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1 Introduction
At GERAN #64, a narrow band OFDMA based solution is proposed for clean-slate CIOT [1] and the associated link budget is provided in [2]. Since then, the tone spacing of NB-OFDMA is proposed to be changed from 2.25 kHz to 2.5 kHz for better coexistence with LTE [3]. In this document, the revised link budget is provided for the new tone spacing. 
2 Link Budget
To study the maximal coupling loss (MCL) that can be supported, the most robust modulation and coding schemes (MCSs) are considered for PUSCH, PDSCH and PDCCH. For PBCH, the secondary system information (SSI) is considered as it has a higher coding rate and smaller MCL when compared to primary system information [4]. Detailed modeling and assumptions are listed in Table 1.

Table 1 Model assumptions for link budget study.

	Parameter
	PDSCH
	
	PBCH SI
	PDCCH
	PUSCH

	Number of occupied tones
	1
	
	18
	4
	1

	Antennas
	1T1R
	
	1T1R
	1T1R
	1T2R

	Bandwidth (kHz)
	2.5 kHz
	
	45 kHz
	10 kHz
	2.5

	Symbol rate (symb/s)
	2282
	
	2282
	2282
	2324

	Modulation
	BPSK
	
	BPSK
	BPSK
	BPSK

	Coding
	Convolutional rate-1/3
	
	Convolution rate-1/3
	Convolution rate-1/3
	Turbo rate-1/6

	Repetition factor
	2x
	
	3x
	3x
	1x

	Pilot Overhead
	2/14
	
	2/14
	2/14
	2/14

	Data Rate (bps)
	326
	
	N/A
	N/A
	332 bps

	Packet Length (bits)
	800
	
	72
	72
	800

	Channel Model
	TU 1Hz

	Packet Error Rate
	10%

	Remarks
	No frequency hopping, no retransmission


In addition to the above, the maximal downlink transmit power per tone is assumed to be 30 dBm except for PBCH in which the transmit power per tone is 30.4 dBm. For uplink, the maximal transmit power is 23 dBm.
The maximal coupling loss (MCL) for PDSCH, PBCH, PDCCH, and PUSCH are calculated and shown in Table 2.
Table 2 Link budget calculation.

	Parameter
	PDSCH
	PBCH
	PDCCH
	PUSCH

	(1) Tx Power in Occupied Bandwidth (dBm)
	30
	43
	36
	23

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

	(3) Occupied Bandwidth (kHz)
	2.5
	45
	10
	2.5

	(4) Receiver Noise Figure (dB)
	5
	5
	5
	3

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

	(6) Effective Noise Power (dBm) = (2)+10log10((3))+(4)+(5)
	-135.0
	-122.5
	-129.0
	-137.0

	(7) Required SINR (dB)
	0.3
	1
	0.7
	-5.1

	(8) Receiver Sensitivity (dB) = (6)+(7)
	-134.7
	-121.5
	-128.3
	-142.1

	(9) Maximal Coupling Loss (dB) = (1)-(8)
	164.7
	164.5
	164.3
	165.1


For PUCCH, each uplink ACK/NCK message consists of 1 bit which is transmitted within one slot and over a single tone [4]. The signal design allows a non-coherent receiver without the need of channel information. The required SNR for 10% message error rate is -4.9 dB. Following the same calculation for PUSCH, the corresponding MCL is found to be 164.9 dB.
3 Summary

This document provides the revised link budget of various channels for narrow band OFDMA concept described in [4]. 
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