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1. Introduction
In RAN4#78 at Malta, simulation assumptions for SEM study were agreed [1]. Intention of simulation study is to define MPR for different signal configurations assuming CMOC power amplifier. It was also agreed that NB-IoT power class is 3 i.e. 23 dBm and additional power classes can be discussed further. In this paper, we present results of MPR study.   
2. Discussion

Typically the reference condition in RAN4 simulation studies is calibration point for maximum output power when nominal emission requirements are met. For NB-IoT, the ACLR has not been agreed and it is not clear if this will be the limiting condition or not since the intention was to study different masks. Also, the reference signal configuration was not agreed. 
2.1. Reference architecture

The simulation assumption [1] did not discuss transmitter impairments. RAN plenary decided [7] that single tone and multitone support is mandatory for all UEs. This excludes the use of polar architecture and RAN4 should assume same transmitter impairments than what were assumed for LTE. In this study we used carrier leakage = -25 dBc, IQ Image = -25 dBc and CIM3 = -60 dBc.

2.2. Reference waveform (MPR=0)

The aspect of tone position inside channel to emission requirements was discussed in [4]. Tone position was not discussed in agreed simulation assumptions [1] but we found that it has significant impact on needed MPR and especially to the reference signal i.e. MPR=0 dB signal.
In this study, we have applied 15 kHz single tone pi/2-BPSK with tone centered in the channel as reference condition. The spectral plot this condition shown in Figure 1.
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Figure 1 Single 15 kHz tone at tone position 6 (of 1 to 12) in channel. The reference MPR=0 condition in this study.

2.3. Simulated MPR against two masks (15 kHz only)
The simulated MPR values are shown in tables 1 through 3. The maximum MPR of 2.3 dB is needed with 12 tone QPSK but also 1.3 dB is needed for single tone implementation. We analysed only 15 kHz tone spacing. 

Table 1 MPR result for pi/2-BPSK
	pi/2-BPSK 

	Tone
spacing
[kHz]
	#
tones
	Tone position
	NB-IOT SEM (LTE like)
	NB-IOT SEM (GSM like)

	15
	1
	1
	1.3
	0.6

	15
	1
	2
	0.1
	0.3

	15
	1
	3
	0
	0.1

	15
	1
	4
	0
	0.1

	15
	1
	5
	0
	0

	15
	1
	6
	0
	0


Table 2 MPR results for pi/4-QPSK
	pi/4-QPSK

	Tone
spacing
[kHz]
	#
tones
	Tone position
	NB-IOT SEM (LTE like)
	NB-IOT SEM (GSM like)

	15
	1
	1
	1.3
	0.4

	15
	1
	2
	0.1
	0.3

	15
	1
	3
	0
	0.2

	15
	1
	4
	0
	0.2

	15
	1
	5
	0
	0

	15
	1
	6
	0
	0


Table 3 MPR results for QPSK
	QPSK

	Tone
spacing
[kHz]
	#
tones
	Tone position
	NB-IOT SEM (LTE like)
	NB-IOT SEM (GSM like)

	15
	3
	1
	1.1
	0.7

	15
	3
	4
	0.5
	0.6

	15
	6
	1
	1.0
	0.9

	15
	12
	1
	2.3
	1.8


Table 4 MPR result for pi/2-BPSK (3.75 KHz)
	pi/2-BPSK 

	Tone
spacing
[kHz]
	#
tones
	Tone position
	NB-IOT SEM (LTE like)
	NB-IOT SEM (GSM like)

	3.75
	1
	1-5
	1
	0

	3.75
	1
	6-40
	0
	0


2.4. Impact of frequency error

The Frequency error is agreed in brackets as [0.1] ppm, however, some companies have found this challenging and numbers up to 0.5 ppm have been presented. For LTE emissions frequency error has very small impact due to large bandwidth but for NB-IoT case may be different. The 0.5 ppm frequency error for band 1 is 990 Hz. This shifts 3.75 kHz tones by more than 25 %. Given that emission spectrum has a very steep slope, this may cause emission requirements to fail in UE that would clearly meet the emission requirements with 0 ppm frequency error.
2.5. LTE in-band emission requirement
The ACLR is not agreed but only ACLR assumptions for co-existence simulation study were agreed, ACLR1=30 dBc and ACLR2=35-45 dBc. This is for standalone where channel bandwidth is 200 kHz and spacing is 200 kHz [8]. 

For the inband deployment, the power leakage from all UEs in NB-IoT RB should not be greater than LTE in-band emission requirement. LTE inband emission requirement is defined as emission for full RB i.e. measurement BW is 180 kHz and starts without any guard band next to the own channel. The levels and frequency offsets for LTE in-band emission requirements are shown in black color in Figure 1 assuming 23 dBm total power in RB and QPSK modulation. 
For fully allocated multitone case, the requirement is the same as for LTE. The needed MPR in this case is 0 dB.

For partial allocations, the requirement is more complex. The requirement for UE must be scaled according to number of tones it is configured. Since the total emissions must meet the LTE inband emission requirement, the requirement for single tone is must be scaled by 10*LOG10(12) from LTE requirement. Meeting that with tone positioned in to the edge will need 19.3 dB MPR and if tone is positioned to the farther edge (right edge), it will still need 1.3 dB MPR to be below LTE inband emission requirement - 10*LOG10(12) against RB on the left edge. 
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Figure 2 Single tone NB-IoT emissions agains LTE inband emission requirement
However, it is unclear how system will control the power of NB-IoT UE e.g. is it possible that one RB will have 12 single tone UE transmitting at full power of 23 dBm? Or if this is the case, will it be allowed only in extreme coverage mode which is out of coverage for normal LTE UEs? RAN4 needs to wait until RAN1 concludes the power control work before agreeing MPR for in-band deployment.
3. Conclusion

Simulations results for NB-IoT MPR were presented. Single tone when located at the edge will need some MPR and also fully allocated tone. Simulations were done with CMOS PA model and reference tone ( zero MPR case)  was single pi/2-BPSK tone at the center of the RB. 

NB-IoT emission to adjacent LTE RB were also discussed. With the assumption that all tones can have 23 dBm output power, the emission are viaolating LTE in-band emission requirements without significant MPR. 
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