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1	Introduction
[bookmark: _GoBack]In RAN4#99-e, we proposed that both the max target SNR and the EVM should be included into the NB-IoT in-band emission requirements [1]. In this paper we further discuss the in-band emission requirements.
2	Discussion
In [1] it is proposed to change the general part of the the in-band emissions (IBE) requirements as shown in Table 1. The max SNR of 15 dB is replaced by 18 dB in the 1st term of the general part in order to accommodate both QPSK and 16QAM modulations. And EVM is re-introduced into the 2nd term.
Table 1: Comparison of in-band emissions requirements for the existing spec [2] and new proposal [1]
	Existing Spec [2]
	[image: ]

	New Proposal [1]
		Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	


	Any non-allocated (NOTE 2)






In RAN4#99-e, there was consensus on the change to the 2nd term, but FFS was requested for the change to the 1st term. Let us denote the two IBE requirements as follows:
· IBE Mask #1: only include the EVM to the 2nd term of the general requirement
· IBE Mask #2: Update the max SNR in the 1st term and include the EVM to the 2nd term of the general requirement
A more graphic comparison of the two IBE definitions is shown in Table 2, where the IBE masks for 3/6 tones are plotted.

Table 2: Illustration of In-band Emission Masks
	
	IBE Mask #1
	IBE Mask #2

	3-tone
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	6-tone
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	[image: ]



It can be seen that for IBE Mask #1 16QAM only differs from QPSK when the starting frequency offset ∆tone is small and there’s no difference for the 6-tone case. This is because the target SNR in the 1st term becomes the limiting factor. Comparing IBE Mask #2 with IBE Mask #1, the noise floor is lowered by around 2 dB as expected.
Therefore we believe IBE Mask #2 is a more suitable candidate in support of 16QAM in the uplink.
Proposal 1: Update the max SNR in the 1st term and include the EVM to the 2nd term of the general part of the in-band emission requirement.

On the other hand, adopting IBE Mask #2 would tighten the IBE requirements for QPSK, which might be challenging for the existing UE implementations. Hypothetically in the same network there would be old UEs complying with early specs and new UEs complying with the relatively tightened specs, which would not be a desired situation. During the discussions in RAN4#99-e [3], Nokia proposed to include the EVM into the 1st term as well. More explicitly, the general IBE requirement could be updated as follows.
Table 3: Updated IBE requirements for NB-IoT
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	


	Any non-allocated (NOTE 2)



Let the EVM limit for QPSK and 16QAM be 17.5% and 8%, respectively. Then the value of  is -15 and -18, correspondingly. In this way, the IBE requirements for QPSK would remain the same, but the requirements for 16QAM are tightened. From the BS receiver point of view, the IBE mask is the same as long as the same modulation is scheduled on all tones.
Proposal 2: As a trade-off, consider the IBE mask defined in Table 3 as the new IBE requirements for both QPSK and 16QAM.
3	Conclusion
The impact on the IBE requirements in support of 16QAM is analysed. Two update schemes are compared and a trade-off is proposed. More explicitly, the following proposals are presented.
Proposal 1: Update the max SNR in the 1st term and include the EVM to the 2nd term of the general part of the in-band emission requirement.
Proposal 2: As a trade-off, consider the IBE mask defined in Table 3 as the new IBE requirements for both QPSK and 16QAM.
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Table 6.5.2F.3-1: Minimum requirements for in-band emissions

Parameter _ ‘Applicable
description Unit Limit (NOTE 1) Frequencies
max{ —15 —10 102, (N e / Lege -
General @B =185 (Apne| =D/ Lewne - Awm}s 2 ed
— 57 dBm /(3.75kHz or 15kHz) - P, }
Ima Juencies
1QImage dB 25 (.331"2 2,3)
N -25 0 dBm < Output power
I‘::k’:;: dBe 20 30 dBm = Output power = 0 dBm c‘zngsema o
10 40 dBm < Output power < -30 dBm .

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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