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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
Furthermore according to [1], NB-IOT should have a single synchronization signal design for the different modes of operation, including techniques to handle overlap with legacy LTE signals
A narrowband LTE based solution (called NB-LTE) was proposed and included in [3], and is now under investigation under the NB-IOT work item [1]. The document [4] provided an updated high level description of the random access concept in NB-LTE such as the subcarrier spacing and multiplexing. 
[bookmark: _Ref429119571]In this contribution, we provide evaluation results comparing two different carrier-spacing alternatives for NB-IOT in Downlink in in-band deployments. In particular, the M-PDSCH performance between 15 kHz carrier spacing where full orthogonality with LTE is preserved, and 3.75 kHz carrier spacing with the exposure to interference from the LTE carrier is presented with 10 interfering LTE PRBs on each side of the NB-IoT band.
No special Tx filter was used. For the NB-IoT receiver, a RRC filter, with a roll-off of 0.1, was used.
The evaluation was done for MCL 144, 154, 164 and with power boosting NB-IoT by 0, 3 and 6 dB, except for MCL 164 where only the 6 dB boosting result is provided.



Performance Evaluation
For a fair comparison of the two carrier spacing, and to avoid the discussion on how to implement 3.75 kHz spacing to minimize interference on LTE, the same overhead has been used as in the Guard band scenarios for both 15 kHz and 3.75 kHz. This means, no PDCCH and the NB-IoT pilots are assumed to be the same as in standalone. Thus this study focuses on the impact of non-orthogonality with the In-band LTE system.
As mentioned in [10], the performance differences between 15 kHz and 3.75 kHz are either due to the baseband algorithms behaviour or the increased interference from the LTE system.
Table 1, below, summarizes the simulation parameters that have been used in the evaluation. See [10] for more explanations.
Table 1
	Parameter
	Value

	Channel model
	TU

	Doppler spread
	1 Hz

	Antenna configuration
	2 Tx; 1 Rx

	Timing uncertainty
	Randomly drawn from [-2.5 us, +2.5 us]

	Frequency error
	Uniformly drawn from the set {-50 Hz, 50 Hz}

	Scenarios
	In-band

	LTE Tx Power per 180kHz
	29 dBm

	NB-IoT power boosting
	0 dB, 3 dB, 6 dB 

	Coverage scenarios
	MCL 144, 154, 164. See table 5 in [10]

	RX filter
	RRC, roll off 0.1

	TX filter
	None

	Nr of Interfering PRB
	10 on each side of the NB-IoT bandwidth



In-band 
MCL 144
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MCL 154
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MCL 164
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Conclusions
The In-band curves above are very similar to their counterparts from the two guard band scenarios presented in [10] . The reason for this is that the difference between 15 kHz and 3.75 kHz is mainly due to the baseband algorithms performance and not to the interference from the LTE system.
In other words, the RRC receiver filter removes most of the LTE interference. This conclusion will be also valid for 0 dB and 3 dB boosting at coverage MCL 164, since the number of repetitions will be even higher, averaging out even more the interference from the LTE system.
The conclusions are then the same as for the Guard band scenarios in [10].
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