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NB M2M - Downlink PAPR
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 M2M was proposed as one of the candidate solutions (see sub-clause 7.1[2]).
This document presents some simulation results for the downlink PAPR of NB M2M.

This document is an update of GPC150262 with changes marked in red.

2 Definitions of PAPR

There are two different definitions for the PAPR in general use: long-term PAPR and short-term PAPR. Their associated complementary cumulative distribution functions (CCDF) [3] are reproduced below.
Long-term PAPR CCDF: 
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Short-term PAPR CCDF: 
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where 
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It can be seen that the short-term PAPR CCDF takes into account only the peak value of the output signal. However, the degradation caused by the power amplifier is caused by all signal samples falling in the nonlinear region of the PA. The CCDF of the long-term PAPR shows the overall probability of sample power exceeding the threshold, which gives a more accurate estimate of the impact on the output of the power amplifier. The long-term PAPR CCDF for a sufficiently large number of sub-channels can be approximated by a complex Gaussian signal whereas the Wei, Goeckel and Kelly approximation is usually applied for the short-term PAPR CCDF [3].
It is noted that there may be a significant difference in the results for long-term and short term PAPR. The long-term PAPR, from the sourcing company’s observation, has been widely adopted for the investigation of spectral characteristics, non-linearities and clipping behavior of the power amplifier in existing systems, e.g. GSM [4] and LTE [5], so in the following only long-term PAPR is evaluated.  
3 Evaluations
The mapping of physical channel names to downlink physical sub-channel indexes is listed in Table 2.
Table 2. Downlink physical channel mapping
	Downlink physical channel name
	Downlink physical sub-channel index (DL_CHAN)
	Modulation

	PBSCH
	5
	π/2-DBPSK

	EPBCH
	6
	π/2-DBPSK

	PDSCH
	0, 1, 2, 3, 4, 7, 8, 9, 10, 11
	π/2-BPSK 
or 16QAM


The transmit power for each GSM carrier is assumed to be 43 dBm, and the transmit power for each NB M2M downlink sub-channel is assumed to be 32.2 dBm. π/2-DBPSK is always used for the PBSCH and EPBCH channels, while either π/2-BPSK or 16QAM is assumed for all PDSCH channels. 
It should be noted that π/2-BPSK is the expected modulation for most PDSCH channels since it is used for extended and extreme coverage. The case of all PDSCH channels being modulated by 16QAM will never be used in a real deployment, so this case is provided simply to provide an upper bound on the PAPR.
Five simulation cases are considered. The baseline case is 4 GSM carriers equally spaced over 30 MHz frequencies. The other cases assume one of the GSM carriers has been re-farmed to NB M2M, with either 6 or 12 downlink physical sub-channels activated. Note that the two cases of 6 activated downlink sub-channels correspond to a frequency re-use of 1/3, which is the frequency re-use that has been assumed for the NB M2M capacity analysis. The two cases of 12 activated downlink sub-channels are simulated for interest, and would correspond to a frequency re-use of 1/1.
The PAPR Complementary Cumulative Distribution Functions (CCDFs) are shown in Figure 1. It can be seen that at the effective peak factor defined at a probability of 10-4, the PAPR including NB M2M is less than 1 dB higher than the baseline GSM case if 6 downlink physical sub-channels using π/2-BPSK are activated (the typical case for a frequency re-use of 1/3), or 1.8 dB higher than the baseline GSM case if 12 downlink physical sub-channels using π/2-BPSK are activated. Even if 16QAM is assumed for all the PDSCH channels (which as explained above is a theoretical upper bound that will not be used in a real deployment), the PAPR including NB M2M is not more than 2 dB higher than the baseline GSM case irrespective of whether 6 or 12 downlink physical sub-channels are activated.
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Figure 1. CCDF of Downlink PAPR of NB M2M
4 Conclusions
In this document, simulation results for the downlink PAPR of NB M2M are presented. It can be seen that the downlink PAPR when one out of four GSM carriers is re-farmed to NB M2M is typically increased by less than 1 dB, assuming an NB M2M frequency re-use of 1/3.
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