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Complexity reduction of SBPCE2B
1 Introduction
The current implementation proposal for SBPCE2B in [1] results in a DFT with radix sizes 2, 3 and 7. To optimize the computational complexity of SBPCE2 it is favorable if radix size 7 can be avoided. This contribution investigates alternative SBPCE2B burst formats with conditioned to a DFT size of 162, reducing the radix sizes to 2 and 3.
The performance of these alternative burst formats has been evaluated in different propagation environments and interference scenarios. It is shown that a low complexity SBPCE2B burst format is achievable with a performance degradation bounded to 0.5dB, compared to the proposal in [1], for most of the investigated scenarios.
2  Low complexity SBPCE2B implementations
The evaluated burst formats are listed in Table 1. Burst format 0 corresponds to the original proposal, presented in [1].
	Format
	Training sequence length
	#Payload/half burst
	DFT size
	Radix size

	0 
	30
	69
	168
	2,3,7

	1
	24
	69
	162


	2,3

	2
	26
	68
	
	

	3
	28
	67
	
	

	4
	30
	66
	
	


Table 1: SBPCE2B burst configuration candidates.

The training sequence is, for simplicity, directly truncated in the end to the specified lengths presented in Table 1. For DBS5-11, mixed mode modulation is used to reduce the payload length. For DBS-12, a new MCS with 64QAM only modulation is designed and in this paper denoted DBS-12b. The modulation per half burst is listed in Table 2.
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Table 2: Mixed mode modulation for low complexity SBPCE2B.
3 Simulation results
3.1 Simulation settings
The basic simulation assumptions are listed in Table 3. 
	Parameter
	Value

	MCSs
	DBS5-11, DBS-12b

	CP length
	9 (for burst format 0), 

15 (for burst format 1-4)

	RX BW
	340 kHz

	Channel propagation
	TU50nFH, HT100nFH, RA250nFH

	Interference/noise
	AWGN, CO, DTS-2 modified, ADJ

	Tx filter
	Lin GMSK

	Frequency band
	900 MHz

	Frames
	5000

	Max transmissions for IR
	No IR

	Soft clipping
	Inactive unless otherwise stated

	Hard clipping
	Inactive unless otherwise stated

	Receiver oversampling
	2

	Blind Detection
	On [2]

	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.

The training sequence placements for different burst formats are listed in Table 4. They are designed according to [3].
	Format
	TSC placement

	0
	[7 18 30 41 53 64 75:92 103 114 126 137 149 160]

	1
	[7 20 34 47 61 74:87 100 114 127 141 154]

	2
	[7 20 33 47 60 73:88 101 114 128 141 154]

	3
	[7 20 33 46 59 72:89 102 115 128 141 154]

	4
	[7 18 29 40 51 62 72:89 99 110 121 132 143 154]


Table 4: Training sequence placement.
3.2 Simulation results

3.2.1 Performance under different interference scenarios

Figure 1 to Figure 4 shows the performance of SBPCE2-B, given the burst formats listed in Table 1, in different interference scenarios. It can be seen that the smallest degradation using DBS-12b is achieved with burst format 2, for all the simulated scenarios. For DBS5-11, the performance difference among burst formats 1-4 is within 0.5dB, except in the single ADJ interference case where burst format 2 has a degradation of around 0.8dB when compared to the best performance. The performance difference between burst format 0 and 2 is summarized in Table 5.
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Figure 1: Throughout of low complexity SBPCE2B, Tu50nFH Sensitivity.
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Figure 2: Throughout of low complexity SBPCE2B, Tu50nFH CO.
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Figure 3: Throughout of low complexity SBPCE2B, Tu50nFH DTS-2.
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Figure 4: Throughout of low complexity SBPCE2B, Tu50nFH single ADJ.

3.2.2 Performance with different propagation models

Figure 5-Figure 6 shows the performance in HT and RA channels. The performance differences among burst formats 1-4 in both scenarios are within 0.5dB, with SNR up till 35dB. The performance difference between burst format 0 and 2 is summarized in Table 5.
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Figure 5: Throughout of low complexity SBPCE2B, HT100nFH sensitivity.
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Figure 6: Throughout of low complexity SBPCE2B, RA250nFH sensitivity.

3.2.3 Robustness against clipping

The robustness of the different burst formats against soft clipping and hard clipping [4] is evaluated, targeting a PAR of 6dB. From Figure 7 it can be seen that burst format 2 provides the most robust performance for DBS-12b, while burst formats 1-4 show similar performance for DBS5-11. The additional degradation due to clipping with burst format 2 is around 0.5dB, comparing with burst format 0. 
[image: image23.png]Throughput [kpbs/Ts]

120

100

80

60

40

20

Tu50nFH, SBPCE2B with PAR reduction aiming at 6dB

—+— scheme 0
—+— scheme 1
—+— scheme 2
—+— scheme 3
—+— scheme 4

15

20 25 30
Es/NO [dB]

35 40

45




Figure 7: Throughput Tu50nFH, Sensitivity, with PAR reduction.
4 Conclusion
This paper represents alternative implementations of a low complexity burst format for SBPCE2B, with a DFT size of 162. The performances of the presented alternatives are evaluated in different propagation environments and interference scenarios. The robustness against clipping is also evaluated

It is shown that burst format 2, with a training sequence length of 26 and payload size 68x2, offer the best performance while limiting the radix size to 2 and 3. This limitation is expected to reduce the computational complexity in both the transmitter and receiver.

The largest performance degradation, of 1.2dB, for the new burst format 2 is seen in for DBS-12b in the single ADJ. interference scenario.  For other scenarios, the degradation is around 0.5dB. The legacy training sequences can be reused with this implementation. 
It is proposed to add the low complexity implementation of SBPCE2 to the TR as an alternative implementation approach.
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6 Appendix
	MCS
	Performance difference between burst format 2 and burst format 0 
@ 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
	
	


*Evaluated at 20% DataBLER to avoid noise floor
Table 5: DataBLER degradation with low complexity SBPCE2B.
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