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1. Introduction
In RAN4#77 AH NB-IoT UE output power was discussed and agreement was that UE output power is 23 dBm [1]. The work item description [2] states that “For the uplink:  The UE shall indicate the support single-tone and/or multi-tone, details to be discussed by RAN WGs”. This paper discusses how to detail the agreed output power requirement for multi tone and single tone UL configurations. 
2. Discussion

In RAN1 [4] and RAN4 [3] papers PAPR of NB-IoT UL signals were discussed. The PAPR’s from these two papers are shown in Table 1.
Table 1 PAPR for different UL signal configurations

	 
	Signal
	PAPR [dB]

	Single tone
	pi/2-BPSK
	 
	0.11

	
	pi/4-QPSK
	 
	0.13

	Multi tone
	pi/4-QPSK
	2 tones
	2.6

	
	
	4 tones
	5.5

	
	
	8 tones
	6.3

	
	
	12 tones
	6.4


PAPR defines the output signal peak to average ratio. To describe how one PA can support signals with different PAPRs, we present an example PA compression curve i.e. AM-AM curve in Figure 1. The PA has 1 dB compression point at 27 dBm. In order not to allow PA to compress the signal too much, typically signal can be allowed to peak at the 1 dB compression point. If signal has 6 dB PAPR, the PA is capable of producing 21 dBm of average power.     
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Figure 1 Compression curve of a PA
Assuming NB-IoT UE will include only one PA that supplies output power for all signal configurations, RAN4 must define the signal configuration of the defined maximum output power value. 

When NB-IoT UE is at the edge of the cell, the transmission mode will be single tone due to the bad channel conditions. Therefore is makes sense to define the UE max power for single tone transmission. 
Proposal 1: Signal configuration for the 23 dBm maximum output power is single tone
It is unclear at this time if there will be device categories to distinguish between single tone and multi tone UEs or if this is only device capability or device mode. If there would be different device categories RAN4 could agree that different device categories could support different power classes, e.g. single tone UL device would support power class 3 and multi tone UE would support power class 5. Nevertheless the unclarity in device configurations, RAN4 can define the UE output power requirement for different signal configuration.

Combining information from Table 1 and Figure 1 we can conclude that the same PA will be able to produce less power when multitone signal is configured compared to single tone signal.
Proposal 2: The maximum output requirement of NB-IoT UE for multi tone UL signal should take into account the signal PAPR

This can be defined in similar manner as LTE MPR is defined. Assuming that multitone capable UE will always also support single tone, the max power test can be defined for single tone and then various MPR signals can be tested with multitone.
3. Conclusion

NB-IoT UE maximum output requirement was dicussed and two proposals were made:

 Proposal 1: Signal configuration for the 23 dBm maximum output power is single tone
Proposal 2: The maximum output requirement of NB-IoT UE for multi tone UL signal should take into account the signal PAPR 
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