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1.	Introduction
RAN4 has received a LS from RAN1 [1] to ask for feedback from RAN4 at least on the following questions related to power boosting on NB-IoT narrowband. 
Q1: Does RAN4 consider the assumption on 6dB power boosting is feasible.  
Q2: If the answer is No on Q1, RAN1 would like to know the appropriate value(s) that can be assumed for power boosting for NB-IoT performance evaluation in inband scenarios. 
Q3: What level of boosting is feasible for transmissions within the LTE guard band, for the two cases of shared and separate PAs, and for approximately 0 and 200kHz offsets from the edge of the LTE carrier? 
This LS was discussed in RAN4#76bis, where it was agreed to evaluate the impact due to power boosting on existing requirements based on EVM for this power boosted PRB and the rest of the PRBs and unwanted emission [2].  In this contribution, we provide our evaluation based on the agreed way forward.

2.	Discussion
[bookmark: _Toc306263746]2.1	In-band operation

For in-band operation, the power boosting levels required by the current 3GPP standards are specified as the RE power control dynamic range in Sub-clause 6.3.1 of TS 36.104 [3]. The minimum requirements are extracted below in Table 1 for ease of reference.
Table 1 E-UTRA BS RE power control dynamic range
	Modulation scheme used on the RE
	RE power control dynamic range (dB)

	
	 (down)
	 (up)

	QPSK (PDCCH)
	-6
	+4

	QPSK (PDSCH)
	-6
	+3

	16QAM (PDSCH)
	-3
	+3

	64QAM (PDSCH)
	0
	0

	256QAM (PDSCH)
	0
	0

	NOTE 1: 	The output power per carrier shall always be less or equal to the maximum output power of the base station.



It can be seen from Table 1 that up to 4dB power boosting (for QPSK in PDCCH) are required by the current 3GPP standards.  Hence whether 6dB power boosting can be supported in the (especially the currently deployed) BS depends on the implementation margin of the BS.
On EVM for the power boosted PRB and the rest of the PRBs, the main contributors are: phase noise in local oscillator, clipping and digital-pre-distortion algorithms, and PA non-linearity. Firstly, the phase noise in local oscillator would not be impacted by the power boosting. Moreover, the clipping and digital-pre-distortion algorithms are performed on time domain signal (after IFFT), and hence would not be impacted by the power boosting as the PAPR of the time domain signal would remain unchanged when operating within the rated output power of the BS. However, the extent of EVM increase caused by PA non-linearity depends on PA implementation; while we consider 6 dB power boosting could be feasible provided that the total output power does not exceed the rated output power of the BS. Note that the above evaluation only applies when the NB-IoT sub-carrier spacing is the same as the nominal sub-carrier spacing (i.e. 15 kHz), otherwise inter-sub-carrier-interference would greatly increase the EVM for the power boosted PRB and the rest of the PRBs.
On unwanted emission, whether the existing requirements can be met with 6 dB power boosting depends on: the location of the power boosted PRB within the channel bandwidth, PA non-linearity and TX filter rejection. These are implementation issues; but again we consider 6 dB power boosting could be feasible with reasonable PA and TX filter implementations, provided that the total output power does not exceed the rated output power of the BS.

2.2	Guard-band operation

For guard-band operation, there is no existing requirement in the 3GPP standards for this scenario. The feasible level of boosting for transmissions within the LTE guard band depends on design and implementation of various BS components, including but not limiting to clipping and digital-pre-distortion algorithms, PA (shared and separate Pas), TX filter (offsets from the edge of the LTE carrier) and antenna sharing. Since the currently deployed BS are not designed for transmissions within the LTE guard band, using these BS for NB-IoT operation in guard-band may violate the current EVM and unwanted emission requirements specified in the 3GPP standards for in-band LTE operation.

3.	Conclusion
In this contribution, we have evaluated the impact due to power boosting on existing requirements based on EVM for this power boosted PRB and the rest of the PRBs and unwanted emission. We consider 6 dB power boosting could be feasible for in-band operation with NB-IoT sub-carrier spacing of 15 kHz, provided that the total output power does not exceed the rated output power of the BS.
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