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1
Introduction
NB-IOT co-existence study for in-band and guard band operations needs the power leakage model to capture the interference between NB-IOT and LTE PRBs.  However, at current stage, there is no agreed power leakage model.  Based on the agreed WF [1] in last RAN4 meeting:
· Companies will share power leakage levels over email after this meeting, and try to come up with an agreeable set of power leakage levels which will be used for all companies to do the simulations.
So far there was an effort to capture the proposed power leakage levels from companies.  Further agreements on power leakage model is still open.

This contribution is based on our previous contributions [2][3] on power leakage.  First the impact of pulse shaping for single-tone NB-IOT is discussed.  Then we update our power leakage levels for single-tone NB-IOT.
2
UL NB-IOT Waveform

It has been agreed that only uplink shall be studied for NB-IOT co-existence study with in-band and guard band operations.  There are two UL waveform designs:

1. Multi-tone: 15 kHz spacing with SC-FDMA design;

2. Single tone: 3.75 kHz and 15 kHz carriers

As indicated in our previous contribution [3], the leakage impact of the two UL waveforms will be different.  For multi-tone uplink waveform, the power leakage is identical to that of the single PRB interference in LTE uplink.  If there is perfect synchronization, there will be no interference between multi-tone NB-IOT and LTE due to the orthogonality.

For single tone, however, the NB-IOT waveform is not orthogonal to the LTE PRBs.  The power leakage model for single tone is more critical for the co-existence study.
There are at least two approaches to generate single tone NB-IOT waveform, for the purpose of Tx power leakage study.  
1. The first approach is to utilize the DFT-S-OFDM approach, where only 1 tone out of 48-tones (3.75kHz) is used.  No filtering is applied after the FFT.  The time-domain samples will be forward to DAC to drive RF chain.  
2. The second approach follows the typical implementation of single-carrier modulation, where the modulated signal with 3.75 kHz sampling rate will pass a pulse shaping filter.
A realistic implementation of single tone NB-IOT will likely use the second approach.  One Tx filtering will be used to shape the single-tone Tx frequency property and PAPR performance.  From theoretical point of view, the first approach can be considered as an equivalent of single-tone transmission with a pulse shaping, where the pulse shaping will be like a “sinc-function” in time-domain.  

3
Power leakage model for multi-tone

The model for multi-tone NB-IOT is actually the interference model of single PRB to other LTE PRBs, given that 15kHz sub-carrier spacing is used.  The power leakage model for multi-tone can be referred to [2], with detailed discussion on the PSD measurement.  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 [2], 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 to 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.  
The LTE’s impact to NB-IOT is shown as the power leakage of LTE to an in-band PRB.  As discussed in [2], 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


For guard-band operation, the similar model can be easily extended when the NB-IOT’s PRB is adjacent to LTE’s PRB.  The power leakage of an adjacent PRB NB-IOT to neighbor PRBs can be referred to Table 1.  
4
Power leakage model for single-tone with 3.75kHz

The power leakage from NB-IOT to LTE PRB is updated in Table 3, with one applied Tx filtering.

Table 3    NB-IOT => LTE PRB Power leakage (3.75kHz)

	PRB
	Tone 0
	Tone 1
	Tone 2
	Tone 3
	Tone 4
	Tone 5
	Tone 6
	Tone 7

	1
	-27.8
	-32.0
	-34.2
	-35.7
	-36.9
	-37.8
	-38.6
	-39.3

	2
	-49.8
	-49.9
	-50.1
	-50.2
	-50.3
	-50.4
	-50.6
	-50.7

	3
	-54.5
	-54.6
	-54.7
	-54.8
	-54.8
	-54.9
	-55.0
	-55.0

	4
	-57.5
	-57.6
	-57.6
	-57.7
	-57.7
	-57.8
	-57.8
	-57.9


The power leakage from LTE to NB-IOT at per-tone basis is updated in Table 4.  The impact of all 48 tones is listed in the table.
Table 4    LTE PRB ==> NB-IOT power leakage (3.75kHz)

	 
	Leakage power (dB)

	Tones
	0
	1
	2
	3
	4
	5
	6
	7

	0~7
	-8.9
	-40.9
	-12.3
	-10.3
	-14.1
	-40.9
	-15.7
	-13.1

	8~15
	-16.4
	-40.9
	-17.6
	-14.8
	-18.0
	-40.9
	-19.0
	-16.0

	16~23
	-19.1
	-40.9
	-20.0
	-17.0
	-19.9
	-40.9
	-20.9
	-17.8

	24~31
	-20.7
	-40.8
	-21.6
	-18.5
	-21.3
	-40.8
	-22.3
	-19.1

	32~39
	-21.8
	-40.8
	-22.9
	-19.6
	-22.3
	-40.8
	-23.4
	-20.0

	40~47
	-22.7
	-40.8
	-23.8
	-20.5
	-23.1
	-40.8
	-24.3
	-20.8


5
Conclusion
Detailed power leakage model is provided in the contribution for co-existence study of NB-IOT in-band and guard band operations. The power leakage values are listed in tables based on PSD from periodogram measurement.  It is proposed to use the power leakage model for in-band and guard band co-existence study.
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