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1 Introduction

At RAN4#77 meeting, coexistence study assumptions and methodology for NB-IoT were discussed [1][2]. 

At RAN#70 meeting, the update WID of NB-IoT was approved [3] where uplink numerology of NB-IoT is stated as follows,
· For the uplink: 

· Single tone transmissions are supported. Two numerologies should be configurable by the network for single-tone transmission: 3.75 kHz and 15 kHz. A cyclic prefix is inserted. Frequency domain sinc pulse-shaping in the physical layer description.

· Multi-tone transmissions are supported, based on SC-FDMA with 15 kHz UL subcarrier spacing.
· FFS: Additional mechanisms for PAPR reduction.

· The UE shall indicate the support single-tone and/or multi-tone, details to be discussed by RAN WGs

In this contribution, we propose the uplink coexistence simulation results between NB-IoT and legacy LTE for guard band operation. Single-tone transmission with numerology of 3.75 kHz is studied.
2 Discussion
2.1 Simulation cases
Simulation cases for the uplink are summarized in Table 1.
Table 1 Simulation cases
	Cases
	Aggressor
	Victim

	1
	NB-IoT
	LTE

	2
	LTE
	NB-IoT


2.2 Power leakage model

In this paper, firstly we model the power leakage between NB-IoT and LTE by their signal waveforms which is similar as the method in [4] and no additional filtering is assumed. Then the model is applied to system simulation to get the coexistence simulation results. The NB-IoT tone index is numbering from 0 to 47 which represent the lowest frequency and highest frequency of tones deployed in the LTE guard band (i.e. close to the LTE PRB 49).
For the power leakage from NB-IoT to LTE, the leakage is observed per LTE PRB and summarized in Table 2 as follows, 
Table 2 Power leakage from NB-IoT to LTE, guard band
	LTE PRB index
	NB-IoT leakage (dB)

	49
	< -21

	48
	< -32

	47
	< -37

	others
	< -40


For the power leakage from LTE to NB-IoT, the leakage is observed per NB-IoT tone and summarized as follows, 
Table 3 Power leakage from LTE to NB-IoT, guard band
	NB-IoT tone index
	LTE Leakage (dB)

	0
	< -5

	3,4,7,8
	< -10

	1,2,11,12,15,16,19,20,23,24,27,28
	< -15

	5,6,9,10,13,14,31,32,35,36,39,40,43,44,47
	< -20

	17,18,21,22,25,26,29,30,33,34,37,38,41,42,45,46
	< -25


2.3 Simulation results
Target SINR of open power control for NB-IoT is assumed to 15dB with full path-loss compensation [1].
2.3.1 Case1: NB-IoT aggressor, LTE victim
For carrier frequency of 900MHz and 2000MHz, the LTE PRB SINR distribution is shown in Figure 1 and Figure 2 respectively.
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Figure 1 LTE PRB SINR distribution, 900MHz
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Figure 2 LTE PRB SINR distribution, 2000MHz
2.3.2 Case2: LTE aggressor, NB-IoT victim
For carrier frequency of 900MHz and 2000MHz, the NB-IoT SINR distribution is shown in Figure 3 and Figure 4 respectively.
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Figure 3 NB-IoT SINR distribution, 900MHz
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Figure 4 NB-IoT SINR distribution, 2000MHz
3 Conclusions
In this contribution we presented uplink coexistence simulation results between NB-IoT 3.75 kHz single-tone transmission and LTE for in-band operation. The observations and proposal are summarized as follows,
Observation 1: The impact on LTE PRB due to the power leakage from NB-IoT is minor even without additional filtering.
Observation 2: The impact on NB-IoT due to the power leakage from LTE is less than 0.5dB when SINR is high and insignificant when SINR is low at extended coverage even without additional filtering.
Proposal 1: RAN4 approves to capture the above uplink coexistence simulation results for guard band operation.
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