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1 Introduction

At the last RAN #69 plenary meeting, a new work item on Narrowband Internet of Things (NB-IoT) was approved with the objective to “specify a radio access for cellular internet of things, based to a great extent on a non-backward-compatible variant of E-UTRA” [1]. The WID requires three different modes of operation, namely, stand-alone operation, guard band operation, and in-band operation as defined in [1]. At the next RAN #70 plenary meeting, a decision on the detailed physical layer design is expected based on evaluations conducted at the working group level in this quarter. Among the numerous objectives for NB-IoT that address improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimized) network architecture this contribution presents additional simulation results for the in-band mode of operation focusing on the coverage enhancement aspects. 
2 Evaluations on enhanced coverage support for NB-IoT
The results presented in this contribution are based on the agreed simulation assumptions in 3GPP TR 45.820 Sections 4 & 5, and Annex A [2] with the amendments agreed at the last RAN1 #82bis meeting as captured in [6]. Moreover, unless otherwise stated, the physical channel design follows the general L1 concept description for NB-LTE submitted to RAN #69 in [3]. The Maximum Coupling Loss (MCL) is used as a measure of the coverage performance and the methodology follows the guidelines put forward in the aforementioned technical report [2]. The target Block Error Ratio (BLER) is assumed as 10% for both data and control channels, i.e., approach 1 is chosen to evaluate the data channel performance, cf. Section 5.6 in [2]. The assumption of the MCL for legacy GPRS is 144dB and an additional 20dB coverage enhancement are targeted resulting in a worst case MCL of 164dB. In the evaluations presented herein, no frequency hopping is assumed. Coverage enhancements are achieved by time domain repetition of the transmitted signal and the number of repetitions is given in the MCL calculation. Lastly, in the extreme case targeting the worst case MCL, all resources within a physical resource block (PRB) are allocated to a single user, i.e., no multiplexing of users within one PRB is assumed. For the different channels considered herein, the physical layer design together with the simulation results are presented in the following sections. Common assumptions are also summarized in Table 1.
Table 1: Common assumptions for link-level simulations

	Parameter
	Value

	Frequency band
	900 MHz

	Propagation channel model
	TU

	Doppler spread
	1 Hz 

	Interference/noise
	Sensitivity

	Antenna configuration
	BS: 2T2R
MS: 1T1R

	LTE system bandwidth
	10MHz

	CSI-RS/IM configuration
	None

	MBSFN subframe configuration
	None

	Frequency error
	F_offset(t) = F_est_error + (F_drift_active * t).

	NB LTE specific frequency error  (F_est_error)
	Randomly chosen from [-50, 50] Hz 

	Frequency drift rate (F_drift_active)
	Not modeled

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

	Base station total TX power (dBm)
	46

	Base station TX power for NB-IoT (dBm)
	35

	MS transmit power (dBm)
	23

	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

	Downlink transmit filter
	N/A


2.1 NB-PDCCH
The NB-PDCCH simulation results presented in Table 2 are based on a physical layer design similar to the legacy PDCCH in LTE. For demodulation, dedicated NB-RS is assumed with the same density as the Rel. 8 CRS pattern. The DCI is encoded using the legacy LTE rate 1/3 tail biting convolutional code according to section 5.1.3.1 in [4]. A DCI payload of 48 bits is assumed which together with error detection by means of 16 Cyclic Redundancy Check (CRC) bits amounts to 64 bits prior to encoding (cf. Section 5.3.3.2 in [4]). The encoded bits are rate matched (cf. Section 5.1.4.2 in [4]), scrambled (cf. Section 6.8.2 in [5]), and modulated using transmission mode 2 with QPSK according to Rel. 8 specifications (Sections 8.8.3, 6.3.3.1 and 6.3.4.1 of [5]). No multiplexing of users is assumed. Cross-subframe channel estimation is performed at the receiver without power boosting of reference signals. As can be seen from the MCL calculation in Table 2 a maximum coupling loss of 164 dB can be achieved with a non-backward-compatible variant of the LTE PDCCH assuming 230 time-domain repetitions of a single PRB. 
Table 2: MCL calculation for NB-PDCCH
	Number of repetitions
	230

	Transmitter
	

	(1) Tx power (dBm)
	35

	Receiver
	

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

	(3) Receiver noise figure (dB)
	5

	(4) Interference margin (dB)
	0

	(5) Occupied channel bandwidth (kHz)
	180

	(6) Effective noise power
= (2) + (3) + (4) + 10 log ((5)) (dBm)
	-116.4

	(7) Required SINR (dB)
	-12.6

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-129

	(9) Rx processing gain
	0

	(10) MCL = (1) ((8) + (9) (dB)
	164


3 Conclusion

This contribution presents additional simulation results for the in-band mode of operation focusing on the coverage enhancement aspects for NB-LTE in accordance with the agreed simulation assumptions in 3GPP TR 45.820 Sections 4 & 5, and Annex A [2] with the amendments agreed at the last RAN1 #82bis meeting as captured in [6]. For the different channels considered herein, the physical channel design proposed for NB-LTE as submitted to RAN #69 in [3] can achieve 164 dB MCL. 
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