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Introduction

Several contributions currently deal with the optimum selection of the chunk size (also called resource blocks size), trying to balance signaling overhead associated with handling the chunks versus gains by finer grain frequency domain scheduling, less padding loss and more flexibility for interference avoidance/mitigation. [1][2][3]

In this contribution we focus on signaling requirements to signal CQI values for a multitude of chunks and show that by applying proper coding optimizations the overhead per chunk can be set to a comparatively low value. Consequently we conclude that signaling is not a mayor deterrent to use more chunks or equivalently a smaller chunk size.
CQI signaling per chunk

Frequency Domain Scheduling (FDS), just like any kind of scheduling, works best, if reasonably accurate and up to date channel knowledge is available at the transmitter. In the case of downlink scheduling, this requires feed back of CQI (Channel Quality Information) from the terminal to the Node-B. Such concepts are well known form HSDPA [4] where a 5 bit CQI information was found to be a suitable approach to tap the multi user scheduling gain and select the proper MCS. 

Contrary to CDMA, where a users transmission is smeared over the entire system bandwidth, for OFDMA we have the additional opportunity to also tap gain from frequency dependent scheduling by assigning the most suitable resources in frequency domain, i.e. the most suitable chunks. The achievable gains have already been shown in [5]. Obviously this will require also a frequency dependant CQI feedback. The most straightforward solution would be to extend the CQI signaling from a single value for the entire system bandwidth to a vector of CQI values for every individual chunk bandwidth, i.e. a separate CQI feedback for every chunk. In this case the amount of feedback information would grow linearly with the number of chunks (inversely with the chunk bandwidth) and consequently might favor selection of larger chunk sizes. However, we will show that this straight forward selection is not the best one, so we can consequently select smaller chunk sizes which are better optimized to take advantage of channel variations and/or avoid padding losses by coarse grain resource allocations.

CQI signaling per chunk group

Actually it is not strictly necessary to signal an individual CQI report for every chunk, it is sufficient to provide a CQI per group of chunks, as long as the CQI is still indicative for the channel state of each of the chunks within a group. This was already pointed out in [6]. The CQI to be used for a particular chunk can be further refined by interpolation. Basically the number of CQIs depends on the relation of system bandwidth to coherence bandwidth, rather than the sheer number of chunks. As soon as the chunk size falls below the coherence bandwidth, the amount of CQI information becomes independent of the actual chunk size. In this case smaller chunks which better fit to the expected minimum payload can be selected without increasing signaling overhead. This approach can be regarded as a sub sampling of the CQI information in the frequency domain and is similar to sub sampling in the time domain as already applied in HSDPA by selection of the k-parameter.

Elementary functions for CQI signaling 

As mentioned above, for each chunk group an individual CQI can be transmitted. This corresponds to the approximation of the frequency dependant fading by a stepwise function, where the chunk group bandwidth determines the step width. While this may be the most straightforward selection of a set of functions for this purpose, it is not necessarily the most appropriate one. The fading function is not typically a stepwise function, therefore an approximation by a set of step- functions is not necessarily optimum. In principle any set of (orthogonal) functions can be used for the approximation, including e.g. polynomials or sinusoidal functions. In [7] it was shown that a DCT (Discrete Cosine Transform) can be used advantageously. The DCT basically transforms the frequency representation of the fading profile into a time domain representation. The fading profile is a representation of the delay spread in the frequency domain and typically there are only a few significant taps, much less taps than chunks. Therefore the relevant information can be more efficiently encoded in the time domain (or DCT representation of the fading profile). An in depth analysis was presented in [7] showing that the feedback rate can be reduced significantly (about 10-fold) by applying a DCT transform and afterwards quantizing the resulting output suitably. Both Vehicular A and Pedestrian A channel model were investigated at 50 km/h and both single user and multi user scheduling was considered. Consequently feedback overhead is no deterrent for using small chunk-sizes any more. It is concluded that small chunk sizes (of the order of a few 100 kHz) should be used. While the parameters used there may not fully coincide with the ones currently being discussed for LTE [8], the order of magnitude is rather similar, so the optimum chunk size will be similar as well. 

Conclusion

For optimum selection of the chunk size, the best balance between frequency domain scheduling gain versus signaling overhead needs to be found. In this contribution we show that efficient algorithms exist for coding the CQI information for multiple chunks, keeping the signaling overhead low. Consequently small chunk sizes in the order of a few 100 kHz are feasible, allowing to make optimum use of FDS gain, as proposed in [1], [2], [3]. 
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