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Complexity reduction for rotation based PAR reduction
1 Introduction
At GERAN#50, the rotation based PAR reduction has been proposed for SBPCE2 [1]. The basic idea is to rotate part of the signal before pre-coding with a selected angle, thereby reduces the peaks due to sub-carriers transmitted at different frequencies adding constructively together. The effectiveness of this PAR reduction method depends on among other things how the rotation angle is selected. 

In this contribution, several rotation angle selection mechanisms are proposed; their computational complexity and performance are evaluated. It is shown that a computational efficient method by selecting the rotation angle based on the PAR of the non-oversampled and filtered transmitted signal, a good PAR reduction can be achieved.  

Earlier the rotation based PAR reduction was only proposed for DBS-12b. With the extension of the SPEED WID, [4], to also include DBS-10b and DBS-11b, these MCSs are also included in the investigation.

This document is identical to the one submitted to telco 6th of SPEED.

2 Methods 
2.1 PAR reduction based on rotation

The effectiveness of rotation based PAR reduction depends on the following factors:

a) the selection of subcarriers for rotation;  

b) the #angles to be selected from;

c) the mechanism for angle selection.

This paper focuses on the impact of c). The part of signal to be rotated is fixed to be the even-indexed payload symbols and the training symbols. The angles to be selected from are fixed to be
[image: image1.wmf]N

p

p

2

, 
[image: image2.wmf]}

36

,

26

,

0

{

Î

p

. This is to reduce the angle selection and blind detection complexity, as well as the possibility of receiver detecting an erroneous angle. It should be noticed however that a good angle selection mechanism works independently of a) and b).

2.2 Rotation angle selection mechanisms
An angle is selected for rotation if it yields the lowest PAR. Ideally, the PAR should be calculated based on the over-sampled and pulse-shaped signal before clipping. Due to the high computational complexity involved in this process, simplifications are here investigated. 
The following are several alternatives for generating a signal that the PAR calculation can based on:

· Scheme1: transmitted signal oversampled (with 4x oversampling) and pulse shaped; 
· Scheme2: transmitted signal non-oversampled and pulse shaped;
· Scheme3: transmitted signal non-oversampled, and filtered through a simplified filter with coefficients [1 1]; 
· Scheme4: transmitted signal non-oversampled and non-filtered.
The same PAR calculation based on Euclidean norm is used for all the schemes.
2.2.1 Computational complexity comparison
Table 1 lists the computations involved in each angle selection scheme. bl denotes the burst length before oversampling and pulse shaping,  fl is the pulse-shaping filter length at os=1, R is the #angles to be selected from. 
	Operation type
	Scheme 1
	Scheme 2
	Scheme 3
	Scheme 4
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	Additions
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	Comparisons 
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Table 1: Computational complexity of angle selection schemes.

Table 2 quantifies the computational complexity for each scheme in terms of the number of operations involved, with bl=187, fl=6, R=3, os=4,12. The number of additions, multiplications and comparisons are summed as they usually consume the same number of CPU cycles.   

	schemes
	#operations 

os=4 / os=12
	Percentage of computations 

(with scheme 1 as reference)
os=4 / os=12

	1
	58344 / 175032
	           100% / 100%

	2
	14586 / 14586
	            25%  /  8.3%

	3
	5610 / 5610
	            9.6% /  3.2%

	4
	2244 / 2244
	            3.8% /  1.3%


Table 2:  Computational complexity comparison.

2.2.2 PAR reduction efficiency comparison

The achieved PAR (collected over 100 frames) with different rotation angle selection mechanisms are illustrated in Figure 1. It can be seen that scheme 1-3 achieves similar effectiveness in reducing the PAR (a 2dB reduction @1% with a difference within 0.2 dB), while scheme 4 reduces the PAR by 0.5dB@1%. 
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Figure 1: PAR reduction with rotation.

3 Simulations and Results

In this section, the angle selection mechanisms are compared in terms of the BLER performance achieved when rotation is used together with clipping for PAR reduction.
3.1 Simulation settings

	Parameter
	Value

	MCSs
	DBS-10b/11b/12b [2]

	CP length
	PCE2B: 9

	RX BW
	PCE2B: 340 kHz

	Channel propagation
	TU50nFH, Static

	Interference/noise
	AWGN

	Tx filter
	Lin GMSK

	Frequency band
	900 MHz; 1800MHz

	Frames
	10000

	Max transmissions for IR
	No IR

	Soft clipping
	On, according to [1]

	Hard clipping
	On, according to [1]

	Target PAR
	6dB

	Receiver oversampling
	2

	Blind Detection
	On [3]

	Receiver type
	SBPCE2

	Tx/Rx impairments

  - Phase noise [degrees (RMS)]

  - I/Q gain imbalance [dB]

  - I/Q phase imbalance [degrees]

  - DC offset [dB]
  - PA model
  - Frequency error [Hz]
	Tx/Rx
0.8/1.2           

0.1/0.2           

0.2/2.0           

-45/-40

On/ - 
   -/25           


Table 3: Simulation assumptions.
3.2 Simulation results

Table 4 summarizes the BLER performance with different schemes. No backoff is used. 

It can be seen that scheme 1-3 performs close in terms of the achieved robustness against clipping. With scheme 3, the gain is maximum 0.2dB less comparing with the best scheme (scheme1), while the computation is 90% less (os=4). With scheme 4, the computation can be further reduced by 6%, however the gain is much smaller (over 1dB further degradation for certain scenarios). 
It can further be noticed that the gain is most obvious for DBS-11b and DBS-12b. 

	Scenario
	MCS
	Es/N0 @ 10% Total BLER
	Gain @ 10% TotalBLER

	
	
	No rotation
	Scheme 1
	Scheme 2
	Scheme 3
	Scheme 4

	Static, low band
	DBS-10b
	17.2
	0.5
	0.5
	0.5
	0.2

	
	DBS-11b
	22
	1.1
	1.0
	0.9
	0.5

	
	DBS-12b
	24.7
	1.8
	1.7
	1.7
	0.7

	Tu50nFH, low band
	DBS-10b
	23.4
	0.5
	0.5
	0.5
	0.2

	
	DBS-11b
	29.7
	1.5
	1.5
	1.4
	0.7

	
	DBS-12b
	34.2
	2.5
	2.4
	2.4
	1.2

	Tu50nFH, high band
	DBS-10b
	24.5
	0.6
	0.6
	0.6
	0.2

	
	DBS-11b*
	32.6
	2.7
	2.7
	2.6
	1.5


* Evaluated at 20% TotalBLER to avoid the error floor.
Table 4: Performance comparison of different angle selection schemes.
4 Conclusions

In this paper, different rotation angle selection mechanisms are proposed for the rotation based PAR reduction for SBPCE2. The computational complexity is evaluated, and their efficiency in PAR reduction is compared through simulations, in terms of both the achieved PAR, and the Total BLER performance when used together with clipping.

It is shown that a rotation angle selection mechanism with PAR calculation based on the non-oversampled and filtered (with coefficients [1 1]) transmitted signal is close in the effectiveness of PAR reduction (in terms of reduced PAR and BLER performance) comparing with the best scheme (scheme 1), while the computations involved are reduced by 90% to 96% for the oversampling rates investigated (os=4 and os=12).  Further, it is suggest to apply the rotation based PAR reduction to DBS-11b and DBS-12b, for SBPCE2-B considering the gains achieved when clipping is used. 
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