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1. Introduction
At RAN #69, a new work item named Narrowband Internet of Things (NB-IoT) was approved to specify a radio access solution for cellular internet of things [1]. In this contribution, we give some analysis on coverage, data rate, and peak-to-average power ratio (PAPR) of PAPR reduction schemes specified in [2] and [3].
2. Simulation Assumptions
The performance objective of NB-IoT for three coverage class modes are basic mode targeted for 144 dB coupling loss, robust mode targeted for 154 dB coupling loss, and extreme mode targeted for 164 dB coupling loss. Details of N-PUSCH can be found in [2] and the simulation assumptions used in the evaluations are listed in Table 2-1.

Table 2-1. Assumptions for Link Level Simulations.
	Parameter
	Value

	Frequency band
	900 MHz

	Propagation channel model
	TU

	Doppler spread
	1 Hz 

	Interference/noise
	Sensitivity

	Antenna configuration 
(Transmission mode)
	MS: 1T, eNB: 2R

	Frequency error
	F_offset(t) = F_est_error + (F_drift_inactive *T_inactive)  + (F_drift_active * t). 

	NB LTE specific frequency error  (F_est_error)
	Randomly chosen from [-50, 50] Hz

	Frequency drift rate (F_drift_active)
	22.5 Hz/second

	Thermal noise density (dBm/Hz)
	-174

	BS Receiver noise figure (dB)
	3

	MS Receiver noise figure (dB)
	5

	Interference margin (dB)
	0

	Receiver processing gain (dB)
	0


3. Simulation Parameters

3.1. Single Tone Transmission with Tone Selection
As shown in Fig. 3-1, we use 2 tones and π/4-rotated QPSK for single tone transmission with tone selection for evaluations. After then, resource allocation followed by IFFT are processed. Finally, 4x over-sampling followed by 2 sample time-domain windowing and 9-tap time-domain filtering to oversampled time-domain samples are processed.
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Figure 3-1. Transmit chain for PAPR reduction schemes using single tone with tone selection.
To reduce the peak power on the symbol boundary, we use similar windowing and overlap method described in [5] with an overlap of 2 samples in the oversampled domain. The difference is that windowing and overlap is processed in oversampled domain in our evaluation. In addition, time domain filtering which is plotted in Fig. 3-2 is also performed. In the oversampled domain, 9-tap digital filter is used and the length of this filter is about 7 us, but 98.5% of the energy is concentrated within 4 us. Since the cyclic prefix length is 28-31 us with 2.5kHz subcarrier spacing, the filter is well contained within the cyclic prefix length.
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Figure 3-2. 9-tap digital filter
The MCS considered for performance evaluation is summarized in Table 3-1.
Table 3-1: MCS for Single Tone Transmission with Tone Selection
	Coding scheme
	Turbo Code

	Code rate

(per repetition)
	0.35

	modulation
	Single tone transmission with tone selection (MF=2, MQ=4)

	# repetition
	1

	# subcarriers
	2

	Total transmission time
	384 ms (64 N-subf.)

	PHY Data rate
	2.08 kbps


3.2.  SC-FDMA with PAPR Reduction Precoding
As shown in Fig. 3-3, transmit chain of SC-FDMA with PAPR reduction precoding is presented. Firstly, the channel coding and modulation is processed. And then, FFT,  PAPR reduction precoding, and resource allocation are processed. Finally, IFFT is processed.
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Figure 3-3. Transmit chain for PAPR reduction schemes using SC-FDMA with PAPR Reduction Precoding.
For SC-FDMA with PAPR reduction precoding (7A.4.3.4 in [4]) in Basic mode, 24-point DFT transform precoding matrix and PAPR reduction precoding matrix described in Fig. 3-4 is used.
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Figure 3-4. PAPR reduction precoding matrix.
The MCS considered for performance evaluation is summarized in Table 3-2.
Table 3-2: Summary of the configurations for performance analysis
	Coding scheme
	Turbo Code

	Code rate

(per repetition)
	0.23

	modulation
	Rotated-QPSK, SC-FDMA with PAPR reduction precoding

	# repetition
	1

	# subcarriers
	32

	Total transmission time
	36 ms (6 N-subf.)

	PHY Data rate
	22.2 kbps


4. Performance Analysis
4.1. Link Budget Performance
In this section, the link budget performance for PAPR reduction schemes specified in [3] are evaluated. The target BLER of the N-PUSCH is 10%. The results show that coupling loss of 154dB and 144dB can be successively achieved by single tone transmission with tone selection and SC-FDMA with PAPR reduction precoding, respectively.
Table 4-1: Link Budget Analysis for the PAPR Reduction Schemes
	PAPR Reduction Scheme
	Tone Selection
	Precoding

	Transmitter
	
	

	Max Tx power (dBm)
	23
	23

	(1) Actual Tx power (dBm)
	23
	23

	Receiver
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174

	(3) Receiver noise figure (dB)
	3
	3

	(4) Interference margin (dB)
	0
	0

	(5) Occupied channel bandwidth (Hz)
	5,000
	80000

	(6) Effective noise power
	-134.0
	-122.0

	(7) Required SINR (dB)
	1.5
	0.7

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-132.5
	-121.3

	(9) Rx processing gain
	0
	0

	(10) MCL  = (1) -(8) + (9) (dB)
	155.5
	144.3

	(11) PHY data rate
	2.08 kbps
	22.2 kbps


The required SINR is derived at 10% BLER. Note that the coupling loss of single tone transmission with tone selection is 155 dB if the required SINR is derived at 8% BLER. Also note that the PHY data rate for single tone transmission with tone selection is 2.08 kbps which is higher than that of single carrier GMSK transmission scheme, 1.83 kbps specified in [4]. 
Observation 1: The single tone transmission with tone selection and SC-FDMA with PAPR reduction precoding achieve 154dB and 144dB coupling loss with relatively high data rate support, respectively.
4.2.  PAPR
In Table 4-2, the PAPR for the PAPR reduction schemes are summarized. Note that the PAPR for single tone transmission with tone selection is about 0 dB in spite of its medium data rate support. The PAPR values are very small, so that cheap power amp (i.e. has low linearity region) can be implemented in UE for NB-IoT. In Fig. 4-1 and 4-2, the CCDF of the corresponding PAPR reduction schemes are presented.

Table 4-2: PAPR for the PAPR Reduction Schemes
	PAPR Reduction Scheme
	Tone Selection
	Precoding

	PAPR [dB] @ 10-3 CCDF
	0.02
	3.0
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Figure 4-1: CCDF of the PAPR for the Single Tone Transmission.
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Figure 4-2: CCDF of the PAPR for the SC-FDMA with PAPR reduction precoding.
Observation 2: The single tone transmission with tone selection and SC-FDMA with PAPR reduction precoding achieve about 0dB and 3dB PAPR for the robust and basic coverage class mode, respectively.

5. Conclusions

In this document, we show the link budget performance, data rate, and PAPR of the PAPR reduction schemes specified in [3]. The following observations are presented.
Observation 1: The single tone transmission with tone selection and SC-FDMA with PAPR reduction precoding achieve 154dB and 144dB coupling loss with relatively high data rate support, respectively.
Observation 2: The single tone transmission with tone selection and SC-FDMA with PAPR reduction precoding achieve about 0dB and 3dB PAPR for the robust and basic coverage class mode, respectively.
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