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Introduction
A narrowband OFDMA (NB-OFDMA) solution for GERAN Cellular IoT is described in [1]. This document provides updated coverage performance of all channels except SCH and RACH. Changes from previously reported in [2] include

· The new results are obtained with channel estimation and link level assumptions according to Annex C of [1]. 

· Changes in pilot allocation, PUCCH waveform [3], and PDCCH design [4].
Revised from GP-150464. Changes are highlighted in green and include PDSCH B MCS to be consistent with defined transmit format table and editor’s notes
First Change

7.2.4 
Concept Evaluation

7.2.4.1 
Link level performance

7.2.4.1.1 
Simulation assumptions

According to Annex C, simulation assumptions are provided in Table 7.2.4.1-1

Table 7.2.4.1-1 Simulation Assumptions
	No.
	Parameter
	Value
	Notes

	1
	Frequency band
	900 MHz
	

	2
	Propagation channel model
	TU
	

	3
	Doppler spread
	1 Hz with model for Doppler spectrum taken from TR 36.888 [3]1
	

	4
	Interference/noise
	Sensitivity2
	

	5
	Antenna configuration
	BS: 1T2R
MS: 1T1R
	

	6
	UL Frequency error (Hz)
	F_offset(t) = ±45 ±22.5 * t.
	 F_est_error and initial drift during UE inactive together modelled as  ±45 Hz.

	7
	DL Frequency error (Hz)
	±45
	


Editor's notes:
Conformance to the GMSK PSD mask remains to be evaluated (see Annex D, table D.1. Note 3).
For PDSCH , no power reduction due to PAPR is assumed.

Gb architecture was assumed.
To study the maximal coupling loss (MCL) that can be supported at 10% BLER , the most robust modulation and coding schemes (MCSs) are considered for PUSCH, PDSCH and PDCCH. For PBCH, the secondary system information (SSI) is considered since it has a higher coding rate and hence smaller MCL when compared to the primary system information. The MCSs considered are listed in Table 7.2.4.1-2. 

Table 7.2.4.1-2 MCS Considered for MCL Evaluation
	Parameter
	PDSCH A
	PDSCH B
	PBCH SI
	PDCCH
	PUSCH
	PUCCH

	Number of occupied tones
	1
	4
	18
	6
	1
	1

	Bandwidth (kHz)
	2.5 kHz
	10 kHz
	45 kHz
	15 kHz
	2.5 kHz
	2.5 kHz

	Symbol rate (symb/s)
	2282
	2282
	2282
	2282
	2324
	2324

	Modulation
	BPSK
	BPSK
	BPSK
	BPSK
	BPSK
	Orthogonal Waveform 

	Coding
	Convolutional rate-1/6
	Convolutional rate-1/-24
	Convolution rate-1/9
	Convolution rate-1/24
	Turbo rate-1/6
	Rate-1/28

	Pilot Overhead
	3/14
	2/14
	2/14
	2/14
	3/14
	0

	Data Rate (bps)
	299
	326
	N/A
	N/A
	304 bps
	N/A

	Packet Length (bits)
	800
	800
	72
	72
	800
	1


Note:

· In PDSCH A, the maximal downlink transmit power per tone is assumed to be 30 dBm, i.e., a 7.6 dB boost from the average power per tone assuming maximal downlink transmit power 43 dBm. In PDSCH B, dynamic power allocation is not applied and, as a result, the transmit power per tone is 24.4 dBm. It can be seen that it takes less time to transmit the data packet by PDSCH B than by PDSCH A. PDSCH B is preferred when a cell is lightly loaded for its reduced transmit power per tone and thus reduced interference to other cells.
· For PBCH the transmit power per tone is 30.4 dBm. 
· For PDCCH the maximal transmit power per tone is 27 dBm.
· For both PUSCH and PUCCH, the maximal transmit power is 23 dBm.

7.2.4.1.2 
Results

The maximal coupling loss (MCL) for PDSCH A, PDSCH B, PBCH, PDCCH, and PUSCH are given in Table 7.2.4.1-3.

Table 7.2.4.1-3 MCL of NB-OFDMA

	Parameter
	PDSCH A
	PDSCH B
	PBCH
	PDCCH
	PUSCH
	PUCCH

	(1) Tx Power in Occupied Bandwidth (dBm)
	30
	30.4
	43
	34.8
	23
	23

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

	(3) Occupied Bandwidth (kHz)
	2.5
	10
	45
	15
	2.5
	2.5

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

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

	(6) Effective Noise Power (dBm) = (2)+10log10((3))+(4)+(5)
	-135.0
	-129
	-122.5
	-127.2
	-137.0
	-137.0

	(7) Required SINR (dB)
	-1
	-6.9
	0.7
	-3.0
	-5.1
	-5.4

	(8) Receiver Sensitivity (dB) = (6)+(7)
	-136
	-135.9
	-121.8
	-130.2
	-142.1
	-142.4

	(9) Maximal Coupling Loss (dB) = (1)-(8)
	166
	166.3
	164.8
	165.0
	165.1
	165.4


From the above table, all listed channels achieve larger than 164 dB MCL. In addition, from Tables 7.2.4.1-2 and 7.2.4.1-1, both PDSCH and PUSCH can comfortably support data rate higher than 160 bps at the equivalent of the SNDCP layer as specified in §4.1.1.
End of Change
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