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1 Introduction
In RAN plenary #69 the new work item Narrowband IoT was approved for the support of massive number of devices in narrow bandwidth [1]. According to the work item description, the objective is to specify a radio access for cellular internet of things, based to a great extent on a non-backward-compatible variant of E-UTRA that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimised) network architecture. NB-IOT supports different operation modes including stand-alone operation, in-band operation and guard-band operation. 
In RAN1#82bis, RAN1 discussed evaluation assumptions for in-band scenarios related to power boosting on NB-IoT narrowband, and agreed to include 6dB boosting for a maximum of 1 PRB within a 10MHz system bandwidth. In [2], RAN1 sent the following questions to RAN4 

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? 

In this contribution we provide answers to the Q1 and Q2, namely the feasibility of power boosting for in-band NB-IOT.
2 Discussion
According to the work item description, NB-IOT should support 3 different modes of operations:

· ‘Stand-alone operation’ utilizing for example the spectrum currently being used by GERAN systems 

· ‘Guard band operation’ utilizing the unused resource blocks within a LTE carrier’s guard-band 

· ‘In-band operation’ utilizing resource blocks within a normal LTE carrier
In stand-alone operation the maximum output power of a GSM base station (43dBm) is considered as the base-line design according to 45.820. This means the corresponding power spectral density is 43dBm/180kHz. In case of a frequency reuse 3, where the 3 cells in one site divide the power and the frequency to 3 parts, we have the same PSD which is 38dBm/60kHz. However the in-band and guard-band operation of NB-IOT should consider the output power of E-UTRA base stations, which is 46dBm/50RBs, which is 29dBm/RB.  So in order for the in-band or guard-band operation of NB-IOT to have comparable performance to stand-alone NB-IOT, the PSD must be boosted. However boosting of RBs inside the LTE bandwidth has an impact on both the in-band distortion and also the out-of band distortion. 

In this contribution we look at the impact of in-band power boosting on the EVM of the neighbouring LTE RBs and also the out of band emission of the total signal.

2.1 
Simulation results

In the following we present simulation results for in-band operation of NB-IOT with different subcarrier spacing. 
2.1.1 NB-IOT with 15 kHz subcarrier spacing
In the following we consider NB-IOT signal inside the LTE signal with 10MHz and at the edge of the carrier.  Figure 1 shows power spectral density of signal with different power boosting applied on the NB-IOT. As the figure shows the increase in the out-of-band emission outside the channel bandwidth is around 4-5dB. Note that the results here are without any channel filtering.
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Figure 1 PSD of LTE+NB-IOT, with different power boosting on the in-band NB-IOT

Due to orthogonality between NB-IOT and the wide-band LTE the EVM is not impacted at all by the power boosted RB, and for all boosting values remain equal to 0.
Observation 1: Power boosting for NB-IOT with subcarrier spacing of 15kHz, operated inside LTE bandwidth has no impact on EVM, and the out-of-band emission is increased by 4-5 dB that is within the margin from the spectrum mask. So power boosting up to 12dB is feasible.
2.1.2 NB-IOT with 3.75 kHz subcarrier spacing

In the following simulation we consider NB-IOT signal with 3.75 kHz subcarrier spacing inside and at the edge of the transmission bandwidth of LTE signal with 10MHz.  Figure 2 shows power spectral density of signal with different power boosting applied on the NB-IOT. The increase in the out-of-band emission outside the channel bandwidth is around 4-5dB at 5MHz. This can be due to intermodulation products between the two signal.  Note that the results here are without any channel filtering.
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Figure 2 PSD of LTE+NB-IOT, with different power boosting on the in-band NB-IOT

The following figures show the impact of NB-IOT on the EVM of the LTE signal. In these figures the EVM of LTE RBs 1 to 50 are shown. Note that the EVM of the original LTE without power boosting is zero, and the increase in EVM is solely due to the NB LTE signal
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Figure 3 EVM of the LTE RBs for different power boosting (0dB, 3dB, 6dB, 9dB) on the in-band NB-IOT
Table below summarizes the  EVM of the first LTE resource block and also the EVM of the NB-IOT signal. As observed from the table all numbers violates the the EVM requirements of LTE for 64QAM for both or at least one of the systems and make them useless.

Table 1 EVM of NB-IOT with 3.75kHz subcarrier spacing with 0Hz spacing between the edges of NB-IOTwith3.75kHz subcarrier spacing and LTE 
	
	0dB
	3dB
	6dB
	9dB
	12dB

	EVM 1st RB LTE [%]
	19.5
	22.0
	40.7
	56.6
	74.4

	EVM of NB-IOT [%]
	20.0
	12.9
	9.2
	7.2
	4.8


Observation 2: Power boosting for NB-IOT with subcarrier spacing 3.75kHz degrades the EVM of both NB-IOT and neighbouring LTE RBs significantly. Therefore NB-IOT with 3.75kHz subcarrier spacing for operation inside the transmission bandwidth of the LTE is not feasible for either power boosted or non-power boosted case.
3 Conclusion
In this contribution we presented simulation results for power boosting NB-IOT operated inside LTE bandwidth, and made following observation:
Observation 1: Power boosting for NB-IOT with subcarrier spacing of 15kHz, operated inside LTE bandwidth has no impact on EVM, and the out-of-band emission is increased by 4-5 dB that is within the margin from the spectrum mask. So power boosting up to 12dB is feasible.

Observation 2: Power boosting for NB-IOT with subcarrier spacing 3.75kHz degrades the EVM of both NB-IOT and neighbouring LTE RBs significantly. Therefore NB-IOT with 3.75kHz subcarrier spacing for operation inside the transmission bandwidth of the LTE is not feasible for either power boosted or non-power boosted case.
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