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1 Introduction
1.1 Background Information

This is and update of contribution GP-110699. All updates are highlighted in red text.

Single Block Precoded EGPRS2 (SBPCE2) possesses an inherently large Peak to Average power Ratio (PAR). In this contribution the latest information on PAR reduction is captured, for inclusion in the SPEED TR45.860.
1.2 Reason for change

The intention of this pCR is to update the section 6.4 PAR reduction in TR45.860 with the latest information on PAR reduction for SBPCE2 signals.

1.3 Summary of change

This pCR presents and evaluates three alternative PAR reduction methods for SBPCE2.
2 pCR to 3GPP TR 45.860
	                                   FIRST SUBCLAUSE MODIFICATIONS


6.4.1 
PAR reduction for Single Block PCE2
Single Block Precoded EGPRS2 (SBPCE2) possesses an inherently large Peak to Average power Ratio (PAR). This section presents an evaluation of PAR reduction methods for SBPCE2, taking into consideration both the computational complexity of the evaluated methods and their impact on performance. 

Three alternative PAR reduction methods for SBPCE2 are briefly introduced in the sub-clause 6.4.1.1. The chosen evaluation method and the results from the PAR reduction exercise, along with complexity estimates of the methods are described in sub-clause 6.4.1.2.
A detailed description on PAR reduction for SBPCE2 can be found in [6.4-1].
6.4.1.1
PAR Reduction Methods

6.4.1.1.1
Soft clipping

Soft clipping targets signal peaks exceeding a configured threshold. Each targeted peak is compressed by a compensation signal as described in [6.4-2]. To maintain the spectrum of the soft clipped signal the compensation signal is filtered through the Linearized GMSK pulse shaping filter.  

6.4.1.1.2
Hard clipping

Hard clipping limits the amplitude of all signal peaks exceeding a configured threshold to the level of the threshold. This operation will widen the spectrum of the signal, due to the sharp transitions around the clipped peaks. The spectrum widening limits the PAR level that can be achieved while meeting the spectrum requirements.   
6.4.1.1.3
Symbol rotation

In SBPCE2, a signal 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 signal PAR characteristics can be altered. At the receiver side blind detection is performed over the rotated training sequence, to detect the used rotation angle. Both the rotation angle selection and blind detection are performed on a burst-by-burst basis.
6.4.1.2
PAR Reduction Evaluation

The PAR reduction methods are evaluated for all SBPCE2-A and SBPCE2-B MCSs given a target PAR of 6dB. For DAS-5 – DAS-7 and DBS-5 – DBS-6 the PAR reduction are also evaluated for a 4dB target. 
Sub-clause 6.4.1.2.1 presents the simulation assumptions used through the evaluations. To achieve maximal performance the PAR reduction methods presented in sub-clause 6.4.1.1 were combined, as described in sub-clause 6.4.1.2.2 and 6.4.1.2.3. The sub-clauses also present the impact on performance and spectral characteristics of the signal along with an assessment of the computational complexity of the PAR reduction methods.
6.4.1.2.1
Simulation Assumptions

The PAR reduction evaluations were performed with a PA model, verified towards measurements on Spectrum due to modulation and wideband noise, to secure that the signal spectrum characteristics were assessed correctly in the evaluation. Figure 6.4-1 depicts the simulated spectrum of the basic SBPCE2 signal given different impairment models.
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Figure 6.4-1 Spectrum characteristics of SBPCE2.
The simulation settings used through the evaluation are listed in Table 6.4-1.

Table 6.4-1 Simulation settings.
	Parameters
	Value

	MCSs
	DAS5-11, DAS-12b, 

DBS5-11, DBS-12b

	Burst mapping
	According to [6.4-3] and [6.4-4]

	TSC placement
	According to [6.4-5]

	Burst length
	According to [6.4-6]

	Mixed Mode Modulation
	Not used (except for DAS-12b)

	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 model
  - Frequency error [Hz]
	Tx/Rx

0.8/1.2           

0.1/0.2           

0.2/2.0           

-45/-40          

Yes / -

-/25           


6.4.1.2.2
Soft Clipping combined with Symbol rotation  

Soft clipping and Symbol rotation can be combined to compress the signal to a desired PAR target. Table 6.4-1 lists the number of peaks clipped in order to reach a target PAR, given this approach. The impact on both computational complexity and performance from usage of symbol rotation are presented.
It can be concluded that soft clipping efficiently reduces the PAR. For the 6 dB target, 98% of the bursts reach their target after less than 11 clipped peaks. 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.
Table 6.4-1 Summary of PAR reduction results.
	Target PAR


	Level
	MCS
	#Peaks clipped@98%
w/wo rotation
	Achieved PAR 
@99.9%
	Degradation @10%DataBLER

w/wo rotation

	4 dB
	Level A
	DAS-7
	26/26
	4.0 dB
	0.7/0.6 dB

	6 dB
	
	DAS-7
	8/8
	6.0 dB
	0.3/0.1 dB

	
	
	DAS-9
	9/9
	6.0 dB
	0.2/0.2 dB

	
	
	DAS-11
	8/9
	6.0 dB
	0.7/0.7 dB

	
	
	DAS-12b
	8/9
	6.0 dB
	1.5/1.9 dB

	4 dB
	Level B
	DBS-6
	26/26
	4.0 dB
	1.2/0.0 dB

	6 dB

	
	DBS-6
	8/8
	6.0 dB
	0.9/0.0 dB

	
	
	DBS-9
	10/10
	6.0 dB
	0.2/0.3 dB

	
	
	DBS-11
	8/9
	6.0 dB
	0.6/0.9* dB

	
	
	DBS-12b
	9/9
	6.0 dB
	2.4/3.6 dB



* Evaluated at 30% DataBLER.


6.4.1.2.3
Soft Clipping combined with Hard clipping and Symbol rotation  

To reduce the computational complexity Soft clipping and Symbol rotation can be combined with Hard clipping. For a given PAR target, the soft clipping is performed first and targets only the highest signal peaks. The hard clipping is applied on the remaining peaks. The maximum number of hard clippings is limited to secure that the spectrum are maintained within the 3GPP requirements. 

It can be seen in table 6.4-2 that by combining soft clipping with hard clipping, the clipping efficiency is significantly enhanced, while performance is maintained. Again 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.

Table 6.4-2 Summary of PAR reduction results.
	Target PAR


	Level
	MCS
	#Peaks clipped@98%w/wo rotation
	Achieved PAR
@99.9%


	Degradation @10%DataBLER

w/wo rotation

	4
	Level A
	DAS-7
	19 / 19
	4.0
	0.8 / 0.7

	6
	
	DAS-7
	  3 / 3
	6.0
	0.3 / 0.1

	
	
	DAS-9
	  3 / 3
	6.0
	0.1 / 0.3

	
	
	DAS-11
	  3 / 3
	6.0
	0.7 / 0.7

	
	
	DAS-12b
	  3 / 3
	6.0
	1.4 / 1.6

	4
	Level B
	DBS-6
	19 / 19
	4.0
	1.2 / 0.1

	6
	
	DBS-6
	  3 / 3
	6.0
	1.0 / 0.1

	
	
	DBS-9
	  3 / 4
	6.0
	0.2 / 0.3

	
	
	DBS-11
	  3 / 3
	6.0
	0.6 / 0.9*

	
	
	DBS-12b
	  3 / 3
	6.0
	2.1 / 3.1



* Evaluated at 30% DataBLER.

As the signal is hard clipped the spectrum of the clipped signal will widen. This is exemplified in the figures below for DAS-7 and DBS-6 given PAR targets of 4dB and 6dB. In the figures it is seen that the spectrum widening is dependent on the number of soft clipped peaks. As the number of soft clipped peaks decrease, the impact from hard clipping on the spectrum characteristics increase and the margin to the Spectrum due to modulation and wideband noise decreases.
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Figure 6.4-2 Spectrum widening of DAS-7 at a PAR target of 4dB due to hard clipping.
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Figure 6.4-3 Spectrum widening of DAS-7 at a PAR target of 6dB due to hard clipping.
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Figure 6.4-4 Spectrum widening of DBS-6 at a PAR target of 4dB due to hard clipping.
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Figure 6.4-5 Spectrum widening of DBS-6 at a PAR target of 6dB due to hard clipping.
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