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1. Introduction
In RAN4#78 NB-IoT AH IBE WF was agreed [2]. WF states the baseline for in-band emission requirements. The baseline was converted from LTE requirement. In this paper we discuss the applicability of the base line.
2. Discussion

LTE IBE is defined for each RB. One RB consists of subcarriers. The emissions at the edge of the RB is almost completely coming from emissions from the edge most subcarrier. This is why spectrum of LTE RB has a flat top and steep roll off. For NB1 tone, the rolloff is quite different and it seems based on our evaluation that the baseline is not applicable for NB1 as such. The baseline formula is plotted in Figure with black + signs..
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Figure 1 In-band emission requirement baseline with NB1 spectrum. Corresponding curve is plotted red
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Figure 2 In-band emission requirement baseline with NB1 spectrum. Corresponding curve is plotted yellow

The NB1 spectrum violates the baseline in.band emission requirement for all tones. 

We modified the baseline formula to suit better for NB1
Baseline = max{- 25 - 10*log10(Ntone/LCtone), 20*log10EVM – 3 – 5*(|Dtone| - 1)/LCtone, - 57dBm/(3.75 or 15kHz) – Ptone}
Modified = max{(- 11 / -6) - 10*log10(Ntone/LCtone), – 3 – 8*(|Dtone| - 1)/LCtone, - 57dBm/(3.75 or 15kHz) – Ptone}
First we took away the EVM since the EVM is same for all modulations so it can be replaced with constant but since the nature of subcarrier emissions, it would be too aggressive to add constant above already existing -3 to the formula so instead, we compensate the EVM term by changing the slope term from 5 to 8.

The floor term, -25 is replaced by -11 for 15 kHz tone spacing and -6 for 3.75 kHz tone spacing. This is due to higher sidelobes from one subcarrier. Al alternative would to have lower slope or then split the formula in to two parts but it would complicate the already complex formula. We also this that this formula should provide enough protection to the other tones. IBE with modified formula vs NB1 spectrum is shown in Figures 3 and 4.
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Figure 3 IBE from modified formula vs NB1 spectrum. Corresponding PSD is plotted with red

[image: image4.emf]-1.5 -1 -0.5 0 0.5 1 1.5

Frequency [Hz]

10

5

-5

0

5

10

15

20

25

P

S

D

 

[

d

B

]

NB-IoT:15kHz Tones:1 1st tone pos:7 Modulation:pi/4-QPSK Pout=24 dBm

Signal PSD at0.11212 kHz

Signal PSD at3.75 kHz

Signal PSD at15 kHz

Signal PSD at30 kHz

Signal PSD at180 kHz

NB-IoT Mask

GSM ACLR


Figure 4 IBE from modified formula vs NB1 spectrum. Corresponding PSD is plotted with yellow
Modified and baseline formulas were also verified for multitoned case, for three tone allocation the IBE formulas are plotted in Figure 5.
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Figure 5 Modified formula (a) and baseline formula (b) for three tone allocation
After analysing the baseline and modified formula, we propose:

Proposal: Use formula below for  NB1 general in-band emission requirements.
In-band emission  = max{(- 11 / -6) - 10*log10(Ntone/LCtone), – 3 – 8*(|Dtone| - 1)/LCtone, - 57dBm/(3.75 or 15kHz) – Ptone}
3. Conclusion

Baseline formula from WF from Kista [2] was studied and a modification is proposed:
Proposal: Use formula below for  NB1 general in-band emission requirements.
In-band emission  = max{(- 11 / -6) - 10*log10(Ntone/LCtone), – 3 – 8*(|Dtone| - 1)/LCtone, - 57dBm/(3.75 or 15kHz) – Ptone}
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