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1 Introduction

At RAN#69 meeting the NB-IoT WI was approved based on the outcome of the GERAN SI on cellular IoT [1]. 
In this contribution, evaluations of the downlink coverage performance in guard-band operation based on 3.75 kHz subcarrier spacing (see sub-clause 7.3 of TR 45.820 [2]) are performed following the methodology given in [2].
2 Simulation assumptions
Simulation assumptions are listed in Table 1.

Table 1 Simulation Assumptions

	No.
	Parameter
	Value

	1
	Frequency band
	900 MHz

	2
	Propagation channel model
	TU

	3
	Doppler spread
	1 Hz

	4
	Interference/noise
	Sensitivity

	5
	Antenna configuration
	BS: 2T
MS: 1R

	6
	Timing uncertainty (us)
	Uniformly drawn from the cyclic prefix range (+2 and -2). 

	7
	Frequency error (Hz)
	Randomly generated +50 or -50 Hz per data packet.


The number of effective subcarriers is 47 as one subcarrier is reserved for DC. The MCS considered are listed in Table 2. To reduce the UE complexity, tail biting convolutional coding is used for all the downlink physical channels instead of Turbo code in LTE.
Table 2 MCS considered for MCL evaluation

	Parameter
	PDSCH 
	PBCH
	EPDCCH

	Number of subcarriers
	47
	47
	47

	Bandwidth (kHz)
	180
	180
	180

	Modulation
	QPSK
	QPSK
	QPSK

	Coding rate
	0.011
	0.019
	0.017

	Repetition
	4
	8
	8

	Packet Length (bits)
	800
	44
	80


The raw physical layer data rate of PDSCH is therefore 0.83 kbps. Assuming 15 bytes overhead, the data rate at the SNDCP layer is 0.83 k * 0.85 = 0.71 kbps, higher than 160 bps as specified in Sec. 4.1.1 of [2].
3 Simulation results

The maximal coupling losses (MCL) for NB-IoT PDSCH, NB-IoT PBCH and NB-IoT PDCCH are given in Table 3.

Table 3 Downlink MCL calculation for 3.75 kHz subcarrier spacing
	Parameter
	PDSCH 
	PBCH
	EPDCCH

	(1) Tx Power in Occupied Bandwidth (dBm)
	35
	35
	35

	(2) Thermal Noise Density (dBm)
	-174
	-174
	-174

	(3) Occupied Bandwidth (kHz)
	180
	180
	180

	(4) Receiver Noise Figure (dB)
	5
	5
	5

	(5) Interference Margin (dB)
	0
	0
	0

	(6) Effective Noise Power (dBm) = (2)+10log10((3))+(4)+(5)
	-116.4
	-116.4
	-116.4

	(7) Required SINR (dB)
	-13.0
	-12.7
	-13.1

	(8) Receiver Sensitivity (dB) = (6)+(7)
	-129.4
	-129.1
	-129.5

	(9) Maximal Coupling Loss (dB) = (1)-(8)
	164.4
	164.1
	164.5


From Table 3, all channels support larger than 164 dB MCL. 

4 Conclusions

It has been shown that with the 3.75 kHz subcarrier spacing option as described in sub-clause 7.3 of [2], all downlink channels provide larger than 164 dB MCL in guard-band operation.

Observation: With the 3.75 kHz subcarrier spacing option, all downlink channels provide larger than 164 dB MCL in guard-band operation.
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