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Optimised pulse shapes
1. Introduction

Several pulse shapes based on closed expression formulae have been proposed for the wide pulse shape such as the RRC at bandwidths up to 325kHz and the linearised GMSK scaled to 325ksymbols/s.
In this contribution, it is considered whether the pulse shape can be tailored further to the boundary conditions and performance objectives in order to better balance throughput performance and adj-channel protection.

2. Optimsation
Further gains than what have been demonstrated so far should be achievable if we consider that an optimised pulse shape can take into account many different factors that would be impossible to jointly optimise with a closed expression formula.
Factors for optimisation include:

· Sufficient adjacent protection for legacy speech services

· Throughput maximization for REDHOT/HUGE

· Low Peak-to-Average Power ratio (PAR) 

· Reduced length in time domain

In this contribution, sufficient adjacent protection for legacy speech services were considered by assuming the following adjacent channel requirements from the network:

· 13 dB for the 1st adjacent channel attenuation

· 50 dB for the 2nd adjacent channel attenuation
Note that these values are only to be taken as example requirements. Realistic requirements have been derived in [1] which propose an adjacent channel protection of 12 dB for the 1st adjacent channel.
3. Results

3.1 Pulse shape

An optimised pulse shape example is depicted in Figure 1. Actual coefficients values can be found in Annex A.
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Figure 1 - Optimised pulse shape
3.2 Impact to the link performance of speech
In Figure 2, the link performance of speech (TCH/FS) is given when assuming different pulse shapes for the interferer
. These results have been summarised in Table 1 both in terms of the simulated performance and by calculating the power at the receiver (when assuming a linearised GMSK Rx filter). Especially with the wider pulse shapes, the calculated power closely resembles the link performance.
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Figure 2 - Simulated performance of TCH/FS when assuming different pulse shapes for the interferer.
Table 1 - Simulated (left) and calculated (right) performance
	dB
	CCI
	ACI

	GMSK
	0.0
	-20.9

	Gauss325
	-0.2
	-17.2

	Optimised
	-0.9
	-14.1

	W-RRC
	-2.3
	-9.6

	dB
	CCI
	ACI

	GMSK
	0.0
	-18.3

	 Lgauss325
	-0.4
	-15.2

	Optimised
	-0.9
	-12.9

	W-RRC
	-2.3
	-9.0



As expected, interferers with the wider pulse shape improve co-channel performance and reduce adjacent channel performance. For example, relative to the linearised GMSK pulse, the RRC 325 pulse shape offers an improvement in co-channel performance of 2.3 dB and a reduction in adj-channel performance of 20.9 - 9.6 = 11.3 dB, whereas the optimised pulse offers an improvement in co-channel performance of 0.9 dB and a reduction in adj-channel performance of 20.9 - 14.1 = 6.8 dB.

4. Coverage throughput performance
An important motivation for a wider pulse shape is the considerable improvement that it provides in throughput.

This is illustrated in Figure 3, where @ 15dB point:
· W-RRC is best as expected (very close to ideal pulse shape for coverage)

· Proposed pulse shape is 7.5kbit/s or 2.1 dB worse
· Lin. Gaussian (325 kHz) is 17.5kbit/s or 4.4 dB worse
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Figure 3 - Coverage throughput performance of candidate pulse shapes.
4.1 Peak to average ratio performance

Peak-to-average ratio (PAR) should be sufficiently small to enable an efficient TX implementation. PAR calculations for the different pulse shapes are given in Table 2.
Table 2 - PAR for candidate pulse shapes.
	Modulation
	W-RRC
	L-GMSK

325 kHz
	Optimised

	QPSK
	2.0 dB
	2.7 dB
	2.5 dB

	16QAM
	4.5 dB
	5.3 dB
	5.0 dB

	32QAM
	4.8 dB
	5.6 dB
	5.3 dB


5. Conclusion

In this contribution, it was demonstrated that a pulse shape with superior properties can be obtained by computer aided optimisation rather than by tuning parameters of a pulse shape based on closed expression formula such as the RRC or the linearised GMSK pulse. This is because computer optimisation can better balance the throughput performance and the adj-channel protection.
Once the boundary conditions are agreed, in particular 

· what adjacent channel protection is desired
· how it should be measured,
a suitable pulse can be searched. The optimised pulse shape should leave a suitable implementation margin in the spectrum such that the real implementations meet the adjacent channel protection objectives.
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Annex A - Pulse shape coefficients
· Length is 6 symbol durations at 325 ks/s rate

· Real and symmetric

· 10x oversampling 

  2.3612855e-005

  3.3579009e-004

  8.7893311e-004

  1.6292229e-003

  2.4887543e-003

  3.2850693e-003

  3.7908289e-003

  3.7638957e-003

  3.0040749e-003

  1.4189401e-003

 -9.1202553e-004

 -3.6874327e-003

 -6.3599626e-003

 -8.1480751e-003

 -8.0885605e-003

 -5.1294590e-003

  1.7454758e-003

  1.3378602e-002

  3.0308069e-002

  5.2663252e-002

  8.0098178e-002

  1.1177092e-001

  1.4637297e-001

  1.8220883e-001

  2.1732127e-001

  2.4965166e-001

  2.7721662e-001

  2.9827773e-001

  3.1148517e-001

  3.1598466e-001

  3.1148517e-001

  2.9827773e-001

  2.7721662e-001

  2.4965166e-001

  2.1732127e-001

  1.8220883e-001

  1.4637297e-001

  1.1177092e-001

  8.0098178e-002

  5.2663252e-002

  3.0308069e-002

  1.3378602e-002

  1.7454758e-003

 -5.1294590e-003

 -8.0885605e-003

 -8.1480751e-003

 -6.3599626e-003

 -3.6874327e-003

 -9.1202553e-004

  1.4189401e-003

  3.0040749e-003

  3.7638957e-003

  3.7908289e-003

  3.2850693e-003

  2.4887543e-003

  1.6292229e-003

  8.7893311e-004

  3.3579009e-004

  2.3612855e-005













































































































































� Based on the power calculated when assuming a linearised GMSK Rx filter.


� Adjacent channel interference performance curves have been shifted to the right by 18 dB.


� Note that we couldn't confirm the -6.9 dB figure given in AHG1-070016.
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Adjacent channel interferers are shifted by 18 dB!
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