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1
Introduction
This contribution provide further analysis on leakage analysis for in-band operation of NB-IOT under the NB-IOT WI [1], following our discussion paper on power leakage modeling [2].
During the NB-IOT ad hoc meeting, there is an agreed WF [3] on power leakage modeling.  Based on the WF [3], there are at least two modelling methods for 3.75kHz spacing single tone operation.  We provides further analysis on these modelling approaches.
For simulation methodology on co-existence study, we follows the general agreed approached in [4].  The simulation methodology shall include these steps, as indicated in [4]:
1. Computing the amount of power leakage:

a. From NB-IOT to the N-th adjacent LTE PRBs. 

b. From LTE to NB-IoT.

This step does not involve MonteCarlo simulation.

2. Use system level MonteCarlo simulation to compute:

a. the SINR distribution at n-th adjacent LTE PRB

b. SINR distribution for NB-IoT users

3. Determining the degradation:

a. LTE throughput degradation due to NB-IOT

b. NB-IoT degradation
This paper follows the methodology and provides more details on the simulation process to evaluate in-band operation.  For power leakage, PSD estimation is used to evaluate power leakage for in-band operation, for both multi-tone and single tone UL options.
2
Design UL NB-IOT Waveform

Based on the RAN1 agreements [5], there will be two possible UL waveform designs:
1. Multi-tone: 15 kHz spacing with SC-FDMA like design;
2. Single tone: 3.75 kHz and 15 kHz carriers.
These two uplink designs will have different uplink impact, which shall validate different treatments in the co-existence study.  We shall study the potential impact of the two types of uplink waveform by addressing the UL power leakage between systems.
Please also note that RAN1 has not finalized uplink design, which may eventually impact RAN4 co-existence study.
3
Modeling of Power Leakage

3.1
Modeling of Power Leakage for multi-tone

The detailed discussion on the PSD measurement on power leakage for multi-tone can be referred to [3].  The power leakage between NB-IOT and LTE is evaluated as the power leakage between 1 in-band PRB (NB-IOT) and the remaining PRBs of LTE.  From [3], the power leakage of one PRB (NB-IOT) to the neighbor PRB are estimated in Table 1, which indicates the leaked power at the n-th adjacent PRB.
Table 1    Power Leakage of NB-IOT at Neighbor PRBs

	PRB neighbor
	Leakage Power (dB)

	0
	0.0

	1
	-15.7

	2
	-25.8

	3
	-29.7

	4
	-32.3

	5
	-34.3

	6
	-35.9

	7
	-37.3


Note that the power leakage if a function of the n-th adjacent PRB, following the methodology defined in [4].  
The LTE’s impact to NB-IOT is shown as the power leakage of LTE to an in-band PRB.  As discussed in [3], the estimated power leakage based on PSD measurement is shown in Table 2.  Note that the leakage from LTE depends on the location of NB-IOT PRB.  For 10MHz LTE system (50PRB), if the allocated NB-IOT PRB is at the edge (0th or the 49th PRB) or near the edge of the system bandwidth, the LTE’s interference will be different from that of NB-IOT PRB is in the middle of 50 PRBs.
Table 2
LTE( NB-IOT Power Leakage

	NB-IOT PRB #
	Leakage Power (dB)

	0; 49
	-15.2

	1; 48
	-12.6

	others
	-12.3


3.2
Modeling of Power Leakage for single-tone with 3.75kHz spacing

As indicated in the WF [3], there are 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 3.1.  The other approach, which is based on single tone power leakage, will yield different estimation of power leakage.
As indicated in [3], the tone-based power leakage modeling shall consider
· Power leakage from each NB-IoT tone to each LTE PRB:
· 48 (tones) to 49 (PRB) --- In-band
· 48 (tones) to 50 (PRB) --- Guard-band
· Power leakage from each LTE PRB to each NB-IoT tone:
· 49 (PRB) to 48 (tones) --- In-band
· 50 (PRB) to 48 (tones) --- Guard-band
Table 3    Power Leakage from NB-IOT to LTE PRB at tone-basis (3.75 kHz spacing)

	
	Power Leakage (dB)
	

	neighbor PRB
	Tone 0
	Tone 1
	Tone 2
	Tone 3

	1
	-27.9
	-32.4
	-34.6
	-36.2

	2
	-50.3
	-50.4
	-50.6
	-50.7

	3
	-55.0
	-55.1
	-55.2
	-55.3

	4
	-58.0
	-58.1
	-58.1
	-58.2


The tone-based power leakage values are shown Table 3 for one side of interference.  For simplicity we only show 4 tones, which are close to the neighbor LTE PRBs in one side.  There will be 48 tones for 3.75kHz spacing.  Note that a specific pulse shaping is applied in the calculation of power leakage, which is dependent on the choice of uplink filtering.

The LTE to NB-IOT impact at per-tone basis is shown in Table 4.

Table 4    Power Leakage from LTE (10MHz) to NB-IOT single tone (3.75 kHz spacing)

	Tones
	Leakage (dB)

	0
	-8.8

	1
	-39.3

	2
	-12.0

	3
	-10.0

	4
	-13.7

	5
	-39.3

	6
	-15.0


Note Tone 0 is the tone that is closest to LTE PRB in the NB-IOT PRB (or 180kHz).  Tone 1 is the second tone and so on.  
4
Simulation results

(to be updated)
5
Discussions
The updated power leakage model between in-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 in-band NB-IOT.
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