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1.	Introduction
The revised WI proposal to support Narrowband Internet of Things (NB-IoT) was approved at RAN#70 [1]. One objective of the WI is to specify the core requirements for Base Station (BS) radio transmission and reception for NB-IoT.
The NB-IoT BS core requirements were completed in RAN4#79. It was discussed in RAN4 that NB-IoT guard-band operation with ≤ 5 MHz E-UTRA channel bandwidth would be challenging [2-4], and it was agreed [5] that ‘For guard-band operation mode with 5 MHz CBW, in Release 13 it is decided manufacturer can declare any power boosting level which BS can perform, while in Release 14 specific boosting level may be specified. Guard-band operation mode with 1.4/3 MHz CBW is FFS.’
As power boosting is required to enhance the NB-IoT coverage, a smaller or zero (or even negative) power boosting level may negatively  impact the practical network deployment of NB-IoT. In this paper, we discuss other alternatives to allow NB-IoT guard-band operation with 5 MHz E-UTRA channel bandwidth, instead of using a manufacturer declared level of power boosting.

2.	Discussion
[bookmark: _Toc306263746]The restrictions for guard band NB-IoT’s filter pass-band extension are no serious problem with 10, 15 or 20 MHz E-UTRA channel bandwidth. But other E-UTRA options with lower channel bandwidth have too little room to host one NB-IoT channel inside its guard band. For instance, nominal 1.4 and 3 MHz E-UTRA options only have, respectively, 160 kHz and 150 kHz guard-band at each side of the Transmission Bandwidth Configuration, thus won’t have sufficient guard-band to host the 180 kHz NB-IoT carrier.
Figure 1 illustrates the situation for the 5 MHz E-UTRA DL option. The outermost E-UTRA subcarrier is centered at 2250 kHz off the E-UTRA center frequency. In order to be aligned with the 100 kHz channel raster (-7.5 kHz offset is tolerated), NB-IoT is centered at 2392.5 kHz from the E-UTRA center. The furthest distant 15 kHz NB-IoT tone is 2475 kHz off the E-UTRA center. Thus, the upper pass band edge is 2.4825 MHz relative to E-UTRA center.
Since filter stop-band requirements shall be fulfilled at 2.5 MHz, only 17.5 kHz are left for filter roll-off. This would require extremely a long filter impulse response with a lot of filter taps. Even if this huge effort was spent in hardware, the long impulse response would eat up the cyclic prefix and create multiple inter-symbol-interference.
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[bookmark: _Ref449460022]Figure 1: Closest NB-IoT guard-band channel location with 5 MHz E-UTRA DL

To solve this problem for DL, a frequency shift of -100 kHz can be applied to the 5 MHz E-UTRA Transmission Bandwidth Configuration and consequently also to the NB-IoT carrier [4]. As a result, both carriers are still centered on the 100 kHz channel raster. Instead of 17.5 kHz before, now 117.5 kHz are available for filter roll-off, which is a feasible value. On the other side of the 5 MHz E-UTRA channel without NB-IoT carrier, the -100 kHz shift decreases the range for roll-off from 242.5 kHz to 142.5 kHz. Consequently, even a symmetric filter with 117.5 kHz filter roll-off can be applied.
Though this option constitutes a valid solution for DL, the situation for UL is not satisfactory. A shift of -100 kHz may cause significant interference to the adjacent frequency block. Since the legacy E-UTRA UEs are allowed to occupy a 5MHz block, no frequency shift can be applied to them.
Usually UL is set up with a fixed duplex distance. This duplex distance applies to all carriers of one band in the same way. However, in the case of NB-IoT guard-band operation with 5 MHz E-UTRA, the gap of 4 unused subcarriers (as shown in Figure 2) is a waste of spectrum. On the other hand, eNodeB may signal a different duplex distance, e.g. via E-UTRA system information, to the UE for the UL which compensates the frequency shift of -100 kHz for the 5 MHz E-UTRA UL and/or closes above gap between the E-UTRA and NB-IoT carriers. Consequently, the E-UTRA UL would be centered in the middle of its original 5 MHz block and/or may sit adjacent to the E-UTRA UL according to the frequency offset. This extends the roll-off region from 10 kHz to 70 kHz. If PUCCH over-provisioning is enabled for the E-UTRA UL, the NB-IoT UL may shift even further towards the E-UTRA center.
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Figure 2: Closest NB-IoT guard-band channel location with 5 MHz E-UTRA UL

Alternatively, the offset in the duplex distance may be utilized to cause overlapping between the 5 MHz E-UTRA UL and NB-IoT UL frequency region. Because of asymmetric load in the hosting E-UTRA system, there may be unused E-UTRA UL resource blocks, or even NB-IoT in-band operation may be performed instead of NB-IoT guard-band operation for the UL. For example, if three 15 kHz subcarriers from the E-UTRA and/or NB-IoT carrier are blanked out, the NB-IoT UL would sit adjacent to E-UTRA UL, and the NB-IoT UL channel can be shifted -100 kHz which extends the roll-off region from 10 kHz to 110 kHz.

3.	Conclusion
In this paper, we have discussed other alternatives to allow NB-IoT guard-band operation with 5 MHz E-UTRA channel bandwidth, instead of using a manufacturer declared level of power boosting which may negatively  impact the practical network deployment of NB-IoT.
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