receive antenna, and correspondingly, the pilot design and channel estimation is critical for practical MIMO system.

Under the dual cyclic timeslot structure, cyclically shifted versions of a cyclic orthogonal sequence can be used as pilot sequences for multiple transmit antennas. Thanks to the cyclic guard prior to each pilot, the received pilot matrix keeps orthogonal. With a dedicated cyclic orthogonal pilot sequence, the received pilot matrix can be well structured. These allow a low complex and optimal LS channel estimation in the sense of MMSE, from which more accurate channel estimates can be obtained by exploiting the correlation in time domain, and the channel parameters for data and control segments can be obtained via interpolation.

A sequence
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 is cyclic orthogonal, if it is orthogonal to its cyclically shifted versions. Assume that 
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Here we assume that the energy of the sequence is equal to its length. When used as pilot, the sequence is expected to have constant module, and the symbol set should be as smaller as possible. Without loss the generality, we set 
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The construction of cyclic orthogonal sequence can be found in literatures, see [5], [6] and [7] for examples. To simplify the implementation at the receiver, here we only consider the construction of the sequences whose length is power of two. A cyclic orthogonal sequence of length 
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 can be derived from DFT matrix. Assume that 
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into a vector column-wise. It can also be verified that the dedicated sequences are special ones of Frank sequence and Milewski sequence with 
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It can be proved that with cyclic orthogonal sequence, optimal LS channel estimation in the sense of MMSE can be obtained. In addition, with the above sequences and the decomposition of the pilot matrix, a fast channel estimation algorithm with complexity lower than 
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 point FFT can be obtained.
4. Conclusions
In this contribution, we put forward a robust technique——adaptive dual cyclic timeslot structure to meet the high mobility requirement in upcoming communications. The significant advantages of the proposed structure lie in three aspects. First, the cyclic orthogonal sequence used as pilot sequences for multiple transmit antennas reduces the computational burden for channel estimation significantly. Second, the proposed structure can be adaptively adjusted according the Doppler frequency, which improves the system performance. Last, it can be used not only in single carrier systems but also in GMC systems.
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