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1
Introduction
In NB-IoT Ad-Hoc NB-Iot EVM for multitoned unrotated QPSK signal was agreed to be 17.5 % which same as E-UTRA [1]. In this contribution we continue discussion on EVM requirement for single tone pi/2 BPSK and pi/4 QPSK.
2
Discussion

2.1 pi/4 QPSK EVM

EVM for single tone rotated pi/4 QPSK and multi tone unrotated QPSK should be the same because noise margin in both constellations is the same, see Figure below.
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Proposal 1: single tone rotated pi/4 QPSK EVM requirement is 17.5 %
2.2 rotated pi/2 BPSK EVM
In theory EVM requirement for rotated pi/2 BPSK could be 3 dB higher compared to pi/4 QPSK if all relevant transmitter assumptios are same. See Figure 1 where BPSK and QPSK nose margins are compared.
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QPSK vs. BPSK EVM difference = 20* LOG(SQR(½) / 1) = -3 dB

EVM(BPSK) = sqrt(2) * 17.5% = 24.75%. 
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Figure 1: QPSK vs. BPSK EVM difference

However RAN4 has already defined EVM for BPSK, see Table 6.5.2.1.1-1 in TS 36.101 which can be reused for NB-IOT.
Table 6.5.2.1.1-1: Minimum requirements for Error Vector Magnitude
	Parameter
	Unit
	Average EVM Level
	Reference Signal EVM Level

	QPSK or BPSK
	%
	17.5
	17.5

	16QAM 
	%
	12.5
	12.5

	64QAM 
	%
	8
	8


Proposal 2: single tone rotated pi/2 BPSK EVM requirement is 17.5 %.
3 
Summary

In this contribution we have made following proposals

Proposal 1: single tone rotated pi/4 QPSK EVM requirement is 17.5 %

Proposal 2: single tone rotated pi/2 BPSK EVM requirement is 17.5 %.
And have associated TP for the TR.

4 References

[1] R4-77AH-IoT-0150, WF for NB-IOT transmitter characteristics

************************* Start of the TP *********************************************
8
Study of UE requirements

8.1
Transmitter characteristics
<Text will be added>
8.1.X 
EVM
8.1.X.1
Single tone rotated pi/4 QPSK EVM
EVM for single tone rotated pi/4 QPSK and multi tone unrotated QPSK should be the same because noise margin in both constellations is the same, see Figure below.
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8.1.X.2
Single tone rotated pi/2 BPSK EVM

In theory EVM requirement for rotated pi/2 BPSK could be 3 dB higher compared to pi/4 QPSK if all relevant transmitter assumptios are same. See Figure 1 where BPSK and QPSK nose margins are compared.
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QPSK vs. BPSK EVM difference = 20* LOG(SQR(½) / 1) = -3 dB

EVM(BPSK) = sqrt(2) * 17.5% = 24.75%. 
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Figure 1: QPSK vs. BPSK EVM difference

However RAN4 has already defined EVM for BPSK, see Table 6.5.2.1.1-1 in TS 36.101 which can be reused for NB-IOT.
Table 6.5.2.1.1-1: Minimum requirements for Error Vector Magnitude
	Parameter
	Unit
	Average EVM Level
	Reference Signal EVM Level

	QPSK or BPSK
	%
	17.5
	17.5

	16QAM 
	%
	12.5
	12.5

	64QAM 
	%
	8
	8


Single tone rotated pi/2 BPSK EVM requirement is 17.5 %.
************************* End of the TP *********************************************
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QPSK vs. BPSK EVM difference = 20* LOG(SQR(½) / 1) = - 3 dB
EVM(BPSK) = sqrt(2) * 17.5% = 24.75%. 
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QPSK vs. BPSK EVM difference = 20* LOG(SQR(½) / 1) = - 3 dB
EVM(BPSK) = sqrt(2) * 17.5% = 24.75%. 
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