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1	Introduction
This contribution presents simulation results for MPR required by 16-QAM modulation in NB‑IoT. Included are power classes 3 and 5. We also propose a change in the in-band emission mask due to the introduction of 16-QAM.
2	Discussion
So far, NB-IoT has included only the pi/2-BPSK and QPSK modulations. Now, 16-QAM is to be added and needs MPR values.
With 16-QAM, the error vector magnitude (EVM) and in-band emissions (IBE) become relevant and must therefore be evaluated in the simulation. This differs from E-UTRA and NR where the PA is not driven as deep into saturation and hence their MPR for 16-QAM is not affected by the EVM and IBE.
In both E-UTRA and NR, the IBE mask depends on the EVM limit. However, in the IBE mask of NB-IoT (TS 36.101, Table 6.5.2F.3-1), the corresponding term has been made constant, based on the assumption that pi/2-BPSK and QPSK are the only modulations used in NB-IoT. With the introduction of 16-QAM, the modulation dependence of IBE mask should be applied also to NB-IoT, as shown in the CR text in Appendix A. The simulation results presented below are based on this modified IBE mask.
Proposal: Make the NB-IoT IBE mask dependent on EVM limit the same way as in E-UTRA and NR.
2.1	Simulation assumptions
· PA model based on a measured CMOS PA, calibrated so that 0 dB back-off barely suffices for single-tone QPSK allocations.
· I/Q image: -25 dBc
· Carrier leakage: -25 dBc
· CIM3: -60 dBc
· ACLR, SEM, and spurious emissions according to TS 36.101
· EVM according to TS 36.101
· IBE according to Appendix A
2.2	Simulation results
[bookmark: _Hlk21099258]Tables 1 and 2 present the simulation results for power class 3 and 5, respectively. All resource allocations are gated either by EVM or IBE.
Table 1: Simulated MPR for power class 3
	Tone
spacing
	Modulation
	Allocated
tones
	Gating
factor
	Simulated
MPR [dB]

	15 kHz
	16-QAM
	0-2
	IBE
	2.1

	
	
	3-5
	IBE
	2.0

	
	
	6-8
	IBE
	2.0

	
	
	9-11
	IBE
	2.1

	
	
	0-5
	EVM
	1.6

	
	
	6-11
	EVM
	1.6

	
	
	0-11
	EVM
	1.9



Table 2: Simulated MPR for power class 5
	Tone
spacing
	Modulation
	Allocated
tones
	Gating
factor
	Simulated
MPR [dB]

	15 kHz
	16-QAM
	0-2
	IBE
	2.6

	
	
	3-5
	IBE
	2.5

	
	
	6-8
	IBE
	2.5

	
	
	9-11
	IBE
	2.6

	
	
	0-5
	EVM
	2.1

	
	
	6-11
	EVM
	2.1

	
	
	0-11
	EVM
	2.4



In a lower power class with low-order modulation, the PA can be driven deeper into saturation without violating the SEM. This affects the MPR = 0 dB reference point. This affects the IBE and EVM of 16-QAM, hence PC5 requires slightly higher MPR than PC3.
4	Conclusions
We presented MPR simulation results for 16-QAM in NB-IoT, for PC3 and PC5. For small allocations, the simulated MPR values are gated by the IBE. For wide allocations, the simulated MPR values are gated by the EVM. A modified IBE mask was used, based on modulation-specific EVM limits.
Proposal: Make the NB-IoT IBE mask dependent on EVM limit the same way as in E-UTRA and NR.
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Appendix A: CR text for in-band emission requirement

6.5.2F.3	In-band emissions
The in-band emission is defined as a function of the tone offset from the edge of the allocated UL transmission tone(s) within the transmission bandwidth configuration. The in-band emission is measured as the ratio of the UE output power in a non–allocated tone to the UE output power in an allocated tone. The basic in-band emissions measurement interval is defined over one slot in the time domain.
The category NB1 and NB2 UE relative in-band emission shall not exceed the values specified in Table 6.5.2F.3-1.
Table 6.5.2F.3-1: Minimum requirements for in-band emissions
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	
	Any non-allocated (NOTE 2)

	IQ Image
	dB
	-25
	Image frequencies (NOTES 2, 3)

	Carrier leakage
	dBc
	-25
	0 dBm ≤ Output power
	Carrier frequency (NOTES 4, 5)

	
	
	-20
	-30 dBm ≤ Output power ≤ 0 dBm
	

	
	
	-10
	-40 dBm  Output power < -30 dBm
	

	NOTE 1:	An in-band emissions combined limit is evaluated in each non-allocated tone. For each such tone, the minimum requirement is calculated as the higher of Ptone - 30 dB and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. Ptone is defined in NOTE 9.
NOTE 2:	The measurement bandwidth is 1 tone and the limit is expressed as a ratio of measured power in one non-allocated tone to the measured average power per allocated tone, where the averaging is done across all allocated tones.
NOTE 3:	The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the centre carrier frequency, but excluding any allocated tones.
NOTE 4:	The measurement bandwidth is 1 tone and the limit is expressed as a ratio of measured power in one non-allocated tone to the measured total power in all allocated tones.


NOTE 5:	The applicable frequencies for this limit are those that are enclosed in the tones containing the DC frequency if  is odd, or in the two tones immediately adjacent to the DC frequency if  is even, but excluding any allocated tone.

NOTE 6:	 is the Transmission Bandwidth (tones).

NOTE 7:	 is the Transmission Bandwidth Configuration (tones).



NOTE 8:	 is the starting frequency offset between the allocated tone and the measured non-allocated tone. (e.g.  or  for the first adjacent tone outside of the allocated bandwidth.

NOTE 9:	 is the transmitted power per 3.75 kHz or 15 kHz in allocated tones, measured in dBm.
NOTE 10:	  is the limit specified in Table 6.5.2.1.1-1 for the modulation format used in the allocated tones.



6.5.2G	Transmit modulation quality for V2X Communication
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