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1 Introduction

In last NB-IoT AH meeting, way forward for NB-IoT UE transmitter characteristics is discussed [1], which is including the open issue,
· EVM 
· Measurement method is FFS.
· Study if single tone pi/2 BPSK requirement is needed 
· Single tone pi/4 QPSK requirement 
· Incase RAN1 agrees more modulation schemes those will be studied as well
Meanwhile, RAN1 has the agreement [2] on NB-PUSCH as follows,
RAN1 NB-IoT adhoc agreements:
· When single-tone is allocated, Pi/4-QPSK and Pi/2-BPSK are supported

· FFS: How rotation is realized

· FFS: Phase rotation for RS(s)

· When multi-tone is allocated, QPSK is supported

· FFS: TPSK, 8-BPSK

In this contribution, we intend to discuss the transmitter EVM requirement for the new introduced modulation Pi/4 QPSK and Pi/2 BPSK of single-tone transmission.
2 Discussion
In current LTE UE specification TS36.101 [3], EVM minimum requirement is defined as,
Table 6.5.2.1.3-1: 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


It can be read that the EVM requirement for BPSK modulation is already specified.

The evaluation of UE EVM requirement for legacy LTE has been discussed in [3][4]. The evaluation methodology can be summarized as,
· The TX EVM is modeled at transmitter side.

· Different levels of EVM are applied to achieve different throughput.

· The requirement of EVM is selected that it causes throughput loss less than a criteria.

In brief, the EVM requirement is based on throughput loss refers to demodulation performance.

For the introduced modulation of Pi/4-QPSK and Pi/2-BPSK, both are based on the normal QPSK and BPSK modulation in principle. The only difference is applying a phase rotation with Pi/4 degree for QPSK and Pi/2 degree for BPSK between the consecutive modulated symbols, which is illustrated in Figure 1,
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Figure 1 Illustration of Pi/4-QPSK and Pi/2 BPSK
Where,

b(n) is the coded bit stream enter into the QPSK(BPSK) modulation constellation mapping block.
d(n) is the normal modulated QPSK(BPSK) symbol.

d’(n) is the phase-rotated modulated symbol which can be regard as the Pi/4-QPSK (Pi/2-BPSK) signal
n is the n-th symbol of the modulated symbol stream.
Pi/4 QPSK and Pi/2 BPSK functionality are given by equations in Table 1
Table 1 Pi/4-QPSK and Pi/2 BPSK phase rotation
	Modulation for data
	Phase rotation for n-th symbol

	π/2-BPSK
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	π/4-QPSK
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Although there is still FFS in detail but the basic principle of phase rotation for the two modulations in above will not change. Before the base station begins to demodulate the received signal and get the final throughput/BLER, one necessary procedure in the receiver chain is to recover the phase-rotated symbol by the reverse method, given in Table 2.
Table 2 Pi/4-QPSK and Pi/2 BPSK phase de-rotation
	Modulation for data
	Phase rotation for n-th symbol

	π/2-BPSK
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	π/4-QPSK
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After the de-rotation operation, the input symbol of the receiver demodulation block 
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 could be regard as the normal QPSK or BPSK signal, which demodulation could require same EVM requirement compared to legacy LTE.
Proposed 1: For the Pi/4-QPSK and Pi/2-BPSK modulation of single-tone transmission, 17.5% is reused as the average EVM requirement.
3 Conclusions
In this contribution we presented a couple of proposals for NB-IoT base station reference sensitivity level as follows,
Proposed 1: For the Pi/4-QPSK or Pi/2-BPSK modulation of single-tone, 17.5% is reused as the average EVM requirement.
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