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1 Introduction

At RAN#69, a new work item named “NarrowBand IOT (NB-IOT)” was approved [1]. The objective is to specify a radio access for cellular internet of things that addresses 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. 

NB-IOT should support 3 different modes of operation:

1. “Stand-alone operation” utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers

2. “Guard band operation” utilizing the unused resource blocks within a LTE carrier’s guard-band 

3. “In-band operation” utilizing resource blocks within a normal LTE carrier

In this contribution we investigate DL coexistence of NB-IoT and legacy LTE in inband operation, presenting simulation results showing the impact of the NB-IoT on legacy LTE downlink transmissions. 
2 Simulation assumptions

The simulation assumptions are according to agreement in [2] and [3], with specific parameters used as outlined in Tables 1. 

Table 1: Link level simulation assumption for Guard-band deployment in downlink
	Parameter
	Value

	LTE system bandwidth
	10 MHz

	Base station antenna configuration
	10 MHz

	Base station total TX power
	46 dBm

	Separation between NB-IOT and LTE carriers
	{0 Hz, 200 kHZ}

	Transmission mode
	PDSCH: TM2

	Number of OFDM symbols for PDCCH
	2

	Number of transmit antennas
	2 

	Number of receive antennas
	2

	BLER operating point
	10%

	Antenna correlation
	Low

	Channel model
	TU

	Channel speed
	1 Hz

	Carrier frequency
	900MHz

	PRBs allocated to PDSCH
	1PRB/10PRB

	LTE PDSCH modulation
	16QAM/QPSK

	LTE PDSCH TBS
	176/1384

	NB-IoT subcarrier spacing 
	3.75 kHz

	Channel estimation
	Practical


3 Simulation results and discussion
In this section we provide the link level simulation results to show the impact of the NB-IoT on the legacy LTE UE for downlink transmission. In this case, the NB-IoT signal coexists with LTE UE inside the LTE system bandwidth. The NB-IoT subcarrier spacing is equal to 3.75 kHz. Furthermore, we provide the results for 3 different assigned power level for NB-IoT i.e. 6dB PSD boosting compared to LTE UE an additionally 35 dBm and 38 dBm power level operation points. 
Note that with frequency reuse of factor 3, only one third of the bandwidth is used for the NB-IoT signal. In case where the signal bandwidth is 180 kHz, an output power of 35 dBm corresponds to 6 dB PSD boosting relative to 10 MHz LTE. This means that in our results, since the power is spread over only 1/3 of the 180 kHz bandwidth, the PSD boosting equals to 10.77 dB PSD for 35dBm output power. With the same reasoning, the power boosting for the 38dBm transmit power operating point equals to 13.77 dB.
3.1 In-band Operation
Figure 1 shows the simulation results for LTE PDSCH BLER where NB-IoT is transmitted within bandwidth of the LTE system. We have two different scenarios. In the first set up, PDSCH is scheduled PDSCH with a 10 PRBs and QPSK modulation and a TB size of 1384 bits. In this case, the NB-IoT signal is transmitted in the middle of the 10 PRBs, with no transmission of LTE signal in the 180 kHz PRB occupied by the NB-IoT signal. For this case, due to the existence of NB-IoT signal, there is a performance loss up to .5dB at 10% BLER target compared to the case with no interferer.

In the second setup, PDSCH is scheduled over 1PRB with 16QAM modulation and 176 bit TB size. The NB-IoT signal is transmitted in the adjacent PRB. In this case, for 6 dB PSD boosting there is 3dB gain loss in performance at 10% BLER target, while for 35 dBm and 38 dBm operating points this value exceeds 8dB. 

 Observations:

· The interference from the NB-IoT DL with 3.75 kHZ subcarrier spacing to the LTE DL results in up to 0.5dB performance degradation for PDSCH scheduled with 10 PRBs and QPSK modulation.
· For LTE PDSCH scheduled with 1 PRB and 16QAM, the interference from NB-IoT causes 3dB performance loss with 6dB PSD boosting and more than 8 dB performance loss for 35 and 38 dB transmit power. 
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Figure 3: PDSCH-BLER of LTE UE under the in-band NB-IoT interferer signal
4 Conclusions

Observations for In-band deployment:

· The interference from the NB-IoT DL with 3.75 kHZ subcarrier spacing to the LTE DL results in up to 0.5dB performance degradation for PDSCH scheduled with 10 PRBs and QPSK modulation.
· For LTE PDSCH scheduled with 1 PRB and 16QAM, the interference from NB-IoT causes 3dB performance loss with 6dB PSD boosting and more than 8 dB performance loss for 35 and 38 dB operating transmit power. 
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