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[bookmark: _Ref409106980]Introduction
At RAN#69, a new work item named “NarrowBand IOT (NB-IOT)” was approved, see [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
[bookmark: _Ref426290311]The design of NB-IoT uplink currently includes two options: SC-FDMA, and FDMA with GMSK modulation. In this contribution, we analyze the impact of the guard band operation mode for both the uplink designs on an LTE system. The simulation assumptions are based on [2].
This contribution is an update of [3] including updated simulation results for FDMA with GSMK as an interferer.
Discussion
In this section we provide link-level simulation results that measure the impact of NB-IOT uplink transmission on the uplink transmission from a LTE UE. We analyze both uplink design options, i.e. SC-FDMA with 2.5 kHz subcarrier spacing, and GMSK with 5 kHz channel spacing. For the uplink based on SC-FDMA, we assume that half of the NB-IOT system bandwidth (i.e. 36 subcarriers) is occupied. On the other hand for uplink based on GMSK, we assume a single NB-IOT channel is occupied (5 MHz) without any channel bonding. In both the cases, the location of the NB-IOT transmission is adjacent to the LTE transmission in frequency (i.e., no guard interval is employed). In 2.1, we evaluate the impact of NB-IOT transmission on LTE for a typical NB-IOT SNR of 5 dB.
1.1 [bookmark: _Ref434588370]Guard band operation
The simulation results for provided in Figure 1 There is a negligible impact of guard band NB-IOT transmission on LTE PUCCH for both the proposed SC-FDMA and GMSK design options. for PUCCH Format 1b transmission. It is observed that the NB-IOT transmission has small impact on the LTE uplink for guard band operation as well.
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[bookmark: _Ref434589933]Figure 1 There is a negligible impact of guard band NB-IOT transmission on LTE PUCCH for both the proposed SC-FDMA and GMSK design options.
Simulation Parameters
In addition to the simulation parameters described in [2], the following parameters have been used:
	Parameter
	Value

	NB-IOT Occupancy (SC-FDMA design)
	36 subcarriers (90 kHz bandwidth)

	NB-IOT Occupancy (GMSK design)
	Single GMSK carrier (5 kHz bandwidth)

	Frequency error, LTE UE
	90 Hz

	Frequency error, NB-IOT UE (SC-FDMA)
	95 Hz

	Timing error, NB-IOT UE (SC-FDMA)
	2.5 µs
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