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Comparison of Downlink PAPR between NB-CIoT and NB-LTE
1 Introduction
At GERAN#62, a study item named “Cellular IoT” was created, aiming to evaluate how to support low throughput and low complexity machine type communications[1]. NB-CIoT was proposed as one of the candidate solutions (see sub-clause 7.3[2]). NB-LTE has also been proposed as a very late solution (see [3]).
This document presents some simulation results comparing the downlink PAPR of NB-CIoT and NB-LTE.

2 Evaluations
 The simulation settings are shown in Table 1.

Table 1. Simulation settings
	Parameter
	Value

	Scenarios
	4 GSM carriers;
3 GSM carriers + 1 NB-CIoT carrier;
3 GSM carriers + 1 NB-LTE carrier

	Downlink subcarrier mapping
	NB-CIoT: Subcarrier=0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 (i.e. assuming 1/3 frequency reuse)
NB-LTE: 1 PRB

	Modulation
	NB-CIoT: 4 BPSK + 8 QPSK + 4 16QAM
NB-LTE: 3 BPSK + 6 QPSK + 2 16QAM + DC

	Transmit power
	GSM: 43 dBm per carrier
NB-CIoT: 43-10*lg(48)=26.2 dBm per subcarrier
NB-LTE: 43-10*log10(12)=32.21 dBm per subcarrier


The PAPR CCDF (complementary cumulative distribution function) applied in the evaluations is defined according to:
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Figure 1. CCDF of downlink PAPR of NB-CIoT and NB-LTE
Figure 1 depicts the PAPR CCDFs in the three scenarios defined in Table 1. The vertical red line represents the baseline of 7.66 dB PAPR for MCBTS (see [4] for the deduction of baseline PAPR). It can be seen that at the effective peak factor defined at a probability of 10-4 (which is the value commonly used in existing 3GPP studies when taking a single value as an indication of the PAPR), the PAPR in the 3 GSM + 1 NB-CIoT case (7.25 dB) is lower than the MCBTS baseline while the PAPR in the 3 GSM + 1 NB-LTE case (8.24 dB) is much higher than the MCBTS baseline. In this sense, it can be concluded that the PAPR of NB-CIoT has no impact on legacy MCBTS, while the PAPR of NB-LTE breaks the limit of the dynamic range of the digital circuits on legacy MCBTS and potentially drives the PA to nonlinear region, causing excessive emissions. As a consequence, NB-LTE may not be deployable on legacy MCBTS.
3 Conclusions
In this document, simulation results for the downlink PAPR of NB-CIoT are presented. It can be concluded that the PAPR of NB-CIoT has no impact on legacy MCBTS, while the PAPR of NB-LTE breaks the limit of the dynamic range of the digital circuits on legacy MCBTS and potentially drives the PA to nonlinear region, causing excessive emissions. As a consequence, NB-LTE may not be deployable on legacy MCBTS. 
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