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1	Introduction
This contribution relates to a 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 different shaping filters. 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 [0.335, 1.0, 0.335] 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 paper from RAN4#99e [2]. Less aggressive 3-tap filters are included too. 3-tap filter is implemented in frequency domain due to lower complexity.
Results include also 1+D filter scheme. In this scheme shaping is not used for transmitting DMRS, however the shaping is compensated in channel estimation of the receiver. This scheme requires specifying the used shaping filter so the receiver is aware of it. Also it has the drawback that shaping benefits are not obtained for DMRS symbols in transmitter, i.e. backoff can be higher for DMRS symbols than data symbols.
Results are shown also for triangular filter. For the triangular filter the two parameters given are attenuation at half and edge of the frequency allocation similar to X1,X2 for the spectral flatness requirements in specification.
Frequency responses for the used filters are shown and compared against the current frequency flatness requirement in Figure 1. As can be seen all other filter schemes than 1+D meet the current spectral flatness requirement.
Observation 1: 1+D filter scheme used in simulations requires specifying the shaping filter function, all other schemes do not require specification changes.
Observation 2: 1+D filter does not meet the current frequency flatness requirement
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Figure 1 Frequency responses of the filters compared to spectral flatness requirement

Simulation parameters are shown in Table 1 and the link simulation results for 2-64 PRB bandwidths in Figure 2. Simulation parameters are according to agreed way forward [3].
It can be observed that link loss due to more aggressive spectral shaping is higher with small bandwidths, hence it could be beneficial to use milder filtering when bandwidth is small.
Observation 3: Link loss due to more aggressive spectral shaping filtering is higher with small bandwidths.
Link loss of 1+D filter is low with 2-4 PRB but higher with 8-16 PRB bandwidth. This result requires that the receiver is aware of the filter used.
Observation 4: Link loss due to 1+D filter is low with 2-4 PRBs but higher with 8-16 PRBs. 
Performance of triangular filter looks quite similar to corresponding 3-tap filters.
Observation 5: Triangular filter seems to perform rather similarly to equally steep 3-tap filter
When comparing results between three channel models, it can be noted that for given number of PRBs, the performance difference between the used filters is quite similar for all the channel models, however magnitude of differences varies slightly.
Observation 6: For given number of PRBs, the performance difference between the used filters is quite similar for all the channel models.

Table 1 Simulation assumptions
	Carrier frequency
	4GHz

	Channel BW
	100MHz

	SCS
	30kHz

	Channel model
	TDL-C 300ns, TDL-A 30ns, TDL-D 30ns

	UE speed
	3km/h

	Channel estimation
	Frequency 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
	2,4,8,16,64

	MCS
	0

	Channel 
	PUSCH, 14 OFDM symbols 

	Frequency hopping 
	No

	BLER
	10%

	Spectral shaping filter
	3-tap, FD implementation
1+D (not used for DMRS symbols)
Triangular filters
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Figure 2 Required SNR for 10% BLER for different channel profiles

[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: 1+D filter scheme used in simulations requires specifying the shaping filter function, all other schemes do not require specification changes.
Observation 2: 1+D filter does not meet the current frequency flatness requirement
Observation 3: Link loss due to more aggressive spectral shaping filtering is higher with small bandwidths.
Observation 4: Link loss due to 1+D filter is low with 2-4 PRBs but higher with 8-16 PRBs. 
Observation 5: Triangular filter seems to perform rather similarly to equally steep 3-tap filter
Observation 6: For given number of PRBs, the performance difference between the used filters is quite similar for all the channel models.
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