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PAR reduction for Precoded EGPRS2 DL
1 Introduction

One concern with Precoded EGPRS2 (PCE2) is the relatively high Peak to Average power Ratio (PAR) comparing with legacy EGPRS2. In [1], the possibility of PAR reduction with clipping has been briefly addressed, and preliminary results have been shown. 

The purpose of this contribution is to evaluate the PAR reduction methods for PCE2 in depth, taking into consideration both the computational complexity and impact on performance. 
2 Methods for PAR reduction
In this section, three PAR reduction methods for PCE2 are presented. 
2.1  Soft clipping

The soft clipping of peaks is done by adding a compensation signal to the original precoded and modulated signal, see [2]. The compensation signal is filtered through the TX pulse shaping filter to maintain the spectrum of the compensated signal.  
The soft clipping clips all peaks above a certain threshold. The number of targeted peaks will be in direct relation with the selected threshold. The number of clippings required to achieve a low PAR level can therefore be quite large. 

2.2 Hard clipping

With hard clipping, all peaks exceeding a certain threshold are clipped to the same level. The spectrum of the clipped signal therefore will be changed, due to the sharp transitions around the peaks, which in return limits the PAR level that can be reached with hard clipping.   
2.3  Symbol rotation
In PCE2, a peak occurs when the sub-carriers transmitted at different frequencies add constructively together. By rotating part of the signal with angles selected from a pre-defined set, the PAR can be changed. 

In the evaluation below, the training sequence and half of data symbols are rotated, with angle selected from the set 
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the DFT-size. Blind detection is performed over the rotated training sequence, in which the used rotation angle is detected in a similar way as in legacy EGPRS2. Rotating also part of the data provides possibility for further PAR reduction. Both the rotation angle selection and blind detection are performed on a burst-by-burst basis. 
3 Evaluation of PAR reduction methods
In this section, the computational complexity, in terms of the clippings involved in soft clipping to achieve a target PAR, and the impact of PAR reduction on the performance and spectrum are investigated.
3.1 Simulation settings

The simulation settings used for the evaluation are listed in Table 1.

	Parameter
	Value

	MCSs
	DAS5-11, DAS-12b, 

DBS5-11, DBS-12b

	Burst mapping
	According to [3] and [6] 

	TSC placement
	According to [4]

	Burst length
	According to [5]

	Mixed Mode Modulation
	Not used

	Blind Detection
	On (when symbol rotation is used)

	CP length
	PCE2A: 6

PCE2B: 9

	RX BW
	PCE2A: 280kHz

PCE2B: 340kHz

	Channel propagation
	TU50nFH

	Interference
	AWGN

	Tx filter
	Lin GMSK

	Frequency band
	900 MHz

	Frames
	10000

	Tx/Rx impairments

  - Phase noise [degrees (RMS)]

  - I/Q gain imbalance [dB]

  - I/Q phase imbalance [deegrees]

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

0.1/0.2           

0.2/2.0           

-45/-40          
Yes/ -
-/25           


Table 1: Simulation settings
3.2  Basic evaluations

PAR reduction is evaluated for all PCE2-A and PCE2-B MCSs given a target PAR of 6dB. For QPSK/8PSK modulated MCSs the PAR reduction is also evaluated for a 4dB target.

MCS with the highest code rate in each modulation is selected for the evaluation of computational complexity. 
3.2.1 Soft clipping (w/wo symbol rotation) 
Table 2 lists the number of peaks clipped in order to reach a given PAR. The impact of symbol rotation on both computation complexity and performance is also presented.
It can be seen that soft clipping efficiently reduces the PAR. For the 6 dB target, 98%  of the bursts reach their target after less than 10 peaks clipped. The impact on performance is small for lower order MCSs, while 32QAM and higher order modulated MCSs are  less robust to clipping. 

It is beneficial to use symbol rotation for the higher order modulated MCSs in level B, while the performance degrades at lower MCSs due to erroneous blind detection of the rotation angle.
	Target PAR

(dB)
	Level
	MCS
	#Peaks clipped
@98%

w/wo rotation
	Achieved PAR 
@99.9%

(dB)
	Degradation @10%DataBLER

w/wo rotation

(dB)

	4
	Level A
	DAS-7
	25/25
	4.2
	0.6/0.5

	6
	
	DAS-7
	8/9
	6.1
	0.3/0.1

	
	
	DAS-9
	9/9
	6.0
	0.2/0.2

	
	
	DAS-11
	9/9
	6.0
	0.7/0.7

	
	
	DAS-12b
	9/9
	6.1
	1.8/1.9

	4
	Level B
	DBS-6
	25/25
	4.1
	1.7/0.0

	6


	
	DBS-6
	8/9
	6.1
	1.6/0.0

	
	
	DBS-9
	9/9
	6.1
	0.2/0.3

	
	
	DBS-11
	9/9
	6.1
	0.6/0.9*

	
	
	DBS-12b
	10/11
	5.8
	2.3/3.9


* Evaluated at 30% DataBLER.

Table 2: Summary of PAR reduction with soft clipping only.
3.2.2 Soft clipping and hard clipping (w/wo rotation)
Table 3 lists the results using soft clipping combined with hard clipping. For a given PAR target, the soft clipping is performed first and targets only the highest peaks. The hard clipping is then applied on the remaining peaks. The maximum number of clippings is set such that the spectrum requirement is still fulfilled. The spectrum margin is not defined in this study and is left FFS.
It can be seen that by combining soft clipping with hard clipping, the clipping efficiency is significantly enhanced, while performance is maintained. Same conclusion as in 3.2.1. holds regarding combining with symbol rotation.   
As the signal is hard clipped the spectrum of the clipped signal will widen. The impact on spectrum and the throughput with different PAR reduction methods can be found in Annex A. 

	Target PAR

(dB)
	Level
	MCS
	#Peaks clipped
@98%

w/wo rotation
	Achieved PAR
@99.9%

	Degradation @10%DataBLER

w/wo rotation

(dB)

	4
	Level A
	DAS-7
	15 / 15
	4.2
	0.7 / 0.6

	6
	
	DAS-7
	  1 / 1
	6.1
	0.3 / 0.1

	
	
	DAS-9
	  1 / 1
	6.1
	0.2 / 0.2

	
	
	DAS-11
	  1 / 1
	6.1
	0.7 / 0.8

	
	
	DAS-12b
	  1 / 1
	6.1
	1.7 / 1.6

	4
	Level B
	DBS-6
	15 / 15
	4.2
	1.8 / 0.1

	6
	
	DBS-6
	  1 / 1
	6.1
	1.7 / 0.1

	
	
	DBS-9
	  1 / 1
	6.1
	0.2 / 0.2

	
	
	DBS-11
	  1 / 1
	6.2
	0.5 / 0.8*

	
	
	DBS-12b
	  2 / 2
	5.9
	2.2 / 3.7


* Evaluated at 30% DataBLER.


Table 3: Summary of PAR reduction with soft clipping and hard clipping.
3.3  Further evaluations

3.3.1 Clipping level for highest MCSs

As have been shown in Table 2 and Table 3, the performance of the highest MCSs is impacted by clipping more than other MCSs. Table 4 lists the degradation of DAS-12b and DBS-12b with respect to different soft clipping levels. The degradation when combined with hard clipping is expected to be in the same level as has been observed before. 

It can be seen that a clipping level of 7.5dB is favorable in terms of  performance.
	Soft clipping level (dB)
	10
	9.5
	9
	8.5
	8
	7.5
	7
	6.5
	6

	Degradation@
10% DataBLER,      
w/                    

wo rotation 
(dB)
	DAS-12b
	0.45/ 0.0
	0.45/ 0.0
	0.45/ 0.05 
	0.45/ 0.1
	0.5/ 0.15
	0.6/ 0.3
	0.8/ 0.55
	1.2/ 1.0
	1.8/1.9

	
	DBS-12b
	0.0/ 0.0
	0.0/ 0.0
	0.0/ 0.0
	0.05/ 0.1
	0.1/ 0.25
	0.3/ 0.5
	0.6/ 0.95
	1.15/ 1.9
	2.3/3.9


Table 4: Performance degradation of DAS-12b/DBS-12b with different clipping levels.
4 Conclusions
This contribution evaluates the PAR reduction methods for Precoded EGPRS2-A and Precoded EGPRS2-B, including soft and hard clipping and symbol rotation, in terms of the computational complexity involved in soft clipping, and their impact on performance. 

It can be concluded that:

· For the target PAR of 6dB, hard clipping together with soft clipping is computational efficient (requiring 1-2 clippings in soft clipping without violating the spectrum mask), with small performance degradation (except for the highest MCSs); 

· The highest MCSs in level B benefits from the symbol rotation, where the degradation due to clipping is reduced by over 1dB in the simulated scenarios. 
5 References

[1] GP-101066, “Precoded EGPRS2 Downlink (update of GP-100918)”, source Telefon AB LM Ericsson, ST-Ericsson SA. GERAN#46
[2] GP-061690, “Compressed QAM Modulation”, source Telefon AB LM Ericsson. GERAN#31.
[3] Gp-101850, ”Burst mapping of PCE2”, GERAN#48, source Telefon AB LM Ericsson, ST-Ericsson.
[4]  GP-101350, “Training symbol placements in Precoded EGPRS2 DL”, GERAN#47, source Telefon AB LM Ericsson, ST-Ericsson.

[5] GP-101349, “Aspects of burst formatting of Precoded EGPRS2 DL”, GERAN#47, source Telefon AB LM Ericsson, ST-Ericsson SA.

[6] GP-101852, “DAS-12b and DBS-12b burst formatting”, GERAN#48, source Telefon AB LM Ericsson, ST-Ericsson SA.
6 Annex A

6.1 Spectrum of signal due to clipping
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Figure 1: Spectrum of clipped signal.

6.2 Throughput with PAR reduction
[image: image8.png]Throughput [kbit/s]

100

20

10

PC EGPRS2A, Tu50nFH

sc+hc 6dB, no rot.
sc+hc 6dB, rot.
— % — sc+hc 4dB(8PSK only), no rot.
— % — sc+hc 4dB(8PSK only), rot.

no clipping, no rot.

20 25
Es/NO [dB]

30

35

40

45




[image: image9.png]Throught [kbps/Ts]

120

100

80

60

PC EGPRS2B, Tu50nFH

Es/NO [dB]

| | | | | | | |
4» LB P LK
ﬂ*ﬂﬂf
"
/
/
_____________________________________________ 28 U S
, ______________________________________________________________ _
—+— sc+hc 6dB, no rot.
___________ o o he 4dB(QPSK only), no ot | T
3 SRV 3 3 — % — sc+hc 4dB(QPSK only), rot.
—+—— no clipping, no rot.
| | | | | |
15 20 25 30 35 40 45




Figure 2:Throughput PCE2, w/wo PAR reduction.
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