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1	Introduction
This contribution relates to a new study item agreed in RAN#91-e, namely “optimizations of pi/2 BPSK uplink power in NR” [1]. In this paper we study the BS receiver performance with shaping filter allowed by the current specifications. This work is related to the following study item objective:
· Identify shaping filter characteristics necessary to enable the new power capability while ensuring good and robust BS receiver performance.
· Justify specification of a pulse shaping filter for this new identified UE power capability if it differs from filter impulse response specification in TS38.101-1 clause 6.4.2.4.1.E
2	Discussion
The current specification assumes the spectral shaping to be transparent to gNB receiver. With such assumption the best performance is obtained by applying the same spectral shaping filter to both DMRS and data. 
The spectral shaping filter used in this paper is the most aggressive 3-tap filter that meets the current spectral flatness requirements as shown in our accompanying paper [2].  Filter is implemented in frequency domain due to lower complexity.
In these simulations we use time domain channel estimation. It is natural choice with the low PAPR sequence type 2 used for DMRS with the pi/2 BPSK because it does not suffer due to the non-flat frequency domain characteristic of type 2 sequence. In these results the length of the time domain channel estimation window is optimized for each simulation case.
Simulation parameters are shown in Table 1 and the link simulation results for 2-64 PRB bandwidths in Figure 1. Note that in BPSK case spectral efficiency is equal to code rate. Results show that link loss due to spectral shaping filter following the current specification is very small when time domain channel estimation is used. 
Observation 1: Link loss due to spectral shaping filter following the current specification is very small when time domain channel estimation is used.
As discussed in [2], the existing filter requirements can provide the maximum achievable power for the considered scenarios. Hence, we expect that Observation 1 holds also for other reasonable spectral shaping filters. The results also indicate that there is no reason to change the Rel-15 approach with transparent spectral shaping to gNB receiver in Rel-17.
Observation 2: There seems to be no reason to change the Rel-15 approach (i.e. transparent spectral shaping to gNB receiver) in Rel-17.

Table 1 Simulation assumptions
	Carrier frequency
	4GHz

	Channel BW
	100MHz

	SCS
	30kHz

	Channel model
	TDL-C 300ns

	UE speed
	3km/h

	Channel estimation
	Time domain

	Number of Tx antennas
	1

	Number of Rx antennas
	4

	DMRS config
	Low PAPR sequence type 2, 2 symbols

	Waveform
	DFT-S-OFDM

	HARQ config
	No retransmissions

	Num PRBs
	2,4,8,16,32,64

	Coding rates
	1/8, 1/4, 1/3, 1/2, 2/3

	Channel 
	PUSCH, 14 OFDM symbols 

	Frequency hopping 
	No

	BLER
	10%

	Spectral shaping filter
	3-tap, [0.335, 1.0, 0.335], FD implementation
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[bookmark: OLE_LINK53][bookmark: OLE_LINK54]3	Conclusion
In this contribution we have studied receiver performance of pi/2 BPSK with spectral shaping. Based on the results we have made following observations:
Observation 1: Link loss due to spectral shaping filter following the current specification is very small when time domain channel estimation is used.
Observation 2: There seems to be no reason to change the Rel-15 approach (i.e. transparent spectral shaping to gNB receiver) in Rel-17.
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