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1
Introduction
A new WI on narrowband IOT (NB-IOT) [1] is agreed in RAN# 49.  RAN1 is considering DL power boosting for NB-IOT operation; and an LS [2] was sent to ask RAN4’s opinion on potential power boosting values.  The LS indicates that:

In RAN1#82bis, RAN1 discussed evaluation assumptions for inband 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. For the evaluations with the power boosting, it is assumed that additional power can be applied to NB-IoT narrowband with respect to the reference EPRE where reference EPRE is the average RE power assuming maximum BS output power distributed uniformly across the total number of PRBs in the system. 
RAN1 would like to ask for feedback from RAN4 at least on the following questions. 
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? 
During the last RAN4 meeting, a WF on power boosting is agreed [3].  Based on the WF, it is agreed to study EVM for power boosted PRB and other PRBs and unwanted emission.  Both in-band and guard band operation shall be studied.  This contribution provides some analysis on the in-band NB-IOT DL power boosting based on the agreed WF.

2
Impact of power spectrum with 1PRB power boosting
We use periodogram to estimate PSD of LTE through simulation.  Since the LS indicated the 10MHz LTE bandwidth, the 10MHz is used as the assumption for the study.  Here we assume perfect Tx without consideration of Tx impairments.

Figure 1 shows the PSD estimation based on one LTE symbol.  The left figure of Figure 1 is the LTE signal PSD without power boosting; and the right figure is the PSD with 1 PRB 6dB power boosting.
A close look on the comparison of the PSD is shown in Figure 2, where 10ms average is taken for PSD estimation.
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Figure 1    PSD of 10MHz LTE signal: with and without 1PRB boosting
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Figure 2    Comparison of PSD with 1PRB boosting
Based on Figure 2, it indicates that there is a very small increasing of emission due to the 6dB power boosting, although the increasing amount is small.
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Figure 3    PSD of 10MHz with center PRB 6dB power boosting
If the NB-IOT PRB is allocated in the middle of 50PRBs, as shown in Figure 3 for one case where the NB-IOT PRB is allocated at the central PRB, there is almost no impact of the PSD.  Based on Figure 2 and Figure 3, we can observe that

Observation 1:
If the NB-IOT PRB is allocated in the middle of LTE PRB for in-band operation, there is almost no impact to the PSD with 6dB power boosting of NB-IOT PRB.

Observation 2:
As the worst case, if the NB-IOT PRB is allocated at the edge of LTE PRB for in-band operation, the PSD impact is very small.

3
EVM impact with 1PRB power boosting

Another consideration for potential impact of power boosting, as indicated in the WF [3], is the EVM impact of power boosted PRB and neighbor PRBs.  In order to study the impact, we show the PSD of single PRB with and without power boosting in Figure 4.  The PRB at the edge of LTE allocation is selected for investigation.
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Figure 4    PSD of single PRB with and without 6dB power boosting: ideal TX
For ideal Tx without consideration of PA nonlinearity, adjacent PRBs in LTE are orthogonal.  There is no cross-PRB interference at the Tx side, even though the RF PSD indicates leakage at the neighbor PRB.  When Tx impairments are considered, the loss of orthogonality will cause interference among subcarriers.  This interference may have impact on Tx EVM performance.
One potential impact to the EVM is the PA nonlinearity.  When clipping is applied at the PA, the PSD is usually widened in frequency.  When power boosting is applied to single PRB, as shown in Figure 4, the widened PSD will impact neighbor PRB, which might increase EVM.  
However, when 1PRB is 6dB power boosted, the overall PAPR of 10MHz LTE waveform will not be affected.  Therefore, the clipping performance will be similar to that of legacy LTE waveform.  The EVM impact will be likely small, though the exact EVM performance is yet studied with eNB PA model.
For the power boosted PRB for NB-IOT, it can meet the legacy EVM requirements due to the increased Tx power.
Based on the above discussion, we can observe that
Observation 3:
The power boosted PRB can meet the legacy EVM requirement.
Observation 4:
For the neighbor PRB of the power boosted PRB, the EVM is likely impacted, however, the exact EVM performance shall be studied with eNB PA model.
4
Discussions
This contribution provides evaluations for potential impact of DL 6dB power boosting for NB-IOT in-band operation.  Based on our analysis, we have these observations:
Observation 1:
If the NB-IOT PRB is allocated in the middle of LTE PRB for in-band operation, there is almost no impact to the PSD with 6dB power boosting of NB-IOT PRB.

Observation 2:
As the worst case, if the NB-IOT PRB is allocated at the edge of LTE PRB for in-band operation, the PSD impact is very small.

Observation 3:
The power boosted PRB can meet the legacy EVM requirement.

Observation 4:
For the neighbor PRB of the power boosted PRB, the EVM is likely impacted, however, the exact EVM performance shall be studied with eNB PA model.
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