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1	Introduction
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.
In RAN4#99-e, two modifications to the in-band emission (IBE) mask of NB-IoT for 16-QAM were proposed [2][4]. In this contribution, together with an associated CR [5], we propose a further improvement based on [4] to keep the requirements unchanged for legacy NB-IoT modulations. After discussing these IBE mask modifications, we present MPR simulation results based on these masks.
2	Discussion
With 16-QAM, the error vector magnitude (EVM) and in-band emissions (IBE) become relevant and should therefore be evaluated in the simulations. 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.
Currently, the General formula of the NB-IoT IBE mask in TS 36.101, Table 6.5.2F.3-1, is specified as
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	

	Any non-allocated (NOTE 2)



The higher the modulation order, the higher an SINR (i.e., higher received power) is needed in the receiver for successful reception. However, this should not result in higher absolute in-band emission. In E-UTRA and NR, such a modulation-dependent IBE mask is achieved conveniently by using the EVM limit in the second General formula (Table 6.5.2.3.1-1 of TS 36.101):

This formula creates the slope part of the IBE mask, allowing the spectral regrowth to fit under the mask. In NB-IoT, originally, pi/2-BPSK and QPSK were the only modulations. They have a common EVM limit of 17.5 % which was hard-written into the second General formula of the IBE mask (with a small rounding error), in Table 6.5.2F.3-1:
,
whereas .
With the introduction of 16-QAM, the modulation dependence of IBE mask should be applied also to NB-IoT. In [2][3], we proposed a modified IBE mask with the second General formula written as

Importantly, this does not change the IBE mask for legacy pi/2-BPSK and QPSK (except for a small rounding error).
Proposal 1: Numerically, the NB-IoT IBE mask for pi/2-BPSK and QPSK should not change significantly.
Proposal 2: Define the second General formula of NB-IoT IBE mask as

Contribution [4] also proposed modifying the first General formula of the IBE mask which defines the floor of the mask. The current formula is

whereas [4] proposed for 16-QAM

Also, this change is related to the different target RX SNRs of modulations.
Again, the change should not affect the legacy modulations, pi/2-BPSK and QPSK. Conveniently,  approximately equals  for pi/2-BPSK and QPSK and  for 16-QAM. Hence, we can obtain the stricter floor for 16-QAM without affecting pi/2-BPSK and QPSK by defining the first General formula as

Proposal 3: Define the first General formula of NB-IoT IBE mask as

Our CR [5] requests the changes of both Proposal 1 and Proposal 2.
Finally, we repeat our EVM limit proposal.
Proposal 4: For NB-IoT UL with 16-QAM modulation, use the EVM limit of 12.5 %.
This EVM limit requires no change request since this value is already given in TS 36.101, Table 6.5.2.1.1-1.

2.1	Simulation assumptions
· PA model based on a measured CMOS PA, calibrated so that specified MPR barely suffices for all valid allocations with pi/2-BPSK and QPSK.
· I/Q image: -25 dBc
· Carrier leakage: -25 dBc
· CIM3: -60 dBc
· ACLR, SEM, and spurious emissions according to TS 36.101
· EVM limit for 16-QAM: 12.5 % 
· Two alternative tentative IBE masks:
· Case A; First General formula according to current specification,
second General formula according to Proposal 1
· Case B: First General formula according to Proposal 2,
second General formula according to Proposal 1
· Occupied bandwidth (OBW) according to TS 36.101
2.2	Simulation results
[bookmark: _Hlk21099258]Tables 13 present the simulation results for power class 3, 5, and 6, respectively. 
All resource allocations are gated either by EVM, IBE, or OBW. However, when Proposal 3 (stricter first General IBE formula) is applied, IBE supersedes EVM as gating factor.

Table 1: Simulated MPR for 16-QAM in Power Class 3
	Tone
spacing
	Modulation
	Allocated
tones
	A: Specified 1st General IBE formula
	B: Proposed 1st General IBE formula

	
	
	
	Gating
	MPR [dB]
	Gating
	MPR [dB]

	15 kHz
	16-QAM
	3@0
	IBE
	1.5
	IBE
	1.5

	
	
	3@3
	IBE
	1.5
	IBE
	1.5

	
	
	3@6
	IBE
	1.5
	IBE
	1.5

	
	
	3@9
	IBE
	1.5
	IBE
	1.5

	
	
	6@0
	EVM
	1.1
	IBE
	1.3

	
	
	6@6
	EVM
	1.1
	IBE
	1.3

	
	
	12@0
	OBW
	2.6
	OBW
	2.6



Table 2: Simulated MPR for 16-QAM in Power Class 5
	Tone
spacing
	Modulation
	Allocated
tones
	A: Specified 1st General IBE formula
	B: Proposed 1st General IBE formula

	
	
	
	Gating
	MPR [dB]
	Gating
	MPR [dB]

	15 kHz
	16-QAM
	3@0
	IBE
	1.4
	IBE
	1.4

	
	
	3@3
	IBE
	1.4
	IBE
	1.4

	
	
	3@6
	IBE
	1.4
	IBE
	1.4

	
	
	3@9
	IBE
	1.4
	IBE
	1.4

	
	
	6@0
	EVM
	1.0
	IBE
	1.3

	
	
	6@6
	EVM
	1.0
	IBE
	1.3

	
	
	12@0
	OBW
	2.5
	OBW
	2.5



Table 3: Simulated MPR for 16-QAM in Power Class 6
	Tone
spacing
	Modulation
	Allocated
tones
	A: Specified 1st General IBE formula
	B: Proposed 1st General IBE formula

	
	
	
	Gating
	MPR [dB]
	Gating
	MPR [dB]

	15 kHz
	16-QAM
	3@0
	IBE
	1.3
	IBE
	1.3

	
	
	3@3
	IBE
	1.3
	IBE
	1.2

	
	
	3@6
	IBE
	1.3
	IBE
	1.2

	
	
	3@9
	IBE
	1.3
	IBE
	1.3

	
	
	6@0
	EVM
	0.8
	IBE
	1.1

	
	
	6@6
	EVM
	0.8
	IBE
	1.1

	
	
	12@0
	OBW
	2.2
	OBW
	2.3



The obtained MPR values are mostly lower that in our previous contribution [3] because of a change in the calibration reference for the PA model which resulted in improved linearity.
The MPR results for PC3, PC5, and PC6 are similar because they are in all cases determined by relative requirements (EVM, IBE, OBW) rather than the absolute SEM requirement. 
4	Conclusions
We presented two modifications for NB-IoT IBE mask, requested in CR [5].
Proposal 1: Numerically, the NB-IoT IBE mask for pi/2-BPSK and QPSK should not change significantly.
Proposal 2: Define the second General formula of NB-IoT IBE mask as

Proposal 3: Define the first General formula of NB-IoT IBE mask as

Also, we repeated the EVM limit proposal:
Proposal 4: For NB-IoT UL with 16-QAM modulation, use the EVM limit of 12.5 %.
Furthermore, we provided MPR simulation results for 16-QAM in NB-IoT, for PC3, PC5, and PC6. For small allocations, the simulated MPR values are gated by the IBE. For wide allocations, the simulated MPR values are gated by the EVM or OBW. Two modified IBE masks [2][5] were used, based on the modulation-specific EVM limit. The differences from our previous simulation results are mostly due to a change in the PA model calibration criteria which resulted in a more linear PA model.
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