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Frame design for relay system with variable subcarrier space
Martin Liu, Xin Chang, Tao Qian

Huawei
Background
In section 8.1 of SRD, an optional requirement of supporting for multi-hop relay is specified. And in section 7.1 of same document, two times relative performance to WirelessMAN-OFDMA reference system is demanded. Therefore, relay should be employed not only for extending coverage but also improving performance.
For simplicity, the channel between base station and relay station is termed as relay link and the channel between relay station/base station and terminal is termed as access link in following description. 

In the deployment scenario of static relay station, position of base station and relay station is fixed. So Doppler shift caused by mobility for relay link is very diminutive. Moreover, most positions of relay station are chosen to maintain LOS between relay station and base station. Besides, relay stations are mainly installed at the top of roof or pole, which means faint reflection and dispersion. Such deploying scenario is shown in following figure. In summary, relay link comes through better channel condition than access link.
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Figure 1: Deploying Scenario of Fixed Relay Station

However, in current frame design, it always specifies the fixed subcarrier space to maintain the performance even under worst case, and without consideration of different configurations for better case and worse case. In OFDMA system, when length of cyclic prefix (CP) is fixed, the subcarrier space will determine the ratio of CP over whole OFDM symbol. Obviously, this approach can not utilize spectrum efficiently.
Proposal
The lower bound of subcarrier space (△f) is determined by maximum Doppler frequency shift. Normally, Doppler frequency shift (fD) can’t be measured exactly and cancelled completely. However, if it can be guaranteed that subcarrier space is greater than 15~20 times of Doppler frequency shift, the deterioration caused by Doppler frequency shift is tolerable.

In order to eliminate ISI, a CP is inserted before each OFDM symbol. And the length of CP should be greater than maximum delay spreading. Since useful OFDM symbol time Tb＝1/△f，longer Tb means smaller overhead when length of CP is fixed.

Since different type of link quality can be expected, if variable subcarrier space is specified for different link, overhead caused by CP can be reduced without any loss of performance when the configuration of subcarrier space keeps alignment in time domain among cells. For example, wide subcarrier space can be specified for access link and narrow subcarrier space can be assigned for relay link. Besides, the density of pilot can be adjusted according to corresponsive channel characteristics. 
The equation for the calculation of subcarrier space is △f = fs/FFT Size = BW*n/FFT Size, where BW is system bandwidth.
From above equation, it’s clear that increasing FFT size can narrow down subcarrier space under same system bandwidth and over-sampling factor. In order to simplify IDFT/ FFT computation, the FFT size should be exponential of 2. It means the FFT size for relay link should be 2k times of normal FFT size. 

Since the length of symbol duration will change if different subcarrier space is adopted, we suggest the last downlink sub-frame should be set for relay link.
According to above description, an illustrated frame structure of proposed scheme is given as following figure:
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Figure: An illustrated frame structure of proposed scheme

In above figure, mauve OFDM symbol represents symbol with normal subcarrier space, and blue OFDM symbol represents symbol with narrower subcarrier space. For both kinds of OFDM symbol, same length of CP is inserted before each OFDM symbol.
Of course, if adjacent cells adopt different configuration for the subcarrier space at the same time, ICI (inter-carrier interference) and ISI (inter-symbol interference) will be introduced. However, employment of such relay station should mitigate interference by attenuation of signal due to distance. Moreover, beamforming technology can be adopted to reduce interference for adjacent cells.
Conclusion
We proposed to adopt different configuration of subcarrier space for relay link in order to improve system performance.

  


