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Introduction
Pulse Shaped Pi/2 BPK has been discussed for a few meetings for FR2. In latest RAN plenary meeting [1], the decision about Pi/2 BPSK was optional for FR1 and mandatory for FR2 with capability. But MPR requirement for pi/2 BPSK is not finalized yet. In this contribution, we provide our simulation result of MPR for pulse shaped pi/2 BPSK in FR2.
Discussion
In RAN plenary #81 meeting, the approved NR RAN4 UE feature list [1] shows pi/2 BPSK is mandatory with capability for FR2.

	WI
	#
	Feature group
	Components
	Prerequisite feature groups 
	Need for gNB to know whether the
feature is supported by the UE
(what happens if gNB does not know?)
	Consequences if the feature
 is not supported by the UE
	Type (See R4-17121 19)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	RAN5 implication
	Remarks
	Responsible WG
	Recommendation for TSG-RAN
	TSG-RAN decision

	[bookmark: _Hlk507493406]
	1-6
	pi/2-BPSK for PUSCH
	1) pi/2-BPSK for PUSCH
	
	Yes
	pi/2-BPSK for PUSCH is not possible
	Type 4
	No need
	Yes
	
	RAN4 will define the same minimum requirements for pulse-shaped pi/2 BPSK and non pulse-shaped pi/2 BPSK for FR2.
	RAN4
	Optional for FR1

	Optional for FR1

For FR2, mandatory with capability 

	
	1-7
	pi/2-BPSK for PUCCH format 3/4
	1) pi/2-BPSK for PUCCH format ¾
	
	Yes
	pi/2-BPSK for PUCCH  format 3/4 is not possible
	Type 4
	No need
	Yes
	
	
	RAN4
	Optional for FR1

	Optional for FR1

For FR2, mandatory with capability




Since Tx requirements including EVM equalizer flatness requirement has been already defined for pi/2 PSK with spectrum shaping (aka. Pulse shaping) in FR2 although MPR value is not finalized. In the following session, we provide our simulation results for MPR and our MPR proposal. The simulation was performed based on the Tx requirements of EVM, IBE, ACLR and SEM defined in 38.101-2 for PC3 device. 

There are three shaping filters with different roll-off being considered. [0.05, 1, 0.05], [0.1, 1, 0.1] and [0.2, 1, 0.2] and their amplitude roll-offs at the edge RE are -1.7dB, -3.5dB and -7.35dB comparing the peak at the center correspondingly. We select [0.2, 1, 0.2] as maximum roll-off filter by considering EVM equalizer flatness requirements for pi/2 BPSK with spectrum shaping from 38.101-2. 

In DFT-S-OFDM waveform generation, DMRS symbols were generated according to 38.211, with maximum of 4 DMRS symbols which is allowed within each slot of 14 symbols. DMRS symbols have higher PAPR than pi/2 BPSK symbols. And also 4 symbols of DMRS within each slot give worst PAPR to the waveform since DMRS symbol has higher PAPR than pi/2 BPSK symbols.

Receiver had no knowledge of pulse shaping coefficients. EVM equalizer equalizing PA distortion was performed by using channel estimation and equalization process.

The resulting MPR values for pulse shaped pi/2 BPSK and QPSK are shown in the table below. Please note, MPR values derived here are based on assumption of PCG is granted. Without PCG, the values are further increased by 0.5dB for pi/2 BPSK and QPSK.

Table 1. MPR values with PCG for pi/2 BPSK w/wo spectrum shaping
	DFT-S-OFDM waveform
	MPR with PCG 

	
	50/100/200MHz

	Pi/2 BPSK [0.2, 1,  0.2]
	0.5

	Pi/2 BPSK [0.1, 1,  0.1]
	1.0

	Pi/2 BPSK [0.05, 1, 0.05]
	1.5

	Pi/2 BPSK
	1.5

	QPSK
	1.5



 The Rx SNR performance was also investigated with 4PRB and 8 PRB allocations with the following setups. The small PRB allocations were analyzed since at cell edge, with limited Tx power, using small PRB allocations to maintain the link SNR is possible.

Simulation setup:
· pi/2-BPSK with code rate 1/3 vs. QPSK with code rate 1/6 (LDPC code)
· 1Tx and 1 Rx
· AWGN channel
· 2 PRB bundling

The following figures show simulation results
[image: ][image: ]
Figure 1 BLER curves of pi/2 BPSK w/wo spectrum shaping compared with QPSK
The SNR loss of pulse shaped pi/2 BPSK comparing with QPSK at 10% BLER is summarized in the table below
Table 2 SNR loss of pi/2 BPSK w/wo spectrum shaping comparing with QPSK
	
	SNR loss  @ 10% BLER (dB)

	DFT-S-OFDM
	4PRB
	8PRB

	QPSK
	0
	0

	Pi/2 BPSK with no shaping
	0.5
	0.5

	Pi/2 BPSK with  [0.05,1, 0.05]
	0.55
	0.6

	Pi/2 BPSK with  [0.1, 1, 0.1]
	0.7
	0.9

	Pi/2 BPSK with  [0.2, 1, 0.2]
	1.2
	2.0


We also summary the MPR gains, link losses and overall net gains (MPR gain – Link loss gain) in table 3. 
Table 3 Net gain of pi/2 BPSK w/wo spectrum shaping comparing with QPSK
	DFT-S-OFDM modulation
	Shaping roll-off (dB)
	MPR gain (dB)
	Link loss (dB)
	Max net gain (dB) 

	 
	 
	50/100/200MHz
	4 RB
	8 RB
	4 RB
	8 RB

	QPSK
	0
	0
	0
	0
	0
	0

	Pi/2 BPSK with no shaping
	0
	0
	0.5
	0.5
	-0.5
	-0.5

	Pi/2 BPSK with  [0.05 1 0.05]
	1.7
	0
	0.55
	0.6
	-0.55
	-0.6

	Pi/2 BPSK with  [0.1 1 0.1]
	3.5
	0.5
	0.7
	0.9
	-0.2
	-0.4

	Pi/2 BPSK with  [0.2 1 0.2]
	7.35
	1
	1.2
	2
	-0.2
	-1




The net gain of pulse-shaping BPSK is strictly negative even for BPSK without shaping. This is because when QPSK is used with 1/6 coding rate in comparison, the mother LDPC Parity Check Matrix (PCM) shows better coding gain than PCM with 1/3 coding rate. We have following observation.

Observation:  Pi/2 BPSK has no benefit to enhance the cell coverage in FR2. 

Since pi/2 BPSK is mandatary in FR2, we propose the MPR values for pi/2 BPSK are the same with MPR values for QPSK regardless of being with or without pulse-shaping. This also aligns with the agreed MPR values for PC3 in [2] where showed pi/2 BPSK has the same MPR as QPSK and also follows the agreement that “RAN4 will define the same minimum requirements for pulse-shaped pi/2 BPSK and non pulse-shaped pi/2 BPSK for FR2.” in approved RAN4 feature list [1].

[bookmark: _GoBack]Proposal 1:  pi/2 BPSK MPR [2] applies to both spectrum-shaped and non spectrum-shaped pi/2 BPSK.

Proposal 2: the MPR values for pi/2 BPSK shall be the same with MPR values for DFT-S-OFDM QPSK.
Conclusion
In this contribution, we provide our MPR simulation results for pi/2 BPSK with and without spectrum shaping and also Rx SNR @ 10% BLER for small RB allocations which are typically used by pi/2 BPSK at the cell edge. The overall performance gain (MPR gain – Rx SNR loss) is negative comparing with QPSK modulation.  Based on our results, we have the following proposal.

Proposal 1:  pi/2 BPSK MPR [2] applies to both spectrum-shaped and non spectrum-shaped pi/2 BPSK.

Proposal 2: the MPR values for pi/2 BPSK shall be the same with MPR values for DFT-S-OFDM QPSK.
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