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1. Introduction

During RAN1 LTE Ad-Hoc Meeting in January 2006 the potential benefit of frequency-domain link adaptation was discussed. Although several papers, e.g. [1] and [2], claimed that the benefit of frequency-domain link adaptation is marginal, it was claimed in [3] that frequency-domain link adaptation, more specifically the use of frequency-domain adaptation of the modulation scheme, do provide certain performance benefits if it is combined with frequency-domain power adaptation. 

Thus the question about the benefits of frequency-domain adaptation of the modulation scheme was, at least to some extent, transformed into a question about the benefits of frequency-domain power adaptation. 

Several papers have shown that, given no power adaptation, frequency-domain adaptation of the modulation scheme does not provide any substantial gains. The question is if the use of frequency-domain power adaptation provides possibilities for capacity benefits (with or without frequency domain adaptation of the modulation scheme)?

However, during the presentation of paper [3], it was pointed out that a simple form of power adaptation, more specifically applying the same power P to a sub-set of the sub-carriers and zero-power to the remaining sub-carriers, is implicitly supported as part of frequency-domain scheduling (the use of which in LTE downlink seems to be generally agreed upon). The question was then, at least partly, further transformed into the question whether there are any substantial benefits of more elaborate power adaptation compared to basic on/off power adaptation (frequency-domain scheduling).

The optimal power-adaptation scheme is well known from elementary information theory and is based on so-called “water-filling”. Thus we finally arrive at following basic question: 

What is the difference (in terms of capacity) between optimal “water-filling” and simplified on/off power allocation?

If there is no major difference in that case one can conclude that there should, at least not fundamentally, be any major performance benefit of any more elaborate power-allocation scheme, compared to straightforward on/off power allocation.

2. Simulation results

To answer the above question, we generated a large number of realizations of the channel frequency response for different channel cases. For each channel realization we calculated the capacity for the following cases

· Optimal “water-filling”

· Simplified on/off power allocation where the number of “on” carriers were selected to achieve maximum capacity

· No power adaptation, i.e. the transmit power was equally distributed over all carriers. This corresponds to a scenario where no frequency-domain scheduling (and no power allocation) is used.

In all cases, the same total transmit power was assumed.

This was done for a number of different SNR. Table 1 summarizes the results in terms of average capacity. 

· In case of AWGN and flat fading, the three methods (obviously) provide identical performance.

· As expected, optimal power allocation always provides the best performance

· The difference between optimal power allocation and on/off power allocation is very small. This indicates that there is no need for any more elaborate power-allocation scheme beyond the on/off power allocation implicitly supported as part of frequency-domain scheduling.

· With on/off power allocation and low SNR, the performance is better with a frequency selective channel, compared to a flat-fading channel and even compared to an AWGN channel. This indicates that frequency-selective fading together with (channel-dependent) scheduling in the frequency domain can be used to improve e.g. coverage.

	
	
	Capacity

	Channel
	SNR [dB]
	Optimal power
allocation
	On/off power allocation
	Constant power allocation

	AWGN
	-10
	0.14
	0.14
	0.114

	
	0
	1.00
	1.00
	1.00

	
	+10
	3.46
	3.46
	3.46

	
	+20 
	6.66
	6.66
	6.66

	Flat fading
	-10
	0.13
	0.13
	0.13

	
	0
	0.85
	0.85
	0.85

	
	+10
	2.89
	2.89
	2.89

	
	+20 
	5.87
	5.87
	5.87

	Pedestrian A
	-10
	0.16
	0.16
	0.13

	
	0
	0.92
	0.91
	0.87

	
	+10
	2.97
	2.96
	2.94

	
	+20 
	5.94
	5.94
	5.93

	Pedestrian B
	-10
	0.21
	0.21
	0.13

	
	0
	1.00
	0.99
	0.87

	
	+10
	2.99
	2.98
	2.92

	
	+20 
	5.92
	5.91
	5.90


Table 1 Capacity for different power-allocation schemes
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