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1 Introduction

At RAN#69 plenary meeting, a new WI named “NB-IoT” was approved based on the outcome of the SI on the cellular IoT [1]. According to the WID, NB-IoT should support 3 different modes of operation: 
1.
‘Stand-alone operation’ utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers

2.
‘Guard band operation’ utilizing the unused resource blocks within a LTE carrier’s guard-band 

3.
‘In-band operation’ utilizing resource blocks within a normal LTE carrier

Particularly for the “stand-alone operation”, an objective of evaluation is set within the RAN1 scope:
· RAN1 evaluation will be based on

· For the standalone mode of operation: on scenarios and criteria documented in 3GPP TR 45.820 Sections 4 & 5, and Annex A (with the exception of impacts to GSM base station baseband) 

The impacts to legacy GSM base station (i.e. 3GPP GSM/EDGE multicarrier Base Station, MCBTS as required by the SI) RF need to be evaluated according to the objective to ensure the smooth reuse of the GSM base station RF when re-farming one GSM carrier to NB-IoT. Downlink PAPR is of particular importance in determining the possibility of reusing GSM base station RF. In this contribution, the downlink PAPR based on the two alternative downlink designs, i.e., 15kHz subcarrier spacing and 3.75kHz subcarrier spacing are evaluated. The PAPR for the pure GSM scenario is also provided for comparison.  
2 Evaluations
In the following, the downlink designs based on 3.75kHz and 15kHz subcarrier spacing are respectively referred as DL Alt-1 and DL Alt-2. The simulation settings are shown in Table 2 in Appendix.
The PAPR CCDF (complementary cumulative distribution function) applied in the evaluations is defined according to:
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Figure 1, Figure 2 and Figure 3 depicts the downlink PAPR CCDFs with 2, 4 and 6 carriers respectively. The vertical red line represents the baseline of 7.66 dB PAPR for MCBTS (see [3] for the deduction of the baseline PAPR).
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Figure 1. CCDF of downlink PAPR with 2 carriers
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Figure 2. CCDF of downlink PAPR with 4 carriers
[image: image8.emf]0 1 2 3 4 5 6 7 8 9 10

10

-4

10

-3

10

-2

10

-1

10

0

Peak to Average Power Ratio (dB)

Probability

CCDF

 

 

5 GSM + NB-IoT DL Alt-2 (15kHz)

5 GSM + NB-IoT DL Alt-1 (3.75kHz)

6 GSM

baseline


Figure 3. CCDF of downlink PAPR with 6 carriers
The PAPR values 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) for different use cases are tabulated in Table 1
Table 1. PAPR at a probability of 10-4 
	Deployment scenarios
	PAPR for DL Alt-1 (dB)
	PAPR for DL Alt-2 (dB)

	1 GSM carrier + 1 NB-IoT carrier
	6.85
	7.95

	3 GSM carriers + 1 NB-IoT carrier
	7.15
	8.10

	5 GSM carriers + 1 NB-IoT carrier
	7.84
	8.42


It can be seen that at the effective peak factor defined at a probability of 10-4, the PAPR in the 1 GSM + 1 NB-IoT and 3 GSM +1 NB-IoT cases for the downlink design Alt-1 is actually lower than for the baseline GSM case (7.66 dB) while the PAPR in the 5 GSM + 1 NB-IoT (7.84 dB) is a bit higher than the MCBTS baseline. However it is noted that in order to maintain the same PSD as GSM and to comply with the GSM spectrum mask, the total transmit power of the 16 subcarriers is inherently restricted by downlink design Alt-1 to 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-IoT scenario for DL Alt-1, which can completely compensate for the maximum PAPR increase due to re-farming one carrier to NB-IoT. When fewer GSM carriers are fed into the PA, the equivalent power back-off is expected to be larger for DL design Alt-1, e.g., 0.79 dB for 3 GSM + 1 NB-IoT scenario and 1.76 dB for 1 GSM + 1 NB-IoT scenario, which can safely ensure no more stringent requirement for the PA compared to legacy GSM.
In contrast,  in all the three cases: 1 GSM + 1 NB-IoT, 3 GSM + 1 NB-IoT and 5 GSM + 1 NB-IoT, the PAPR values at probability of 10-4 for DL design Alt-2 are obviously higher than the baseline GSM case. No equivalent power back-off can be achieved by DL design Alt-2 due to the full power transmission over the 12 subcarriers (1 DC subcarrier is assumed in the simulation which would underestimate the PAPR value compared to the case without DC subcarrier). 
In light of the simulation results, it can be concluded that the PAPR of DL design Alt-1 has no impact on legacy MCBTS, while the PAPR of DL design Alt-2 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, the design based on DL Alt-2 may not be deployable on legacy MCBTS.
3 Conclusions
In this document, simulation results for the downlink PAPR of NB-IoT are presented. It can be concluded that the PAPR of DL design Alt-1(i.e. 3.73kHz subcarrier spacing) has no impact on legacy MCBTS, while the PAPR of DL design Alt-2 (i.e. 15kHz subcarrier spacing) 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. 
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Appendix
Table 2. Simulation settings
	Parameter
	Value

	Scenarios
	2, 4, 6 GSM carriers;
1, 3, 5 GSM carriers + 1 NB-IoT carrier

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

	Modulation
	DL Alt-1: 4 BPSK + 8 QPSK + 4 16QAM
DL Alt-2: 3 BPSK + 6 QPSK + 2 16QAM + DC

	Transmit power
	GSM: 43 dBm per carrier
DL Alt-1: 43-10*lg(48)=26.2 dBm per subcarrier
DL Alt-2: 43-10*log10(12)=32.21 dBm per subcarrier


