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Introduction
In this contribution, we provide coverage evaluation for NB-IoT in-band operation using the following numerology options –

· OFDMA on the downlink - 15 kHz sub-carrier spacing using normal CP

· SC-FDMA using single-tone transmission
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Simulation Assumptions
Table 1 provides common link-level simulation assumptions for in-band operation. 

Table 1. Link-level simulation assumptions for in-band operation.
	Parameter
	Value

	System bandwidth
	10 MHz

	Frequency band
	900 MHz

	eNB transmit power
	46 dBm

	NB-IoT transmit power
	35 dBm

	MS transmit power
	23 dBm

	Propagation channel model
	TU

	Doppler spread
	1 Hz 

	Antenna configuration (Transmission mode)
	DL: eNB: 2Tx, MS: 1Rx (TM2)

UL: eNB: 2Rx, MS: 1Tx

	Frequency error
	Randomly chosen from [-50, +50] Hz

	Timing error
	Randomly chosen from [-2.5, +2.5]us

	Downlink Tx filter for NB-IoT
	None 

	Interference from LTE to NB-IoT
	Not modeled

	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

	LTE CRS power boosting
	6 dB

	PDCCH symbols
	2


Additional simulation assumptions specific to each physical layer channel are given below –

· M-PBCH – The payload consists of 34 bits and 16-bit CRC. Antenna configuration of 2Tx-1Rx with SFBC is used. CRS mapping is based on LTE. Convolution coding is used. The M-PBCH is transmitted every 10ms in subframe #0 using five OFDM in the subframe. The M-PBCH content changes every 640ms (i.e. 64 transmissions, once every 10ms). The target BLER of the M-PBCH is 10%.
· M-PDSCH – The payload consists of 776 bits and 24-bit CRC transmitted over 12 subframes (12ms). Antenna configuration of 2Tx-1Rx with SFBC is used. CRS mapping is based on LTE. Convolution coding and QPSK modulation are used. The target BLER of the M-PDSCH is 10%.
· M-EPDCCH – The payload consists of 48 bits and 16-bit CRC transmitted over 12 subframes (12ms). Antenna configuration of 2Tx-1Rx with SFBC is used. Convolution coding and QPSK modulation are used. The target BLER of the M-EPDCCH is 10%.
· M-PUSCH – The payload consists of 776 bits and 24-bit CRC transmitted over 2160 subframes (2160ms) using SC-FDMA single-tone transmission. Antenna configuration of 1Tx-2Rx is used. Within each subframe, 12 resource elements are available. Turbo coding and QPSK modulation are used. The target BLER of the M-PUSCH is 10%.
For NB-IoT, the target MCL is 164dB corresponding to 20dB improvement over legacy GPRS. Based on the assumptions from Table 1 and the selected numerology, the required SNRs to achieve this MCL are -12.6dB for the M-PBCH, M-PDSCH, M-EPDCCH channels and -4dB for the M-PUSCH channel.
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Coverage Evaluation
Coverage evaluation based on link-level simulation results is shown in Table 2. 

Table 2. Coverage evaluation for in-band operation.
	Channel
	M-PBCH
	M-EPDCCH
	M-PDSCH
	M-PUSCH

	Data rate (kbps) above SNDCP
	 
	 
	0.44
	0.31

	Transmitter
	 
	 
	 
	 

	Max Tx power (dBm)
	46
	46
	46
	23

	(1) Actual Tx power (dBm)
	35
	35
	35
	23

	Receiver
	 
	 
	 
	 

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

	(3) Receiver noise figure (dB)
	5
	5
	5
	3

	(4) Interference margin (dB)
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	180,000
	180,000
	180,000
	2,500

	(6) Effective noise power
	-116.4
	-116.4
	-116.4
	-137.0

	= (2) + (3) + (4) + 10 log ((5))  (dBm)
	
	
	
	

	(7) Required SINR (dB)
	-12.6
	-13.0
	-13.7
	-5.8

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-129.0
	-129.4
	-130.1
	-142.8

	(9) Rx processing gain
	0
	0
	0
	0

	(10) MCL  = (1) (8) + (9) (dB)
	164.0
	164.4
	165.1
	165.8


Table 2 shows that the target MCL of 164dB can be achieved for the channels considered. At this MCL, data rate above SNDCP of 0.44 kbps in the downlink and 0.31 kbps in the uplink can be supported.
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Conclusion
This contribution provides performance results for in-band operation using OFDM (15 kHz sub-carrier spacing) in the downlink and single-tone SC-FDMA in the uplink. The performance results show that the coverage criteria are satisfied for the channels considered. In this case, data rate above SNDCP of 0.44 kbps in the downlink and 0.31 kbps in the uplink can be supported.
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