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1 Introduction
This document describes the downlink coverage performance of the Narrowband Cellular IoT (NB-CIoT) solution [1], formed from the convergence of the NB M2M and NB-OFDMA solutions [3]. The detailed design of the downlink physical layer is described in [2].  

2 Simulation Assumptions
According to Annex C of [3], simulation assumptions are listed in Table 1.
Table 1 Simulation Assumptions
	No.
	Parameter
	Value
	Notes

	1
	Frequency band
	900 MHz
	

	2
	Propagation channel model
	TU
	

	3
	Doppler spread
	1 Hz 
	

	4
	Interference/noise
	Sensitivity
	

	5
	Antenna configuration
	BS: 1T2R
MS: 1T1R
	

	6
	Frequency error (Hz)
	±45 Hz
	Randomly generated +45 or -45 Hz per data packet.


To study the maximal coupling loss (MCL) that can be supported at 10% BLER , the most robust modulation and coding schemes (MCS) are considered. For PBCH, including the Primary System Information (PSI) and Secondary System Information (SSI), the MCL with up to 4 repetitions are reported [2]. 

The MCS considered are listed in Table 2. 
Table 2 MCS considered for MCL evaluation
	Parameter
	PDSCH 
	PBCH PSI
	PBCH SSI
	PDCCH

	Number of subcarriers
	4
	15
	15
	4

	Bandwidth (kHz)
	15 kHz
	56.25 kHz
	56.25 kHz
	15  kHz

	Modulation
	BPSK
	BPSK
	BPSK
	BPSK

	Coding
	Convolutional rate-1/3
	Convolution rate-0.098
	Convolution rate-0.107
	Convolution rate-0.058

	Repetition
	8, contiguous transmission
	4 @ 320 ms intervals 
	4 @ 320 ms intervals 
	2 @ 320 ms interval

	Pilot Overhead
	2/17
	2/17
	2/17
	2/17

	Packet Length (bits)
	800
	   44
	72
	80


Excluding the PBCH and PSCH slots, there are 228 slots available for PDSCH per 1280ms frame. From [2], it can be found that the PDSCH transmit format takes 320 slots for an 800 bit packet at the physical layer. The raw physical layer data rate is therefore 445 b/s. Assuming 15 bytes overhead, the data rate at the SNDCP layer is 445*0.85=378 b/s.
2.1.1 Results
Assuming a 43-10*log10(45) = 26.5 dBm transmit power per subcarrier, the maximal coupling losses (MCL) for PDSCH, PBCH, PDCCH and PUSCH are given in Table 3.
Table 3 MCL of NB-CIoT
	Parameter
	PDSCH 
	PBCH PSI
	PBCH SSI
	PDCCH

	(1) Tx Power in Occupied Bandwidth (dBm)
	32.5
	38.2
	38.2
	32.5

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

	(3) Occupied Bandwidth (kHz)
	15
	56.25
	56.25
	15

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

	(5) Interference Margin (dB)
	0
	0
	0
	0

	(6) Effective Noise Power (dBm) = (2)+10log10((3))+(4)+(5)
	-127.2
	-121.5
	-121.5
	-127.2

	(7) Required SINR (dB)
	-6.0
	-7.4
	-6.8
	-5.0

	(8) Receiver Sensitivity (dB) = (6)+(7)
	-133.2
	-129.0
	-128.3
	-132.2

	(9) Maximal Coupling Loss (dB) = (1)-(8)
	165.7
	167.1
	166.5
	164.7


From Table 3, all channels support larger than 164 dB MCL. At 164 dB MCL, the PDSCH can support a data rate 378 b/s at the equivalent of the SNDCP layer, higher than 160 b/s as specified in Sec.4.1.1 of [3].
Since a PBCH signal is repeated 4 times per frame. It’s of interest to evaluate the MCL with fewer repetitions. The required SNR and MCL of PSI and SSI with 1 to 3 repetitions are listed in Table 4.

Table 4 MCL of PBCH with 1 to 3 repetitions
	Item
	PSI 1 Rep
	PSI 2 Rep.
	PSI 3 Rep.
	SSI 1 Rep
	SSI 2 Rep
	SSI 3 Rep.

	Required SNR (dB)
	2.3
	-4.0
	-6.1
	2.9
	-3.5
	-5.5

	MCL (dB)
	157.4
	163.7
	165.8
	156.8
	163.2
	165.2


As can be seen from Table 4 that, with 3 repetitions, both PSI and SSI support larger than 164 dB MCL.

3 Summary

It has been shown that NB-CIoT downlink channels, PDSCH, PBCH and PDCCH, provide larger than 164 dB MCL. It is proposed to add downlink coverage evaluation to the TR [3] and a companion pCR is provided in [4].
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