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1	Introduction
In RAN4#98bis-e, three key RF requirements are identified in support of 16QAM for NB-IoT uplink, i.e. EVM, IBE and MPR [1]. In the following we further discuss how these requirements should be defined.
2	Discussion
As seen in 3GPP TS 36.101 [2], the in-band emissions (IBE) requirements consists of three components, namely: General, IQ image and Carrier leakage, which are applicable to different frequency locations within the channel bandwidth. Furthermore, the general requirement is determined by three factors: a limit related to target SNR, a frequency-dependent limit related to EVM and a limit related to Tx power, among which the highest is selected. A comparison of the in-band emissions requirements for NB-IoT and LTE is shown in Table 1.
Table 1: Comparison of in-band emissions requirements for NB-IoT and LTE
	NB-IoT
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	LTE
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[bookmark: _GoBack]It can be seen that the first two items in the general requirement for NB-IoT are different from those for LTE. Since the second item is EVM related, it has been proposed to align it with that for LTE [1]. In our view, the first item should also be adapted in support of 16QAM. As explained in [3], the value of “-25” in the first item in the general requirement for LTE is related to the target SNR at the receiver in support of 64QAM. At the time of deciding the in-band emissions requirements for NB-IoT, the highest order modulation was QPSK, hence the value was increased to -15. Now that 16QAM is to be added, we propose to modify this value to -18. However, whether this change is also applicable for QPSK needs further study owing to potential NBC issue.
Proposal 1: Define the general in-band emissions requirement for 16QAM as follows. Whether the new requirement is applicable for QPSK is FFS.
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	


	Any non-allocated (NOTE 2)



Following the MPR simulation assumptions in [1] and applying the above IBE mask together with 12.5% EVM limit, we obtained the following MPR results for 16QAM. 
Table 2: Simulated MPR for 16QAM (power class 3)
	Tone
spacing
	Number of tones
	Allocated
tones
	Gating
factor
	Simulated
MPR [dB]

	15 kHz
	3
	0-2
	IBE
	2

	
	
	3-5
	IBE
	2

	
	
	6-8
	IBE
	2

	
	
	9-11
	IBE
	2

	
	6
	0-5
	IBE
	2

	
	
	6-11
	IBE
	2

	
	12
	0-11
	OBW
	2.7 



Table 3: Simulated MPR for 16QAM (power class 5)
	Tone
spacing
	Number of tones
	Allocated
tones
	Gating
factor
	Simulated
MPR [dB]

	15 kHz
	3
	0-2
	IBE
	2.3

	
	
	3-5
	IBE
	2.3

	
	
	6-8
	IBE
	2.2

	
	
	9-11
	IBE
	2.2

	
	6
	0-5
	IBE
	2.2

	
	
	6-11
	IBE
	2.1

	
	12
	0-11
	OBW
	3.0 



It is found that IBE is the gating factor for 3 and 6 tone allocations, while OBW is the limiting factor for 12 tone allocation. Note that for NB-IoT, OBW imposes a stricter restriction than the GSM/UTRA ACLR. When the PA is operating near the saturation point, the spectral regrowth of the 12-tone signal could exceed the OBW limit.
Proposal 2: Consider the OBW limit as well as the new IBE mask in MPR simulations and re-align simulation results.
3	Conclusion
It has been shown that the existing in-band emission requirements need to be updated in order to accommodate the 16QAM modulation. And the MPR simulations also indicate higher MPR values for 16QAM. More explicitly, the following proposals are presented.
Proposal 1: Define the general in-band emissions requirement for 16QAM as follows. Whether the new requirement is applicable for QPSK is FFS.
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	


	Any non-allocated (NOTE 2)



Proposal 2: Consider the OBW limit as well as the new IBE mask in MPR simulations and re-align simulation results.
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Table 6.5.2F.3-1: Minimum requirements for in-band emissions

Parameter _ ‘Applicable
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NOTE 1-An in-band emissions combined Iimit is evaluated in each non-allocated fone. For each such fone, the
minimum requirement is calculated as the higher of Pane - 30 dB and the power sum of all limit values
(General, IQ Image or Carrier leakage) that apply. Pne is defined in NOTE 9.
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Table 6.5.

mum requirements for in-band emissions.
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