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1
Introduction
In this contribution we presents results pf MPR study against four different SEM with three sifferent PA models.

2
Discussion

2.1 SEM variants
In NB-IoT Ad-Hoc there was a proposal to define absolute SEM for NB-IoT which is based on 33 dBm GSM mask [1]. 

	Table 1 SEM proposal from [1]
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


Also in NB-IoT Ad-Hoc one possible NB-IoT SEM called “GSM”-like mask, normal GMSK mask and relaxed GSM mask for higher oreser modulations was discussed [2]. All four mask are presented in Figure 1 below.
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Figure 1: Possible NB-IoT SEMs

2.2 PA models

Simulation were done with three PA models i.e. hard saturating PA, CMOS PA and LTE PA. The saturation level is set to 25 dBm so that the maximum transmitted power is 23 dBm with 2 dB front-end loss.
The AM-AM characteristic of the hard-saturating PA model is linear until it abruptly fully saturates, see Figure 2.
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Figure 2: AM-AM charasteristics of hard saturating PA

The CMOS PA is a simulation model of a PA design that is targeted for LTE UE applications, with CW saturation output power of about 33 dBm. The model has been scaled down to NB-IoT output power level
LTE PA model is a measure model from very early LTE PA.

2.3
MPR results

MPR results are presented in Table 2. 
· To meet GMSK mask MPR is required even for signle tone transmissions (15 kHz tone spacing)
· To meet 8-PSK mask CMOS PA required MPR for single tone pi/2-BPSK (15 kHz tone spacing)

· To meet “Nokia GSM-like mask” [2] or Huawei proposed 33 dBm GSM mask [1] MPR was required only for wider multitoned transmissons with hard saturating PA and CMOS PA models.

Table 2: MPR results

	pi/2-BPSK

	 
	 
	GSM mask (GMSK)
	GSM mask (8-PSK)
	Nokia GSM-like mask
	Huawei mask

	Tone
spacing
[kHz]
	#
tones
	Hard sat.
PA
	LTE
PA
	CMOS
PA
	Hard sat.
PA
	LTE
PA
	CMOS
PA
	Hard sat.
PA
	LTE
PA
	CMOS
PA
	Hard sat.
PA
	LTE
PA
	CMOS
PA

	3.75
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	15
	1
	0
	2.2
	4.5
	0
	0
	1.4
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	pi/4-QPSK

	 
	 
	GSM mask (GMSK)
	GSM mask (8-PSK)
	Nokia GSM-like mask
	Huawei mask

	Tone
spacing
[kHz]
	#
tones
	Hard sat.
PA
	LTE
PA
	CMOS
PA
	Hard sat.
PA
	LTE
PA
	CMOS
PA
	Hard sat.
PA
	LTE
PA
	CMOS
PA
	Hard sat.
PA
	LTE
PA
	CMOS
PA

	3.75
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	15
	1
	0
	0.9
	1.9
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	QPSK

	 
	 
	GSM mask (GMSK)
	GSM mask (8-PSK)
	Nokia GSM-like mask
	Huawei mask

	Tone
spacing
[kHz]
	#
tones
	Hard sat.
PA
	LTE
PA
	CMOS
PA
	Hard sat.
PA
	LTE
PA
	CMOS
PA
	Hard sat.
PA
	LTE
PA
	CMOS
PA
	Hard sat.
PA
	LTE
PA
	CMOS
PA

	15
	3
	0.6
	0.1
	1.8
	0
	0
	0
	0
	0
	0
	0
	0
	0

	15
	6
	2.9
	1.2
	2.9
	1.1
	0
	0
	0.4
	0
	0
	0
	0
	0

	15
	12
	4.6
	4.7
	7.7
	3.2
	2.9
	5.3
	3.0
	0
	2.2
	1.3
	0
	1.7


Spectrum plots can be found from annex-A
3 
Summary

In this contribution we have presented MPR results against four ppossible SEM for NB-IoT. It was shown that using GSM (GMSK) mask MPR would be necessary even for single tone transmissions. It was also shown that using relaxed GSM (8-PSK) mask would be necessary for pi/2 BPSKsingle tone transmission with CMOS PA model which is most relevant for NB-IOT from the PA models used in this study. In our opinion these masks are not suitable for NB-IOT due to the fact that those mask are tightly coupled for GSM modulation schemes which are not used for NB-IOT and this leads to excessive need for MPR.

4 References

[1] R4-77AH-IoT-0019, On UE emission requirement for NB-IoT, Huawei
[2] R4-77AH-IoT-0059, NB-IOT UE RF aspects, Nokia Networks
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8
Study of UE requirements

8.1
Transmitter characteristics
8.1.X
MPR study

8.1.X.1 SEM variants

In NB-IoT Ad-Hoc there was a proposal to define absolute SEM for NB-IoT which is based on 33 dBm GSM mask, see Table 8.1.X.1-1. 
	Table 8.1.X.1-1: Absolute 33 dBm GSM SEM proposal 
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


Also in NB-IoT Ad-Hoc one possible NB-IoT SEM called “GSM”-like mask, normal GMSK mask and relaxed GSM mask for higher oreser modulations were discussed. All four mask are presented in Figure 8.1.X.1-1 below.
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Figure 8.1.X.1-1: Possible NB-IoT SEMs

8.1.X.2 PA models

Simulation were done with three PA models i.e. hard saturating PA, CMOS PA and LTE PA. The saturation level is set to 25 dBm so that the maximum transmitted power is 23 dBm with 2 dB front-end loss.
The AM-AM characteristic of the hard-saturating PA model is linear until it abruptly fully saturates, see Figure 8.1.X.2-1.
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Figure 8.1.X.2-1: AM-AM charasteristics of hard saturating PA

The CMOS PA is a simulation model of a PA design that is targeted for LTE UE applications, with CW saturation output power of about 33 dBm. The model has been scaled down to NB-IoT output power level
LTE PA model is a measure model from very early LTE PA.

8.1.X.3
MPR results

MPR results are presented in Table 8.1.X.3-1. 

· To meet GMSK mask MPR is required even for signle tone transmissions (15 kHz tone spacing)

· To meet 8-PSK mask CMOS PA required MPR for single tone pi/2-BPSK (15 kHz tone spacing)

· To meet “GSM-like mask” or proposed 33 dBm GSM mask converted to absolute mask MPR was required only for wider multitoned transmissons with hard saturating PA and CMOS PA models.

Table 8.1.X.3-1: MPR results

	pi/2-BPSK

	 
	 
	GSM mask (GMSK)
	GSM mask (8-PSK)
	GSM-like mask
	Absolute 33 dBm GSM mask

	Tone
spacing
[kHz]
	#
tones
	Hard sat.
PA
	LTE
PA
	CMOS
PA
	Hard sat.
PA
	LTE
PA
	CMOS
PA
	Hard sat.
PA
	LTE
PA
	CMOS
PA
	Hard sat.
PA
	LTE
PA
	CMOS
PA

	3.75
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	15
	1
	0
	2.2
	4.5
	0
	0
	1.4
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	pi/4-QPSK

	 
	 
	GSM mask (GMSK)
	GSM mask (8-PSK)
	GSM-like mask
	Absolute 33 dBm GSM mask

	Tone
spacing
[kHz]
	#
tones
	Hard sat.
PA
	LTE
PA
	CMOS
PA
	Hard sat.
PA
	LTE
PA
	CMOS
PA
	Hard sat.
PA
	LTE
PA
	CMOS
PA
	Hard sat.
PA
	LTE
PA
	CMOS
PA

	3.75
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	15
	1
	0
	0.9
	1.9
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	QPSK

	 
	 
	GSM mask (GMSK)
	GSM mask (8-PSK)
	GSM-like mask
	Absolute 33 dBm GSM mask

	Tone
spacing
[kHz]
	#
tones
	Hard sat.
PA
	LTE
PA
	CMOS
PA
	Hard sat.
PA
	LTE
PA
	CMOS
PA
	Hard sat.
PA
	LTE
PA
	CMOS
PA
	Hard sat.
PA
	LTE
PA
	CMOS
PA

	15
	3
	0.6
	0.1
	1.8
	0
	0
	0
	0
	0
	0
	0
	0
	0

	15
	6
	2.9
	1.2
	2.9
	1.1
	0
	0
	0.4
	0
	0
	0
	0
	0

	15
	12
	4.6
	4.7
	7.7
	3.2
	2.9
	5.3
	3.0
	0
	2.2
	1.3
	0
	1.7


************************* End of TP to TR ****************************************************

Annex-A
Annex-A.1 SEM proposed in [1], Huawei
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Annex-A.2 CMOS PA MPR against “GSM-like” SEM proposed in [2], Nokia Networks
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