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Pseudo CR45.860 on Complexity Reduction of SBPCE2B

Background Information

The current implementation proposal of SBPCE2B in [6.2-10] results in a DFT radix size 2, 3 and 7. This Pseudo CR proposes to refine the SBPCE2B implementation, with DFT size 162, thus reducing the radix sizes to 2 and 3. 
Reason for change

To enable low complexity implementation of FFT/IFFT, it is desirable to choose a DFT length with small radix sizes. In [6.2-11], alternatives SBPCE2B burst formats with low complexity have been proposed and evaluated under different propagation environments and interference scenarios. The intention of this pCR is to capture the most relevant findings in [6.2-11] and proposes to include them in the SPEED TR.

Summary of change

This pCR presents low complexity SBPCE2B burst formats. The performance impacts are summarized and compared with the current proposal in [6.2-10]. A recommendation of the low complexity SBPCE2B implementation is made. 

pCR to 3GPP TR 45.860
	FIRST MODIFIED SUBCLAUSE


6.2.1.1 
Choice of DFT lengths for Single Block PCE2
At the normal symbol rate, a reasonable choice of 
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, the DFT size, is 
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, since this length yields the same payload and training symbols as EGPRS/EGPRS2-A. Unfortunately 
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 is not a highly composite number since 71 is a prime number. The choice 
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is proposed since FFT’s of size 144 are typically 3 to 10 times faster than FFT’s of size 142, depending on implementation details and hardware capabilities. This also gives two extra symbols that can be used for training or other purposes. Although the sub-carrier spacing for 
[image: image5.wmf]144

=

N

 is a little smaller than for 
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, the difference in performance between the two FFT lengths is negligible.

At the higher symbol rate, a reasonable choice of  
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 is
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, which gives the same payload and training symbols as EGPRS2-B.  A more convenient value from the computational point of view is
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. This last value is obtained by the elimination of one training symbol. Although the sub-carrier spacing for 
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 is a little larger than for
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, and even though one training symbol is removed, the difference in performance between the two DFT lengths is negligible. A further reduction in computational complexity is achieved by choosing an FFT size of 
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. 
This design is in the following sub clauses and in the remainder of the TR referred to as ‘Low complexity SBPCE2B’, see [6.2-10] for more details. If Low complexity SBPCE2B is not explicitly referred to SBPCE2B is assumed to be based on the design with an FFT size of 169.
As the Low complexity SBPCE2B FFT size is reduced, the modulation order needs to be increased, as shown in table 6.2-0, in order for the Low complexity SBPCE2B radio block to maintain its payload capacity.
Table 6.2-0. Modulation distribution for Low complexity SBPCE2B.
	DBS-5/6
	DBS-7/8/9
	DBS-10/11
	DBS-12b
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Table 6.2-0a lists the TSC length and payload size of the investigated SBPCE2B burst formats.  To accommodate a total burst size of 162 the number of TSC symbols need to be reduced to 26 symbols while the payload size is reduced to 136 symbols. The Low complexity SBPCE2B TSC length of 26 symbols enables a re-use of the TSC set defined for EGPRS2-A.

Table 6.2-0a. Payload and TSC size for SBPCE2B and Low complexity SBPCE2B.
	TSC length
	#Payload/half burst length
	DFT size
	Radix size

	30
	69
	168
	2,3,7

	26
	68
	162
	2,3


Table 6.2-1 summarizes the lengths of the DFT required by the investigated SBPCE2 burst formats
Table 6.2-1 DFT length for SBPCE2

	Symbol rate
	DFT Length
	Radix size

	Normal
	144
	2,3

	Higher
	168
	2,3,7

	Higher, low complexity
	162
	2,3


6.2.1.1.1
Performance Evaluation of DFT lengths

Figures 6.2-1 and 6.2-2 show that a DFT of size 144 for normal symbol rate and 168 for higher symbol rate can be adopted without link performance losses with respect to the sizes 142 and 169 respectively. 
Simulation assumptions include TX and RX impairments from [6.2-1] TSC positioning based on [6.2-3] and using an RX bandwidth of 240 kHz and 275 kHz for PCE2-A and PCE2-B respectively. 
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Figure 6.2-1 Performance of PC EGPRS2-A with different DFT lengths
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Figure 6.2-2 Performance of PC EGPRS2-B with different DFT lengths.
The performance impact on reducing the size of the FFT from 169 to 162 by utilizing a shorter TSC and increasing the modulation order is listed in table 6.2-1 for different propagation conditions and interference/sensitivity limited scenarios. It can be seen that the performance difference between SBPCE2B and Low complexity SBPCE2B is typically 0.5 dB or less for most of the investigated scenarios.
Table 6.2-1a. Performance comparison between SBPCE2B (FFT size 169) and Low complexity SBPCE2B (FFT size 162)
	MCS
	Performance difference between SBPCE2B (FFT size 169) and Low complexity SBPCE2B (FFT size 162)
@ DataBLER 10% (Db)

	
	TU50nFH,

Sensitivity
	TU50nFH,

CO
	TU50nFH, 

DTS-2
	TU50nFH, 

ADJ
	HT100nFH, 

Sensitivity
	RA250nFH, 

Sensitivity

	DBS-5
	+0.5
	+0.5
	+0.5
	+0.7
	+0.6
	+0.4

	DBS-6
	+0.4
	+0.5
	+0.5
	+0.5
	+0.8
	+0.3

	DBS-7
	+0.3
	+0.3
	+0.6
	+0.6
	+0.5
	+0.5

	DBS-8
	+0.3
	+0.4
	+0.4
	+0.5
	+0.5
	+0.5

	DBS-9
	+0.3
	+0.4
	+0.4
	+0.3
	+0.5
	+0.8*

	DBS-10
	+0.3
	+0.5
	+0.4
	+0.3
	+0.9
	

	DBS-11
	+0.4
	+0.4
	+0.4
	+0.5
	
	

	DBS-12b
	+0.7
	+0.1
	+0.5
	+1.2
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6.2.2.1

Choice of CP length for Single Block PCE2
The CP introduces overhead, but also helps reduce the complexity of the demodulator. In order to keep both the duration of the PCE2 time slot and maintain the guard period as in EGPRS2, the following values are proposed. 

Table 6.2-3 CP length for PCE.

	Symbol rate
	CP duration [s]

	Normal
	6*48/13

	Higher
	9*40/13

	Higher, low complexity
	15*40/13


The proposed duration of the CP covers the time dispersion due to the Tx/Rx filters, as well as the time dispersion found in the most common propagation environments (except for Hilly Terrain).
	THIRD MODIFIED SUBCLAUSE


6.2.3.1.3.2 
Simulation Results and conclusions

The evaluation process involves:

· Tuning the concentrated training symbol placement, including the first training symbol, 
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, and the number of concentrated training symbols, 
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in both sensitivity and interference limited scenarios (single interference and multiple interferences);

· Performance comparison with uniform placement and concentrated placement, in both sensitivity and interference limited scenarios.
An example of performance comparison between uniform and concentrated TSC placement can be seen in Figure 6.2-5.
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Figure 6.2-5. Performance of different training symbol placements in sensitivity.
It can be seen that the concentrated placement generally outperforms the uniform placement, which results from a balanced SNR. In TU channel, the gain with concentrated placement can be over 1dB for SNR below 24 dB, and in static channel, an overall improvement up to 2dB is achieved. It can also be noticed that, in static channel, the gain increases as more training symbols are concentrated, which is well aligned with the theoretical analysis of a more balanced SNR.

Please refer to [6.2-3] for a detailed information about the evaluation and simulation results.

The following conclusions are reached based on the evaluation:

· Both the MMSE criterion and the balancing SNR criterion can be used to reach a reasonable design of the training symbol placement; 

· The effectiveness of the balancing SNR criterion is limited by non-AWGN noise, unknown and fading channel, and constraints made for design simplicity;

· For sensitivity, the concentrated placement outperforms the uniform placement (especially at low SNR region). The gain is up to 1dB in TU channel and up to 2dB in a Static channel. 

· In single interference case, concentrated placement is outperformed by the uniform placement. The degradation is up to 1.5dB.  The gap steadily closes as 
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increases;

· In multi-interference case, the concentrated placements generally outperform the uniform placement.  At high C/I region, the uniform placement outperforms concentrated placements with a lower 
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;
· The placement of the first training symbol, 
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, does not affect the performance much in both sensitivity and interference limited scenario. The differences are within 0.2dB for the simulated scenarios.

It is therefore recommend to use a concentrated training symbol placement, with moderate amount of concentrated training symbols, to have non-negligible gain in sensitivity and multi-interference scenario, while only a small degradation in single interference case. For PCE2A, 
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is recommended; for PCE2B, 
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Table 6.2-4a shows the TSC placements used for SBPCE2B and Low complexity SBPCE2B in the TR.
Table 6.2-4a. TSC placements for SBPCE2B and Low complexity SBPCE2B.
	Format
	TSC placement

	SBPCE2
	[7 18 30 41 53 64 75:92 103 114 126 137 149 160]

	Low complexity SBPCE2
	[7 20 33 47 60 73:88 101 114 128 141 154]
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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.

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 [6.4-7]
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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