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1. Background

A new SI was approved by RAN to initiate a study on pi/2 BPSK uplink power enhancements starting with RAN4#99-e. Some agreements from RAN4#99e are as follows
Perform link level simulations using the following configurations
	Parameter
	Value

	Pulse shaping filter
	Filter configuration conforms to 38.101-1

	Channel model
	TDL-C300ns, TDL-A30, TDL-D30

	MCS
	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, 64]

	TX/RX configuration
	1TX/4RX

	BW
	100 MHz

	UE speed
	3 km/h

	SCS 
	30 kHz

	HARQ configuration
	No retransmissions


· Initial study to focus on filter configurations defined as per 38.101-1, section 6.4.2.4.1
· Interested companies can do subsequent studies that focus on other filter configurations 
· All companies to initially study 1 PA designs
· Interested companies can subsequently study multi-PA designs 
· For initial studies where filters conforming to 38.101-1, section 6.4.2.4.1 are analyzed current EVM equalizer spectral requirements remain unchanged
· Subsequent studies using other filter configurations modifications to EVM equalizer spectral requirements can be considered
In this contribution we discuss the impacts of spectral shaping on the link level performance and the various aspects related to power classes. 

2. Considerations for Pi/2 BPSK with spectrum shaping
To understand the impacts of spectrum shaping, we have done link level evaluations for the following settings with and without 1+D spectrum shaping. 
2.1 Link Level Simulations 
	Parameter
	Value

	Pulse shaping filter
	1+D

	Channel model
	TDL-D 30, TDL-A30

	MCS
	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
	1,4,16

	TX/RX configuration
	1TX/4RX

	BW
	100 MHz

	SCS 
	30 kHz

	HARQ configuration
	No retransmissions



	Allocation Size
	W/O Filter
	With 1+D Filter
	Delta (dB)

	1 PRB
	-4.68
	-4.39
	0.29

	4 PRB
	-9.667
	-9.55
	0.117

	16 PRB
	-10.49
	-10.484
	0.006


Table: SNR comparison with and without 1+D spectrum shaping at 10^-1 BLER in TDLD-30
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Figure: BLER for 1 PRB allocation with and without 1+D spectrum shaping in TDLD-30
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Figure: BLER for 4 PRB allocation with and without 1+D spectrum shaping in TDLD-30
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Figure: BLER for 16 PRB allocation with and without 1+D spectrum shaping in TDLD-30

We have done the similar analysis for TDLA-30ns channel as per agreements and the behavior is shown in the table below.
	Allocation Size
	W/O Filter
	With 1+D Filter
	Delta (dB)

	1 PRB
	-3.7
	-3.5
	0.2

	4 PRB
	-8.05
	-7.95
	0.1

	16 PRB
	-8.24
	-8.24
	0


Table: SNR comparison with and without 1+D spectrum shaping at 10^-1 BLER in TDLA-30


The low PAPR property of pi/2 BPSK does not arise due to pi/2 BPSK modulated symbols alone. The specific combination of constellation rotation of BPSK symbols by 90-degress and a certain spectrum/pulse shaping filter leads to a signal that behaves almost like a constant envelope signal. Studies have shown that the 1+D filter is an optimum choice and it has remarkably attractive properties:
1. The time domain filtering complexity is minimum for 1+D filter i.e., two successive pi/2 BPSK modulation symbols are mapped to QPSK constellation based on certain look tables. 
2. The ISI generated by the 1+D filter gives rise to an ISI channel with minimal dispersion i.e., only 2-taps. Both from channel estimation and equalization perspective this is highly desirable condition.
3. In the operational scenarios of interest i.e., under very low SNR conditions where pi/2 BPSK is used, the 1+D filter does not have significant BER/BLER penalty as shown in above results.
4. gNB Receiver: To support pi/2 BPSK, the base station needs to implement DFT-S-OFDM receiver. It should be noted that the channel estimator has to be aware of the presence of strong spectrum shaping. In conventional receiver implementation, the received DMRS goes through an “interpolation” step that is a function of “delay spread” experienced by the system. In the presence of strong shaping, the channel estimator needs be aware of the additional “dispersion/ISI” introduced by the shaping filter. The shaping aware channel estimation followed by standard MMSE equalization effectively mitigates the additional ISI introduced by the shaping filter. 

Observation: The loss due to 1+D spectrum shaping does not exceed 0.3 dB.

image1.png
BLER

10

10

10

5 Wi Fikerng
% wimoutiterng

10

s
SNR(dB)

s





image2.png
BLER

10%

10

5 Wit Fikering
% wimoutFiterng

15

145

14

135

13

125
SNR(dB)

12

115 a1 105





image3.png
BLER

10%

10

10

107

5 Wi Fierng
% wimoutiterng

15

14

13

12

SNR(dB)

11

10 9





