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1
Introduction
In previous RAN4 meeting NB-IoT simulation assumptions for SEM study were agreed [1]. In this contribution we present our results.
2
Discussion
2.1 Background
The evaluation of emission mask options uses MPR as a tool.  Tables of potential MPR values across the simulation options and SEM options provide the data set which drives the decision on the SEM definition.
Table 1 below lists the SEM options that which were used in the evaluation.
Table 1: SEM options
	
	Description
	ACLR
	SEM type
	Reference

	Option 1
	NB-IOT SEM (LTE like)
	YES
	absolute
	[2]

	Option 2
	NB-IOT SEM (GSM like)
	YES
	absolute
	[3]


	Table 2 NB-IOT SEM (LTE like) [2]
ΔfOOB (kHz)
	Emission limit (dBm)
	Measurement bandwidth

	( 0 - 50
	17
	30 kHz 

	( 50 - 150
	2
	30 kHz

	( 150 - 500
	-16
	30 kHz

	( 500- 1700
	-38
	30 kHz


Table 3 NB-IOT SEM (GSM like) [3]
	ΔfOOB (kHz)
	Emission limit (dBm)
	Measurement bandwidth

	( 0
	26
	30 kHz 

	( 100
	-5
	30 kHz

	( 150
	-8
	30 kHz

	( 300
	-29
	30 kHz

	( (500-1700)
	-35
	30 kHz

	( (1700-5900)
	-40
	100 kHz

	(  5900
	-46
	100 kHz


The evaluation of the spurious emission domain uses the MPR tool to quantify the choice of the spurious boundary in terms of MPR as well.  One option is to consider the 250% rule from ITU [13]:
For the purpose of this Recommendation all emissions, including intermodulation products, conversion products and parasitic emissions, which fall at frequencies separated from the centre frequency of the emission by 250% or more of the necessary bandwidth of the emission will generally be considered spurious emissions. For multi-channel or multi-carrier transmitters/transponders, where several carriers may be transmitted simultaneously from a final output amplifier or an active antenna, the centre frequency of the emission is taken to be the centre of the –3dB bandwidth of the transmitter or transponder.
Table 4 below lists the spurious evaluation parameters.

Table 4: Spurious evaluation parameters

	Frequency
	Spurious requirement

	< 1 GHz
	-36 dBm/100 kHz

	> 1 GHz
	-30 dBm/1 MHz


The evaluation of the spurious emission domain reports if additional MPR is needed to meet the spurious requirements.
Table 5 below lists the UE transmission simulation assumptions that are used in the evaluation.  Companies are encouraged to provide simulation results for a CMOS integrated PA.
Table 5: UE transmission simulation assumptions

	Parameter
set
	Num
tones
	SC
spacing
	Modulation
	Total power

	1
	12
	15 kHz
	QPSK
	23 dBm

	2
	6
	15 kHz
	QPSK
	23 dBm

	3
	3
	15 kHz
	QPSK
	23 dBm

	4
	1
	15 kHz
	pi/4-QPSK
	23 dBm

	5
	1
	15 kHz
	pi/2-BPSK
	23 dBm

	6
	1
	3.75 kHz
	pi/4-QPSK
	23 dBm

	7
	1
	3.75 kHz
	pi/2-BPSK
	23 dBm


The figure of merit of these evaluations is the MPR necessary to conform to each mask option; if further MPR is necessary to meet the spurious requirements, these values are also reported.
2.2 Results

MPR results in Tables 6 and 7 were obtained by using 250% rule for determining where the spurious emission domain starts. As the NB-IoT channel bandwidth is 200 kHz the spurious emission domain starts 500 kHz away from NB-IoT channel center which corresponds to ΔfOOB = 400 kHz. 
Results indicate that only 12 tone transmission would require MPR. For frequencies below 1 GHz the amount of necessary MPR is roughly 3 dB for both SEMs as spurious emission requirement is actually the limiting factor. For frequencies above 1 GHz where spurious emission requirement is more relaxed the GSM-like SEM becomes limiting factor requiring roughly 2 dB MPR where as for the LTE-like SEM the spurious emission requirement is still the limiting factor with 1 dB of necessary MPR.
Table 6: MPR results for < 1 GHz, fOOB = 400 kHz
	< 1 GHz, fOOB = 400 kHz

	pi/2-BPSK
	 
	NB-IOT SEM (LTE like)
	NB-IOT SEM (GSM like)

	Tone
spacing
[kHz]
	#
tones
	Company A
	Company B
	Company C
	Company A
	Company B
	Company C

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	3.75
	1
	0
	 
	 
	0
	 
	 

	15
	1
	0
	 
	 
	0
	 
	 

	
	
	
	
	
	
	
	

	pi/4-QPSK
	 
	NB-IOT SEM (LTE like)
	NB-IOT SEM (GSM like)

	Tone
spacing
[kHz]
	#
tones
	Company A
	Company B
	Company C
	Company A
	Company B
	Company C

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	3.75
	1
	0
	 
	 
	0
	 
	 

	15
	1
	0
	 
	 
	0
	 
	 

	
	
	
	
	
	
	
	

	 QPSK
	 
	NB-IOT SEM (LTE like)
	NB-IOT SEM (GSM like)

	Tone
spacing
[kHz]
	#
tones
	Company A
	Company B
	Company C
	Company A
	Company B
	Company C

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	15
	3
	0
	 
	 
	0
	 
	 

	15
	6
	0
	 
	 
	0
	 
	 

	15
	12
	2.9
	 
	 
	3.1
	 
	 

	Limited by spurious limit
	
	
	
	Limited by SEM

	Table 7: MPR results for > 1 GHz, fOOB = 400 kHz


	> 1 GHz, fOOB = 400 kHz

	pi/2-BPSK
	 
	NB-IOT SEM (LTE like)
	NB-IOT SEM (GSM like)

	Tone
spacing
[kHz]
	#
tones
	Company A
	Company B
	Company C
	Company A
	Company B
	Company C

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	3.75
	1
	0
	 
	 
	0
	 
	 

	15
	1
	0
	 
	 
	0
	 
	 

	
	
	
	
	
	
	
	

	pi/4-QPSK
	 
	NB-IOT SEM (LTE like)
	NB-IOT SEM (GSM like)

	Tone
spacing
[kHz]
	#
tones
	Company A
	Company B
	Company C
	Company A
	Company B
	Company C

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	3.75
	1
	0
	 
	 
	0
	 
	 

	15
	1
	0
	 
	 
	0
	 
	 

	
	
	
	
	
	
	
	

	 QPSK
	 
	NB-IOT SEM (LTE like)
	NB-IOT SEM (GSM like)

	Tone
spacing
[kHz]
	#
tones
	Company A
	Company B
	Company C
	Company A
	Company B
	Company C

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	15
	3
	0
	 
	 
	0
	 
	 

	15
	6
	0
	 
	 
	0
	 
	 

	15
	12
	1.0
	 
	 
	1.9
	 
	 

	Limited by spurious limit
	
	
	
	Limited by SEM

	
	
	
	
	
	
	
	


Table 8 lists the spurious emission boundary frequencies when MPR is not anymore necessary due to spurious emission requirement. For LTE-like SEM fOOB = 520 kHz and fOOB = 460 kHz are enough to avoid MPR for frequencies below and above 1 GHz respectively. For GSM-like SEM fOOB = 430 kHz is enough not to cause additional MPR as the SEM itself requires 1.9 dB MPR. For frequencies above 1 GHz fOOB = 360 kHz is sufficient when the SEM itself requires 1.9 dB MPR.
Table 8: Results offOOB study
	Minimum fOOB in order to avoid more MPR due to spurious limit
	

	15 kHz, QPSK, 12 tones
	Minimum fOOB [kHz]
	MPR [dB]
	

	NB-IOT SEM (LTE like)  <1 GHz
	520
	0
	

	NB-IOT SEM (LTE like)  >1 GHz
	460
	0
	

	NB-IOT SEM (GSM like)  <1 GHz
	430
	1.9
	

	NB-IOT SEM (GSM like)  >1 GHz
	360
	1.9
	


3 
Summary
Based on the results presented in this paper we propose that
Proposal 1: Adopt GSM-like SEM as defined in Table 3 in this paper for NB-IoT.
Proposal 2: Define NB-IoT spurious emission domain boundary according to 250 % rule which is 500 kHz from NB-IoT channel center.
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