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Closed-loop Link Adaptation Technique for IEEE 802.16m System
Fujitsu
1. Introduction
To improve the spectrum efficiency of 16m system, various link adaptation techniques should be supported according to the channel condition so as to achieve better utilization of valuable resource.
In previous wireless multi-carrier systems, such as, IEEE 802.11a, 16e, cyclic prefix (CP) and virtual sub-carrier (VC) are adopted to prevent the system suffering from the impairment of inter-symbol and out-band interference. The length of CP should longer than the maximum channel delay and the number of VCs is set such that the spectrum mask requirement should be satisfied. However, in some cases, the redundancy of CP is waste as the CP length is much longer than the real channel delay which reduces the valuable spectrum. On the other hand, the usage of VC causes over-protection in some case which wastes the spectrum resource too.
As the channel is varying with respective to the time and environment, the transmission should adapt to the current channel condition. In this contribution, we shall propose the high-efficiency link adaptation techniques to make better use of resource by adaptively adjusting the numbers of VC or CP according to the channel condition.

2. Closed-loop link adaptation technique
In this section, link adaptation technique will be proposed to make better use of CP and VC with feedback of estimated channel delay. The diagrams of the proposed method is shown in Fig.1 which includes the common modules of channel delay estimator, feedback and VC number adjusting.
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Fig.1 Framework of the proposed closed-loop link adaptation scheme.
For the module of channel delay measurement in Fig. 1, the actual delay of channel between BS and respective UE is estimated in current frame. The estimation can be based on pilot subcarriers or the preamble sequence which is known to UE. If there is no CP waste or the redundancy of CP, i.e., the difference of CP length and actual maximum channel delay, is less than the predefined threshold, keep the current transmission format unchanged. If the CP length is much larger than actual maximum channel delay, this information should be used for adjusting the transmission format. 
When estimation of channel delay is done in UE side and the link adaptation is applied in downlink, UE should feedback quantized information bits of actual maximum channel delay to BS side. The quantization of the actual channel delay can be based absolute value, relative value to current CP length, etc. After BS receiving and decoding the delay information bits from all UEs, part of VC subcarriers can be occupied by the data symbols of the users with less channel delay as those users have many CP samples to window the received signals so as to meet the mask requirement although the number of VC subcarriers is reduced. Downlink signaling overhead should be required to inform the location of data to those users. Moreover, the estimation and feedback of channel delay can be done every frame or sup-frame as such delay variable is not varying frequently in most cases.
In uplink case, BS estimates the channel delay information directly and feedback is omitted. The remaining processing at BS is to inform some users the adjustment of data allocation in next uplink transmission, i.e., to allocate data symbol in part of VC sub-carriers. Transmit windowing can also be applied before transmitting to meet the requirement of spectrum mask.
Here, an illustrative example will verify the improvement of spectrum in downlink with modifiable VC. In IEEE 802.16e system, 1024-point FFT downlink transmission need 180 virtual subcarriers and at least 32 sample of CP for interference protection, if the number of VC reduces to 132, the spectrum efficiency increases by 6.4%. 
On the other hand, when all the users in a cell have much shorter channel delay, a simpler and more direct method, CP shortening, can be used as an alternative.
3. Text proposal
------------------------------------------------------- Start of the Text ---------------------------------------------------------
xx. 1
Link adaptations


Link adaptation techniques shall include not only MCS adaptation, power control, frequency selective scheduling, but also the adaptive resource allocation which maybe allocate virtual sub-carriers with the data of the users with large channel delay.

 ------------------------------------------------------- End of the Text ----------------------------------------------------------
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