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1
Introduction
This paper follows the discussion on leakage modeling of in-band NB-IOT [1] to extend the discussion to guard band NB-IOT operations.
As discussed in [1], there will be two possible UL waveform designs, following RAN1 decision:
1. Multi-tone: 15 kHz spacing with SC-FDMA like design;
2. Single tone: 3.75 kHz and 15 kHz carriers.
On coexistence study for guard band operations, there is an agreed WF on power leakage modeling [3].  This contribution provides more detailed discussion on leakage modeling for guard band NB-IOT and co-existence simulation study.
2
Leakage power model for guard band operation
2.1
Leakage power model for multi-tone

The detailed discussion on the leakage power model can be referred in [2].  

The power leakage from NB-IOT PRB (or 180kHz) in LTE’s guard band operation can be shown in Table 1 for 10MHz LTE.  Here we assume that NB-IOT PRB is adjacent to LTE’s PRB (the 49th PRB for 10MHz system bandwidth) without any frequency separation.
Table 1    Power Leakage of NB-IOT for guard band operation

	PRB #
	Leakage Power (dB)

	50 (NB-IOT)
	0.0

	49
	-15.7

	48
	-25.8

	47
	-29.7

	46
	-32.3

	45
	-34.3


The power leakage from LTE to NB-IOT can be listed in Table 2, as a function of number of “guard PRB”, which serves as the frequency separation between NB-IOT and LTE’s PRB.  
Table 2    LTE Power Leakage for NB-IOT Guard Band Operation

	N. of Guard PRB
	Leakage Power (dB)

	0
	-15.2

	1
	-22.4

	2
	-24.9


2.2
Leakage power model for single tone

As discussed in [1], the WF of [3] indicates two approaches to model power leakage between NB-IOT and LTE.  One method is PRB-based, which is quite similar to the leakage model discussed in Section 2.1.  The other approach, which is based on single tone power leakage, will yield different estimation of power leakage.

The detailed power leakage values for tone based approach are provided here.

Table 3 shows the power leakage from NB-IOT to LTE, when the NB-IOT is deployed with 0 Hz separation from LTE’s PRB.  The leakage power is estimated based on per tone, as indicated in [3].  The “No. PRB” is the indices of the victim LTE PRB, and the “Tone n” is the aggressor NB-IOT tone with 3.75kHz single tone waveform.  Tone 0 is the closest tone to the victim PRB (No. 49 PRB), and Tone 1 is the second closest tone, in the NB-IOT 180kHz bandwidth.  One NB-IOT filtering is assumed in the estimation of leakage values.
Table 3    NB-IOT => LTE leakage with single tone

	 
	Power Leakage (dB)

	No. PRB
	Tone 0
	Tone 1
	Tone 2
	Tone 3

	49
	-27.9
	-32.4
	-34.6
	-36.2

	48
	-50.3
	-50.4
	-50.6
	-50.7

	47
	-55.0
	-55.1
	-55.2
	-55.3

	46
	-58.0
	-58.1
	-58.1
	-58.2


The leakage of LTE to NB-IOT in guard band operation is shown in Table 4.  We also assumes that the NB-IOT is deployed with 0Hz separation from LTE.  Tone 0 is the first tone, which is closest tone (3.75kHz away) to the LTE.  The leakage value is the interference from LTE with 10MHz system bandwidth.  
Table 4    LTE ( NB-IOT leakage for single tone (3.75kHz spacing)

	Tones
	Leakage (dB)

	0
	-9.1

	1
	-39.6

	2
	-12.4

	3
	-10.5

	4
	-14.5

	5
	-39.6

	6
	-15.8


The leakage shown in Table 4 does not differentiate specific PRB interference.  The leakage from LTE is considered as the accumulation power leakage from all LTE PRB.

3
Uplink co-existence simulation results for guard band NB-IOT
(to be updated)
4
Discussions
The updated power leakage model between guard band NB-IOT and LTE is discussed in the paper.  The single-tone based leakage model is provided with leakage values.

The leakage model shall be applied to the co-existence simulation to study potential impact between LTE and guard band NB-IOT.
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