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1 Introduction
Two contributions related to UE minimum power requirements for NB-IoT were discussed in last meeting [1] [2]. This contribution continues to discuss the pending issue for single-tone and provides TP to the updated TR [3].
2 Discussion
In single tone interference calculation, it is assumed to reuse -40dBm/180kHz which means the minimum power over single tone is still -40dBm. This is also aligning with LTE requirement method and co-existence simulation assumption.
Tx power from far user (single tone transmission) from extreme coverage: 23 dBm – 164 dB =-141dBm (15 kHz)

Tx power from near user at eNodeB input = -40 dBm (15 kHz)  – 70 dB = -110 dBm (15 kHz)

Assuming 0.1*2 ppm frequency difference, the leakage from one tone to the adjacent tone is about 37 dB. It means the far user SIR=-141-(-110-37) = 6dB, the demodulation SNR threshold for far user at 20 dB coverage extension is typical in the order of -12 dB which means there is large margin to demod the far user.
Therefore, -40dBm minimum power for NB-IoT channel bandwidth can also be applied for single tone case.
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8.1.3 Minimum and OFF power

8.1.3.1
Fully allocated channel case

Minimum power case: 

Tx power for near UE at eNodeB input = -40 dBm (200 kHz) – 70 dB = -110 dBm (200 kHz)

Conclusion: No issue as no other UE is transmitting.

Agreement: NB-IoT Minimum output power requirement for full channel is -40 dBm (200 kHz)
OFF power case: 

Tx power from near user at eNodeB input = -50 dBm (200 kHz) – 70 dB = -120 dBm (200 kHz)

Tx power from single user from extreme coverage: 23 dBm – 164 dB = -141dBm (15 kHz)

As for extreme coverage case far UE is transmitting only 1 tone this means that we need to scale near UE OFF power to same bandwidth thus -120 - 10*log(1/12) = -130.8 dBm (15 kHz)

Near user OFF power leakage at eNodeB input is 10.2 dB higher than transmission power of far user for single tone bandwidth. However this power corresponds to noise density of -50dBm/200k -10*log10 (200k) ( -123dBm/Hz -70dB ( -173dBm/Hz which is rougly the thermal noise floor and can be seen as acceptable noise level.

Multiple users and OFF power:

There can be very large quantities of NB-IoT UE’s in the cell without transmissions and those must at minimum fulfill the OFF power requirement. These powers are summing up and create a noise floor that interferes eNodeB reception. However, vast majoarity of UE’s is experiencing much greater pathloss than minimum coupling loss. Also NB-IoT UE’s spend most of time in some kind of sleep mode to save battery and during that time there cannot be in practice any transmission leakage at UE antenna port as othervise NB-IoT would consume its battery far too quickly. Based on these reason  – 50 dBm / 200 kHz can be used as a full channel OFF power requirement.
Agreement: NB-IoT OFF power requirement for full channel is -50 dBm (200 kHz)
8.1.3.2
Single tone case

In this case it is assumed that Min (-40 dBm) and OFF (-50 dBm) power requirements are still defined for the channel so for single tone case, the power is all concentrate on one tone: 
Min power – 40 dBm per tone

OFF power – 50 dBm per tone
Minimum power case: 
Tx power from near user at eNodeB input = -40 dBm (15 kHz)  – 70 dB = -110 dBm (15 kHz)

Tx power from far user (single tone transmission) from extreme coverage: 23 dBm – 164 dB =-141dBm (15 kHz)

Near user single tone power is 31 dB more than far user single tone power at eNodeB input however tones are on different positions. Assuming 0.1*2 ppm frequency difference, the leakage from one tone to the adjacent tone is about 37 dB. It means the far user SIR=-141-(-110-37) = 6dB, the demodulation SNR threshold for far user at 20 dB coverage extension is typical in the order of -12 dB which means there is large margin to demod the far user.
Agreement: NB-IoT Minimum output power requirement is -40 dBm over 200 kHz channel bandwidth.
OFF power case: 

In OFF power case UE is not transmitting thus it is not necessary to define single tone OFF power requirement in addition to full channel requirement.

Agreement: Single tone NB- IoT OFF power requirement is not necessary
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