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Introduction
In RAN4#99-e it was agreed that link level simulations will be performed on candidate pulse shaping filters to evaluate their impact on basestation SNR [1]. This paper presents the simulation results for several candidate 3-tap pulse shaping filters. 
 
Discussion
In RAN4#99-e it was agreed that link level simulations would be performed for various pulse shaping filters, channel models and waveform configurations. The following table gives the link level parameters that were considered in our simulations. 
	Parameter
	Value

	Pulse shaping filter
	Filter configuration conforms to 38.101-1

	Channel model
	 TDL-A30ns

	MCS Code rate
	0


	Waveform
	DFTS OFDM with pi/2 BPSK filtered by same filter as for Rel-16 DMRS

	# of DMRS symbols/slot
	2

	# of data symbols/slot
	12

	# of RBs
	2, 4, 8, 16

	TX/RX configuration
	1TX/4RX

	BW
	100 MHz

	UE speed
	3 km/h

	SCS 
	30 kHz

	HARQ configuration
	No retransmissions


Table 1 – Link level simulation parameters
The following pulse shaping filter were considered in these simulations:
	Pulse shaping filers

	 [0.26 0.93 0.26]

	[0.28 0.92 0.28]

	[0.30 0.91 0.30]

	[0.35 0.87 0.35]


Table 2: Pulse shaping filters considered for link simulations
Below are the link simulation results for 2, 4, 8 and 16 RBs
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Figure 1: Waveform with number of  RB=2
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Figure 2: Waveform with number of RB=4
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Figure 3: Waveform with number of RB=8
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Figure 4: Waveform with number of RB=16

For a BLER=10-1   the following is observed from the simulation results:

	Waveform RB #
	SNR @ BLER=10-1   No filter
	SNR @ BLER=10-1   with filter
	Delta (dB)

	2
	-6.9
	-6.5
	0.4

	4
	-8.7
	-8.5
	0.2

	8
	-9.9
	-9.7
	0.2

	16
	-10.8
	-10.7
	0.2



It is seen that the effect of filtering is to increase the SNR by up to 0.4 dB for a BLER=10-1. As can be seen the SNR required for BLER=10-1 decreases with RB number. This is due to a larger processing gain and coding gain for waveforms with a larger RB number.

Therefore,  by placing an upper bound on these results to the nearest 0.5 dB it can be said that if filtered Pi/2 BPSK signals provide at least  0.5dB more output power compared to unfiltered pi/2 BPSK signals then there is a net benefit to the demodulation performance at the basestation receiver.
Observation: If filtered Pi/2 BPSK signals provide at least 0.5dB more output power compared to unfiltered pi/2 BPSK signals then there is a net benefit from filtering to the demodulation performance at the basestation receiver


Conclusion
Link simulations were performed on several pulse shaping filters for waveforms with 2, 4, 8 and 16 RB lengths and the following observation was made:
Observation: If filtered Pi/2 BPSK signals provide at least 0.5dB more output power compared to unfiltered pi/2 BPSK signals then there is a net benefit from filtering to the demodulation performance at the basestation receiver
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