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Pulse shaping for 8PSK
1. Introduction

During earlier studies on DSR, it was noticed that the linearised GMSK filter was not optimal for 8PSK and there was potential performance gains for very little implementation effort. 
In this contribution, it is shown that gains of a similar order to those shown for Higher Order Modulation (HOM) are possible, but at a fraction of the implementation cost.
Importantly, these gains apply to legacy mobiles, thus spectral efficiency gains are not dependent on MS penetration. Further, these gains are not offset by multiplexing losses expected with HOM on downlink.
When the pulse shaping filter bandwidth is widened slightly, the PAR of 8PSK was seen to be reduced. This is in contrast with when the modulation order is increased, where an increase in PAR leads to tighter requirements on PA linearity and increased PA back-off - leading to a reduction in coverage and impacts on neighbour cell measurements.
2. Simulation assumptions and Modelling requirements
In the study, the performance of the RRC filter was compared with the current linearised GMSK filter. Three filter bandwidths were considered: 90kHz, 110kHz and 130kHz. A practical filter length of 5 symbol periods (same as the linearised GMSK filter) necessitated windowing using a Hann window. This reduced the filter bandwidth and increased the filter roll-off. Resultant filters are depicted in Figure 1 and Figure 2.
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lin. GMSK

RRC L=5 R=0.3 90kHz Hann

RRC L=5 R=0.3 110kHz Hann

RRC L=5 R=0.3 130kHz Hann


Figure 1 - filters used in the study
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Lin. GMSK

RRC L=5 R=0.3 90kHz Hann (73kHz)

RRC L=5 R=0.3 110kHz Hann (92kHz)

RRC L=5 R=0.3 130kHz Hann (114.5kHz)


Figure 2 – filters used in the study
Peak-to-average ratio (PAR) is shown in Table 1 for each filter. For the 130kHz filter, a significant reduction in PAR is observed.

Table 1 - Peak-to-average ratio for each filter.
	Pulse shaping filter
	Peak-to-average radio

	Linearised GMSK filter
	3.2dB

	RRC L=5 R=0.3 90kHz Hann
	3.0dB

	RRC L=5 R=0.3 110kHz Hann
	3.1dB

	RRC L=5 R=0.3 130kHz Hann
	2.3dB


Sensitivity and interference performance was evaluated for both narrowband ‘legacy’ MS receivers and wideband ‘state-of-the-art’ MS receivers. For interference performance, the DTS-2 model was used to represent interference environment of a typical interference limited network (multiple synchronous co- and adjacent channel interferers). A single co-channel and single adjacent-channel interferer was also considered to represent co-channel and adjacent-channel limited interference environments.
To evaluate throughput performance, throughput curves were obtained for DTS-1 and DTS-2 interference environments (GMSK modulated interference was assumed). Throughput gain was then obtained by calculating the mean difference in dB between throughput curves for the RRC filter and the linearised GMSK filter.
To evaluate the impact of wider interferer bandwidth on legacy services, TCH/FS performance was evaluated when subjected to the DTS-2 interferer environment for the linearised GMSK filter and each RRC filter. Figure 3 depicts this environment for the TCH/FS GMSK carrier and 8PSK interference filtered using the 90kHz (solid) and 130kHz (dashed) RRC pulse shaping filter. 
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Figure 3 – The DTS-2 interference environment
Further simulation assumptions can be found in the Table 2.
Table 2 – Link simulation assumptions

	Parameter
	value

	Channel profile
	TU50nFH (sensitivity)

TU3iFH (interference)

	Carrier frequency
	900MHz

	Bursts per simulation point
	10,000 (EGPRS)
20,000 (TCH/FS)

	Impairments
	none


3. Results
3.1 Sensitivity performance
Sensitivity performance for narrowband and wideband receiver architectures is shown in Figure 4. The mean gain in sensitivity was computed over the Eb/No range and is shown in Table 3. These figures include any reduction in the required back-off due to a lower PAR.

Table 3 - Mean gain in sensitivity
	dB
	RRC 90kHz
	RRC 110kHz
	RRC 130kHz

	NB receiver
	0.7
	1.0
	1.7

	WB receiver
	0.5
	1.0
	1.9
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Lin. GMSK

RRC L=5 R=0.3 90kHz Hann (73kHz)
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Lin. GMSK

RRC L=5 R=0.3 90kHz Hann (73kHz)
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Figure 4 – Sensitivity performance (left: NB RX, right: WB RX)

3.2 Impact to legacy services

TCH/FS FER performance for DTS-2 environment is shown in Figure 5. For the narrowband receiver, the impact was a performance improvement which was a function of pulse shaping filter bandwidth. For example, 2.25dB gain at the 1% FER point was observed for the 130kHz filter. For the wideband receiver, no noticeable impact is seen regardless of the filter bandwidth.
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lin. GMSK

RRC L=5 R=0.3 90kHz Hann

RRC L=5 R=0.3 110kHz Hann

RRC L=5 R=0.3 130kHz Hann
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lin. GMSK

RRC L=5 R=0.3 90kHz Hann

RRC L=5 R=0.3 110kHz Hann

RRC L=5 R=0.3 130kHz Hann


Figure 5 – Impact on TCH/FS performance (left: NB RX, right: WB RX)
3.3 Interference performance
Interference performance for narrowband and wideband receiver is shown in Figure 6 for DTS-2, Figure 7 for co-channel and in Figure 8 for adjacent-channel models. The mean gain in C/I computed over the C/I range and is shown in Table 4.
Table 4 - Mean gain in throughput

	dB
	RRC 90kHz
	RRC 110kHz
	RRC 130kHz

	DTS-2 NB RX
	0.4
	0.8
	0.9

	DTS-2 WB RX
	0.4
	1.0
	1.2

	CCI NB RX
	0.4
	0.7
	0.6

	CCI WB RX
	2.9
	3.6
	3.6

	ACI NB RX
	0.5
	0.4
	0.0

	ACI WB RX
	0.4
	0.4
	0.1
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Lin. GMSK

RRC L=5 R=0.3 90kHz Hann (73kHz)

RRC L=5 R=0.3 110kHz Hann (92kHz)
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Figure 6 – DTS-2 interference performance (left: NB RX, right: WB RX)
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lin. GMSK

RRC L=5 R=0.3 90kHz Hann

RRC L=5 R=0.3 110kHz Hann

RRC L=5 R=0.3 130kHz Hann
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lin. GMSK

RRC L=5 R=0.3 90kHz Hann
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Figure 7 – CCI interference performance (left: NB RX, right: WB RX)
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Lin. GMSK

RRC L=5 R=0.3 90kHz Hann (73kHz)
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Lin. GMSK
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Figure 8 – ACI interference performance (left: NB RX, right: WB RX)

4. Conclusion

In this contribution, the following conclusions were noted:

· Gains of a similar order to those shown for HOM are possible, but at a fraction of the implementation cost.
· Gains were constant and across all dB values
· Gains apply to legacy mobiles, thus spectral efficiency gains not dependent on MS penetration nor offset by multiplexing losses 

· When the pulse shaping filter bandwidth is widened, the PAR of 8PSK was seen reduce, thus providing further gains in coverage. Opposite is observed when modulation order is increased.
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