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1 Introduction
Overview of general RF issues and UE RF issues for NB-IoT is discussed in [1] and [2]. This contribution discuss UE emission requirement for NB-IoT.
2 Discussion
In this section, we discuss spurious emission mask which is defined outside channel bandwidth to protect UL reception in adjacent channels. GSM mask could be a starting point to define this kind of mask. 
First, we investigate GSM modulation spectrum for GSM MS in TS 45.005 [3] in Table 1.

	Table 1 Modulation spectrum for GSM MS in each GSM Band
　
	Freqency offset/Measurement BW

	GSM bands
	Power level 
	100kHz
	200kHz
	250kHz
	400kHz
	 600kHz 
< 1 200kHz
	 1 200kHz
< 1 800kHz
	 1 800kHz
< 6 000kHz
	 6 000kHz

	
	
	30kHz
	30kHz
	30kHz
	30kHz
	30kHz
	30kHz
	100kHz
	100kHz

	GSM 400 and GSM 900 and ER-GSM 900 and GSM 850 and GSM 700 MS
	 39
	+0,5
	‑30
	‑33
	‑60
	‑66
	‑69
	‑71
	‑77

	
	37
	+0,5
	‑30
	‑33
	‑60
	‑64
	‑67
	‑69
	‑75

	
	35
	+0,5
	‑30
	‑33
	‑60
	‑62
	‑65
	‑67
	‑73

	
	 33
	+0,5
	‑30
	‑33
	‑60*
	‑60
	‑63
	‑65
	‑71

	DCS 1 800 MS:
	 36
	+0,5
	‑30
	‑33
	‑60
	‑60
	‑60
	‑71
	‑79

	
	34
	+0,5
	‑30
	‑33
	‑60
	‑60
	‑60
	‑69
	‑77

	
	32
	+0,5
	‑30
	‑33
	‑60
	‑60
	‑60
	‑67
	‑75

	
	30
	+0,5
	‑30
	‑33
	‑60*
	‑60
	‑60
	‑65
	‑73

	
	28
	+0,5
	‑30
	‑33
	‑60*
	‑60
	‑60
	‑63
	‑71

	
	26
	+0,5
	‑30
	‑33
	‑60*
	‑60
	‑60
	‑61
	‑69

	
	 24
	+0,5
	‑30
	‑33
	‑60*
	‑60
	-60
	‑59
	‑67

	PCS 1 900 MS:
	 33
	+0,5
	‑30
	‑33
	‑60
	‑60
	‑60
	‑68
	‑76

	
	32
	+0,5
	‑30
	‑33
	‑60
	‑60
	‑60
	‑67
	‑75

	
	30
	+0,5
	‑30
	‑33
	‑60*
	‑60
	‑60
	‑65
	‑73

	
	28
	+0,5
	‑30
	‑33
	‑60*
	‑60
	‑60
	‑63
	‑71

	
	26
	+0,5
	‑30
	‑33
	‑60*
	‑60
	‑60
	‑61
	‑69

	
	 24
	+0,5
	‑30
	‑33
	‑60*
	‑60
	‑60
	‑59
	‑67


 NOTE: * For equipment supporting QPSK, 8-PSK, 16-QAM or 32-QAM, the requirement for these modulations is ‑54 dB.
GSM modulation spectrum is defined as relative value for all power classes and has a difference at 400 kHz frequency offset for GMSK and QPSK modulation scheme as above Note. Furthermore, for different GSM band, such as GSM900 and DCS1800, modulation spectrum also has some differences. But for LTE, the spurious emission mask is defined as absolute value for UE and there is no difference between any modulation scheme and in any frequency bands.

As NB-IoT could be seen as a new 0.2MHz channel bandwidth for LTE [1], it is proposed to follow LTE UE spurious emission mask principle with single absolute mask for any maximum output power and any modulation scheme in any operating bands. 
In addition, there is another important different essence between GSM and NB-IoT: PAPR. Although NB-IOT has the same narrow bandwidth with GSM, the PAPR for SC-FDMA based signal is much higher than that for GMSK signal, especially for multi-tone case, about 6 dB higher. Therefore, under the same output power, NB-IoT needs more linear PA to meet GSM mask than GSM or with the same PA, NB-IoT can reach lower output power to meet GSM mask than GSM. 
In order to reuse existing PA design to reach the same power class, it is proposed to use the mask for P  dBm as the blue and red curve in Figure 1 (assuming P=33dBm/180kHz) as baseline mask. This mask can also meet co-existence requirement as in [4]. It is proposed to adopt the more relaxation mask at each frequency point as the green curve in Figure 1 to address the requirement in all bands.
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Figure 1 GSM mask and proposed NB-IoT mask
The mask is specified in Table 2 following LTE mask methodology.

	Table 2 UE spurious emission mask for 0.2 MHz channel bandwidth
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


For LTE in-band and guard band operation, the leakage due to side-lobes of NB-IoT sub carriers can guarantee co-existence performance of LTE victim RBs as in [5] and [6]. So no additional SEM requirement for 180kHz transmission bandwidth configuration is needed. Only above mask is enough for NB-IoT UE.
3 Conclusion
Based on above discussion, it is proposed that:

Adopt SEM requirement for UE for all operation modes in Table 2.
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Annex A (informative):
Spectrum characteristics (spectrum due to the modulation)
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Figure A.1a: GSM 400, GSM 900, ER-GSM 900, GSM 850 and GSM 700 MS spectrum due to GMSK modulation
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Figure A.1b: GSM 400, GSM 900, ER-GSM 900, GSM 850 and GSM 700 MS spectrum due to 8-PSK and 16-QAM modulation with normal symbol rate and QPSK, 16-QAM and 32-QAM modulation with higher symbol rate using narrow BW pulse shaping filter 
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Figure A.3a: DCS 1 800 and PCS 1900 MS spectrum due to GMSK modulation
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Figure A.3b: DCS 1 800 and PCS 1900 MS spectrum due to 8-PSK and 16-QAM modulation with normal symbol rate and QPSK, 16-QAM and 32-QAM with higher symbol rate modulation using narrow BW pulse shaping filter
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