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NB-CIoT - 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-CIoT was proposed as one of the candidate solutions (see sub-clause 7.3[2]).
This document presents some simulation results for the downlink PAPR of NB-CIoT.

2 Evaluations
 The simulation settings are shown in Table 1.

Table 1. Simulation settings
	Parameter
	Value

	Scenarios
	1 GSM carrier + 1 NB-CIoT carrier;
3 GSM carriers + 1 NB-CIoT carrier;
5 GSM carriers + 1 NB-CIoT carrier

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

	Modulation
	BPSK for all simulated subcarriers;

16QAM for all simulated subcarriers

	Transmit power
	GSM: 43 dBm per carrier
NB-CIoT: 43-10*lg(48)=26.2 dBm per sub-carrier


The PAPR CCDF (complementary cumulative distribution function) applied in the evaluations is defined according to:
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 is the sampling time interval and   is a threshold value.
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Figure 1. CCDF of downlink PAPR of NB-CIoT 

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 [3] 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 1 GSM + 1 NB-CIoT and 3 GSM + 1 NB-CIoT scenarios is actually lower than for the baseline GSM case (7.66 dB). In the 5 GSM + 1 NB-CIoT scenario, the PAPR is only about 0.14 dB higher than the baseline GSM case if BPSK is applied for all the subcarriers. Even if 16QAM is assumed for all the subcarriers (which is a theoretical upper bound that will not be used in a real deployment), the PAPR in the 5 GSM + 1 NB-CIoT scenario is less than 0.18 dB higher than the baseline GSM case. 
It should be noted that the total transmit power of the 16 subcarriers is 26.2+10×lg(16) =38.2 dBm which is 4.8 dB lower than the GSM transmit power per carrier. This is equivalent to a 0.51 dB back-off of the overall transmit power in the 5 GSM + 1 NB-CIoT scenario, which can completely compensate for the maximum PAPR increase due to re-farming one carrier to NB-CIoT shown in Figure 1. When fewer GSM carriers are fed into the PA, the equivalent power back-off is expected to be larger, e.g., 0.79 dB for 3 GSM + 1 NB-CIoT scenario and 1.76 dB for 1 GSM + 1 NB-CIoT scenario, which can safely ensure no more stringent requirement for the PA compared to legacy GSM.  
It should be also noted that in the typical deployment only 15 subcarriers are used for transmission (1 subcarrier is reserved), which will yield slightly lower PAPR than 16 subcarriers and provide more room for the equivalent power back-off.  
3 Conclusions
In this document, simulation results for the downlink PAPR of NB-CIoT are presented. It can be seen that the downlink PAPR in the cases where one GSM carrier is re-farmed to NB-CIoT will not bring impact to linearity of the existing PA so ensuring the safe reuse of the PA component of the legacy GSM multi-carrier base station. 
4 References

[1] GP-140421, “New Study Item on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (FS_IoT_LC) (revision of GP-140418)”, VODAFONE Group Plc., GERAN#62.
[2] 3GPP TR 45.820 v1.4.0, “Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things”.

[3] GPC150366, “NB M2M-Downlink PAPR”, Huawei Technologies Co., Ltd., HiSilicon Technologies Co., Ltd, GERAN CIoT Adhoc #3.
3

