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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.
In the results below the choice of rotation angle is used after upsampling and pulse shaping. Alternative ways to choose rotation angle has been investigated in [6.4-9] with minimal impact to performance (at most 0.2 dB) but a significant reduction in complexity. The rotation angle is then chosen based from a signal without oversampling and a 2 tap pulse shaping filter [1 1].
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
	27/27
	4.0 dB
	0.7/0.6 dB

	6 dB
	
	DAS-7
	9/9
	6.0 dB
	0.3/0.1 dB

	
	
	DAS-9
	10/10
	6.0 dB
	0.2/0.2 dB

	
	
	DAS-11
	9/10
	6.0 dB
	0.7/0.7 dB

	
	
	DAS-12b
	9/10
	6.0 dB
	1.5/1.9 dB

	4 dB
	Level B
	DBS-6
	27/27
	4.0 dB
	1.2/0.0 dB

	6 dB

	
	DBS-6
	9/9
	6.0 dB
	0.9/0.0 dB

	
	
	DBS-9
	11/11
	6.0 dB
	0.2/0.3 dB

	
	
	DBS-11
	9/10
	6.0 dB
	0.6/0.9* dB

	
	
	DBS-12b
	10/10
	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
	20 / 20
	4.0
	0.8 / 0.7

	6
	
	DAS-7
	  4 / 4
	6.0
	0.3 / 0.1

	
	
	DAS-9
	  4 / 4
	6.0
	0.1 / 0.3

	
	
	DAS-11
	  4 / 4
	6.0
	0.7 / 0.7

	
	
	DAS-12b
	  4 / 4
	6.0
	1.4 / 1.6

	4
	Level B
	DBS-6
	20 / 20
	4.0
	1.2 / 0.1

	6
	
	DBS-6
	  4 / 4
	6.0
	1.0 / 0.1

	
	
	DBS-9
	  4 / 5
	6.0
	0.2 / 0.3

	
	
	DBS-11
	  4 / 4
	6.0
	0.6 / 0.9*

	
	
	DBS-12b
	  4 / 4
	6.0
	2.1 / 3.1



* Evaluated at 30% DataBLER.


For Low complexity SBPCE2 the performance degradation is at most an additional 0.5 dB compared to table 6.4-2. The additional degradation is mainly due to the higher order modulation symbols that are needed to compensate for the smaller FFT size used (compared to SBPCE2B). For more details, see [6.4-8]
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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6.6.1.1  
Single Block Precoded EGPRS2, SBPCE2

The introduction of PCE2 affects the transmitter chain in the BTS. Table 6.6-1 lists the blocks that are new or need to be modified. The complexity estimates are based on the assumption that SBPCE2 is the technique used in the transmitter chain. Since some of the signal processing algorithms are dependent upon the sampling rate, which is implementation dependent, the complexity estimates are given as a function of the oversampling rate os (an integer). 
The most computationally demanding block in the modulator is pulse shaping. Its complexity is dependent on the oversampling rate. Thus, it is reasonable to quantify the increase in complexity due to precoding as a percentage of the computational cost of pulse shaping. The overall complexity increase due to precoding is between 25% and 65% for level A, and between 25% and 87% for level B, depending on the oversampling rate. The lowest percentage corresponds to an oversampling rate of 48, while the highest corresponds to an oversampling rate of 4. These estimates include the Inverse Fourier Transform, ramping, soft and hard clipping, and in the case of level B, PAPR reduction by means of training sequence rotation.
For the complexity estimation of SBPCE2-B, Low Complexity SBPCE2-B, LCSBPCE2-B is used. 

The addition of clipping is the main contributor to the increase in complexity, followed by the IFFT. 

Table 6.6-1 Modifications to the Transmitter Chain
	Block
	New functionality
	Relation to LTE
	Comments
	Computational Complexity SBPCE2A
	Computational Complexity LCSBPCE2B

	Channel encoder
	Similar or identical to EGPRS2. Roughly 20% higher bit rate for DAS-12b/DBS-12b. The encoder comprises interleaving, puncturing and turbo-coding.
	Same turbo-encoder
	Introduction of 64QAM increases bit rate by 20% for DAS- 12b/

DBS-12b
	20% more complex than EGPRS2A encoder for DAS-12b. Same complexity as EGPRS2A for other MCSs.
	20% more complex than EGPRS2B encoder for DBS-12b. Same complexity as EGPRS2A for other MCSs.

	Symbol mapping
	Mapping to 64QAM symbols
	Same 64QAM constellation
	
	20% more complex than 32QAM EGPRS2A symbol mapping
	20% more complex than 32QAM EGPRS2B symbol mapping

	IFFT
	Precoder. This is a new block
	Radix 2 and 3 are used
	It is assumed that a radix 2 butterfly requires 4 real additions, while a radix 3 butterfly requires 12 real additions and 4 real multiplications
	2304 real additions

384 real multiplications
	2916 real additions

864 real multiplications

	Ramping
	The ramp-up and ramp-down of the modulated signal are different from EGPRS2A
	-
	Low complexity, only a few symbols need to be multiplied by the ramp function
	2*8*os real multiplications
	2*10*os real multiplications

	Soft and Hard clipping
	PAPR reduction is a new function
	-
	The complexity estimate is explained in reference [6.6-1]. The clipping filter length is 5 (LinGMSK filter) Only the worst case (4 dB PAR) is shown
	(2*144+2*20*5)* os + 3*20 + 7 real additions

(2*144+2*20*5)* os + 4*20 + 4*7 real multiplications

144* os logical operations

54  divisions

27 square roots
	(2*162+2*20*5)* os + 3*20 + 7 real additions

(2*162+2*20*5)* os + 4*20 + 4*7 real multiplications

162* os logical operations

54  divisions

27 square roots

	PAPR reduction by rotation of training sequence by using pulse shaping filter [1 1], see 6.4.1.1.3
[6.6-2]
	PAPR reduction is a new function
	-
	3 possible rotation angles are used for 64QAM modulation in SBPCE2. One extra IFFT’s (one for all rotation angles) are needed, plus calculation of PAPR for each angle. 


	-
	2916 + 3*3*187  real additions

864 + 3*6*187   real multiplications

3*187 logical operations



	Mixed mode modulation
	The possibility of using symbols from different constellations in one burst is new
	-
	The complexity increase is negligible
	-
	-
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6.6.2.1  
Single Block Precoded EGPRS2, SBPCE2
The introduction of PCE2 affects the receiver chain in the MS. Table 6.6-2 lists the blocks that are new or need to be modified. The complexity estimates are based on the assumption that SBPCE2 is the technique used in the receiver chain. Since some of the signal processing algorithms are dependent upon the length of the synchronization window, which is implementation dependent, the complexity estimates are given as a function of the synchronization function length win_len (an integer).

For the complexity estimation of SBPCE2-B, LCSBPCE2-B is used.

Blind detection is the main contributor to the increase in complexity. The demodulation, however is significantly less costly than for EGPRS2. 
The complexity of an EGPRS2 receiver can be roughly estimated as follows. It is assumed that a trellis search using a reduced trellis is performed. Moreover, it is assumed that only two survivors are kept at every trellis stage, and that only 2 MLSE taps are used. In other words, a low complexity trellis search is assumed for the EGPRS2 demodulator. The total number of arithmetic operations has been counted, assuming that multiplications, additions and maximum calculations have all the same cost. The total cost is estimated to be 1919 operations per trellis step. For level A this gives a total of 223000 = 1919*116 operations and for level B 265000 = 1919*138 operations. From statistics from actual receivers, it has been estimated that the estimation block, comprising blind detection, synchronization and channel estimation in an EGPRS2 receiver, consumes 30% of the number operations used in the trellis search. Moreover, from receiver statistics it is estimated that blind detection accounts for 20% of the complexity of the estimation block.  Based on these estimates, it is possible to calculate the number of operations consumed by the EGPRS2 equalizer and the number of operations consumed by blind detection. The equalization of one 32QAM modulated EGPRS2A burst consumes about 290000 operations, while the equalization of one 32QAM modulated EGPRS2B burst consumes approximately 345000 operations. In addition, blind detection for level A is estimated to consume 13000 operations, while blind detection for level B is estimated to consume 16000 operations.  Using these estimates, assuming a synchronization window with length win_len = 5 symbols, and using Table 6.6-2 below, it is possible to compare the complexity of PCE2 to EGPRS2. The equalization of one PCE2A burst, for an MS supporting EGPRS, EGPRS2A, PCE2A consumes 103000 operations. The equalization of one PCE2B burst, for an MS supporting EGPRS, EGPRS2A, EGPRS2B, PCE2A, PCE2B, consumes 144000 operations.  
Taking into account channel decoding, the total complexity of the equalization and decoding of one 64QAM modulated PCE2A radio block is about 50% as complex as the equalization and decoding of one 32QAM modulated EGPRS2A radio block. Similarly, the equalization and decoding of one 64QAM modulated PCE2B radio block is estimated to be around 60% as complex as the equalization and decoding of one EGPRS2B radio block.
Table 6.6-2 Modifications to the Receiver Chain 

	Block
	New functionality
	Relation to LTE
	Comments
	Computational Complexity SBPCE2-A
	Computational Complexity LCSBPCE2-B

	Channel decoder
	Similar or identical to EGPRS2. Roughly 20% higher bit rate for DAS-12b/DBS-12b. The decoder comprises deinterleaving, depuncturing and turbo-decoding.
	Same turbo decoder
	Introduction of 64QAM increases bit rate by 20% for DAS-12b/DBS-12b
	20% more complex than EGPRS2-A decoder for DAS-12b
	20% more complex than EGPRS2-B decoder for DBS- 12b.

	FFT
	Needed for blind detection, synchronization, channel estimation
	Radix 2 and 3 are used. It might be possible to re-use implementation or accelerators from LTE
	It is assumed that a radix 2 butterfly requires 4 real additions, while a radix 3 butterfly requires 12 real additions and 4 real multiplications
	2304 real additions

384 real multiplications
	2916 real additions

864 real multiplications

	Blind detection for MS supporting EGPRS, PCE2A
	It is necessary to detect whether the signal is precoded.
	-
	The test of each modulation hypothesis (4 in total) is the same as for EGPRS2, plus one FFT for each position in  synchronization window. 
	Same as blind detection for EGPRS2-A plus  win_len FFT’s  
	-

	Blind detection for MS supporting EGPRS,  PCE2A, PCE2B and PAPR reduction for 64QAM modulation with training sequence rotation
	It is necessary to detect whether the signal is precoded
	-
	The test of each modulation hypothesis is the same as for EGPRS2, plus one FFT for each position in  synchronization window.
	Same as  blind detection for EGPRS2-A plus win_len FFT’s
	Same as  blind detection for EGPRS2-B plus 2xwin_len FFT’s

	Blind detection for MS supporting EGPRS, EGPRS2A, PCE2A, EGPRS2B, PCE2B and PAPR reduction for 64QAM modulation with training sequence rotation
	It is necessary to detect whether the signal is precoded
	-
	The test of each modulation hypothesis is the same as for EGPRS2, plus one FFT for each position in  synchronization window
	Twice the complexity of blind detection for EGPRS2-A plus  win_len FFT’s
	Twice the complexity of blind detection EGPRS2-B plus 2xwin_len FFT’s

	Synchronization and channel estimation
	Training sequence is modulated in the frequency domain.
	-
	The FFT calculation can be re-used from the blind detection block.
	Same as corresponding functionality for EGPRS2-A.
	Same as corresponding functionality for EGPRS2-B.

	Demodulation
	One tap equalizer
	It may be possible to re-use a 16QAM and 64 QAM demodulators from LTE
	Efficient methods to compute the soft values exist. For 64QAM a log-max-MAP equalizer requires 40 real additions, 26 real absolute value calculations, 4 arithmetic shifts and 6 real multiplications.
	4720 real additions

708  real multiplications

472 arithmetic shifts

3068 real absolute values
	5440 real additions

816 real multiplications

544 arithmetic shifts

3536 real absolute values
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