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1 Introduction

Single Block Precoded EGPRS2 (SBPCE2) possesses a Peak to Average power Ratio (PAR) in the vicinity of 12dB for all EGRS2-A and EGPRS2-B MCSs. This PAR needs to be reduced to levels comparable to EGPRS-2. In documents [1], [2] and [3] investigations of various PAR compression algorithms have been presented. The most successful technique has been to combine soft clipping and hard clipping. This contribution continues the evaluation of soft and hard clipping with an assessment of the computational complexity of the algorithm. An estimate of the number of arithmetic and logic operations required by the proposed clipping methods to achieve PARs of 4 and 6dB is presented.
2 Soft and Hard clipping algorithms
The soft clipping algorithm applies a compression signal to all signal peaks exceeding a configured threshold. The compression signal shall secure that the PAR of the signal is bounded to a level determined by the average signal power and the selected peak power threshold, while meeting established spectrum requirements.

The compression signal ci is typically generated based on all signal samples si in a burst exceeding the configured power threshold thpow, and corresponding amplitude threshold thamp.
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The soft clipped signal csi can then be calculated as
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(2)
where hk equals the soft clipping filter. In the evaluations presented in [1], [2] and [3] the soft clipping filter was set to equal the TX pulse shaping filter, i.e. the Linearized GMSK pulse shaping filter with a length L equal to five symbols. This guaranteed that the signal spectral characteristics were maintained within the EGPRS spectrum mask. 
In the case of Hard clipping the amplitude of all signal samples si exceeding the threshold th, is set to th while conserving the phase of the samples.
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(3)
The equations (1), (2) and (3) involve logical comparison operations as well as arithmetic operations such as subtractions, additions, divisions, square roots and multiplications. Sub-clause 3 evaluates the computational complexity in terms of these operations, more specifically as the number of operations required, to achieve a PAR of 4 or 6dB per burst. Depending on choice of implementation these operations can easily be translated into e.g. CPU cycles.
3 Computational Complexity

The computational complexity can be assessed in terms of the operations needed to compress the PAR of a single burst. The flow chart of Figure 1 outlines the main functional blocks in the combined hard and soft clipping algorithm, while Table 1 estimates the computational complexity associated with each of these functional blocks.
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Figure 1 Block diagram over clipping algorithm.
The assessment of computational complexity in Table 1 is calculated as the typical number of real arithmetic and logic operations consumed when the transmitter soft clips x peaks, and hard clips y peaks per burst. To get an overview of the total complexity the number of comparisons, additions, subtractions and multiplications are summed, as they usually consume the same number of CPU cycles. Divisions and square roots are kept separate since they are considered as more demanding operations to implement.

The complexity is a function of the length of the useful part of the burst bl, the used oversampling rate os, the soft clipping filter length fl and the number of soft and hard clipped peaks x+y . It can be seen that the total number of operations per burst is especially dependent on the selected oversampling rate.
	Operation type
	Full search
	Soft clip signal
	Soft clip

	Hard clip


	Comparisons
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	Multiplications
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	Divisions
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	Square roots
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Table 1 Computational complexity estimates.
Table 2 quantifies the expected computational complexity for SBPCE2-A and 2-B with some examples on the total number of operations per burst. The examples are based on the assumption that the compression to 6dB PAR requires 4 soft and 7 hard clippings, while 4dB PAR requires 20 soft and 7 hard clippings. This assumption is derived from [4], while the SBPCE2-B burst length is derived from [5].
	Level
	os
	bl
	x + y
	fl
	Number of <, +, - and * operations
	 Number of / and √ operations

	EGPRS-2A

	5
	148
	20 + 7
	5
	5 875
	81

	
	5
	148
	4 + 7
	5
	4 263
	33

	
	50
	148
	20 + 7
	5
	57 175
	81

	
	50
	148
	4 + 7
	5
	41 063
	33

	EGPRS-2B

	5
	162
	20 + 7
	6
	6 625
	81

	
	5
	162
	4 + 7
	6
	4 593
	33

	
	50
	162
	20 + 7
	6
	64 675
	81

	
	50
	162
	4 + 7
	6
	45 363
	33


Table 2 Examples on computational complexity.
The figures presented in Table 1 and Table 2 can be compared to the cost of performing pulse shaping of a burst with the Linearized GMSK filter. Given a filter length fl of 5 symbols, a burst length bl of 177 symbols and an over sampling factor os of 5, the pulse shaping operation requires:
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In the case of an oversampling factor os of 50 the number of operations will increase 10 times to 177 000. It can be concluded that in comparison to these estimates the computational complexity required by the PCE2 compression algorithms presented in Table 2 is moderate.
4 Conclusions
This contribution has quantified the computational complexity associated with the operations needed to perform the SBPCE2 PAR compression presented in [3]. It is shown that the number of operations consumed by the soft and hard clipping algorithms is heavily dependent on the oversampling rate and the number of clipped peaks.  Finally a comparison between the clipping algorithms and the typical transmitter pulse shaping functionality showed that the clipping algorithms are of moderate complexity.
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