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On the rotation-based techniques to reduce the PAPR of SPEED
1. Introduction

Earlier contributions have investigated and discussed the complexity of SPEED. For example, in ‎[1] the DFT complexity is investigated and a limitation is proposed on the radix size and in ‎[2] a preference was expressed to reuse the LTE functions in order to make the SPEED feature more commercially justified.
In this contribution, the computational effort of a technique to reduce the PAPR of SPEED by favourably combining a signal part with another signal part for which there is more than one choice is discussed.

2. Investigated techniques to reduce the PAPR
Similar techniques have been investigated which reduce the PAPR of SPEED: the “adaptive symbol rotation” method in ‎[3] and the "multi-pilot-sequence-aided PAPR reduction" method in ‎[4].

In the first, the training sequence and half of data symbols of the PCE2 burst are phase rotated by one of p angles and the rotation angle that results in the lowest PAPR is then selected. No details are provided about how the phase rotation is performed, but to avoid having to perform p IDFT operations, a possible implementation would be to perform a circular shifting of the IDFT of the training sequence and half of data symbols before combining this with the IDFT of the remaining half of the data symbols. 
In the second, the IDFT of a data burst is combined with the IDFT of a pilot burst that has M variants known by both transmitter and receiver. In this case, the M variants have been generated by using one of two methods: by circular shifting the pilot sequence prior to the IDFT, or by circular shifting the pilot sequence after the IDFT (equivalent to phase rotating the pilot sequence prior to the IDFT). The variant which results in the lowest PAPR is then selected.
3. Discussion
With both of the above investigated techniques, the peak value from the combined signal needs to be computed after Tx filtering (with oversampling rate L) and the combination which results in the lowest PAPR value is then chosen as depicted in Figure 1 (reproduced from ‎[4]).


[image: image1.emf]Burst 

formatting

Symbol 

mapping

Subcarrier 

allocation

} {

) (d

k

X

IDFT

} {

) (d

n

x

Data/pilot 

combining

} {

n

x

CP

Tx pulse 

shapping

PAPR 

calculation

Pilot seq. 

selection

} {

) (p

n

x

PAPR optimization

} {

n

y


Figure 1. Block diagram of a PCE2 transmitter with PAPR optimization using pilot sequence.

Peak detection requires the computation of the signal envelope performed as a I2+Q2 operation per sample, which over the duration of a burst N, at an oversampling rate of L, yields L*N operations. This needs to be performed for each of the variants: p*L*N in case of ‎[3] and M*L*N in case of ‎[4].
If we assume the size of the burst is the size of the IDFT i.e. N=144 for PCE2-A and N=168 for PCE2-B (the cyclic prefix, being a repetition of the signal, need not be assessed to detect the peak) and an oversampling rate which could be considered reasonable for the purposes of peak detection e.g. L=6, then this yields the computational loads shown in Table 1 for the different evaluated values of p and M in ‎[3] and ‎[4].

Table 1. Estimated computational load of the peak detection operation.

	
	Peak detector I²+Q² operations (PCE2-A)
	Peak detector I²+Q² operations (PCE2-B)

	p=3 ‎[3]
	2592
	3024

	M=4 ‎[4]
	3456
	4032

	M=8 ‎[4]
	6912
	8064

	M=16 ‎[4]
	13824
	16128

	Note 1:
I²+Q² will consume several cycles: e.g. twice squaring, one addition, subtracting the previously found largest value and updating if the difference is >0.
Note 2:
An extra IDFT is needed in ‎[3].


Unfortunately, calculation of different TX signal candidates and subsequent selection of the one with the lowest PAPR is not a technique employed by LTE and hence no synergies could be identified in case of multi-standard BTSs nor multi-mode MSs.

One option to avoid the high computational load in the peak detector would be to perform detection prior to the Tx pulse shaping, as this would require I2+Q2 operations only at the symbol rate. As the inter-symbol interference from the Tx pulse shaping will modify the signal envelope and the peaks in the signal, which in turn will compromise the selection of the signal with the lowest PAPR. Hence this approach requires further investigation.

At the MS receiver, phase rotation is already assumed for blind modulation detection, for which five distinct rotation angles are needed for level A and level B (QPSK, 8PSK, 16QAM, 32QAM & 64QAM). If phase rotation is also introduced to support PAPR reduction, then this will increase the number of blind detections within each level to p*5 or M*5. We believe this will increase significantly the complexity of the blind detector and negatively impact the blind detection performance (taking into account any time jitter that may occur).
4. Conclusion
In this contribution, three concerns have been raised about the investigated rotation-based techniques in ‎[3] and ‎[4] to reduce the PAPR of SPEED:

· the first is on computational load in the BTS when the peak detector is located after the Tx pulse shaping;
· the second is on the PAPR reduction performance when the peak detector is located before the Tx pulse shaping.
· the last concern is the p times or M times increase in complexity of the blind detector and a corresponding decrease in the blind detection performance.
With these concerns, we believe it is too early to conclude on the techniques proposed in ‎[3] and ‎[4] to reduce the PAPR of SPEED.
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