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1 Introduction
In RAN plenary #69 the new work item Narrowband IoT was approved for the support of massive number of devices in narrow bandwidth. This WI has been revised during last RAN#70 [1]. According to the work item description, the objective is to specify a radio access for cellular internet of things. NB-IOT supports different operation modes including stand-alone operation, in-band operation and guard-band operation. 

During last RAN4#AH-31967 meeting, a way forward [2] has been endorsed to define NB-IoT BS RF core requirements. One of the transmitter requirements that need further investigations is the unwanted emission mask. This contribution exposes our proposal on this topic.
2 Discussion
2.1 NB-IoT operating in band and guard band

As agreed during last Ad Hoc meeting in Budapest and reported in the way forward [2], all companies agreed to not change LTE operating band unwanted emissions requirements. 
When NB-IoT is operating in band, one LTE PRB is punctured and replaced by NB-IoT. Even if boosted, RAN4 investigated feasibility and concluded there is no impact on existing LTE requirements, including unwanted emissions (ref to [4]).

Proposal 1: When NB-IoT is operating in band, it shall fulfil LTE unwanted emission requirements.
When NB-IoT is operating in LTE guard band, it has been agreed LTE unwanted emissions requirements shall be observed for such operations as well. Any position won’t be suitable: if too close to the bandwidth edge, it could violate the unwanted emissions mask as defined in [3]. This would require further investigations to check which position in guard band is possible, depending on LTE bandwidth, base station design, ... 

Proposal 2: When NB-IoT is operating in guard band, it shall fulfil LTE unwanted emission requirements.

2.2 NB-IoT operating standalone

For standalone operation, the revised WI [1] mentions the following: “specify RF requirements to meet (a) GSM mask relevant for NB-IoT or MSR spectral mask depending on the BS operational configuration”. 

2.2.1 MSR Base Station

When NB-IoT BS is multi-standard, operating also with another RAT (LTE, UMTS or GSM), as suggested by [1], we propose to reuse the MSR requirements specified in [6]:

· Foffset,RAT = 200 kHz.

· The mask defined in table 6.6.2.2.-2 for GSM and E-UTRA 1.4 and 3MHz carriers adjacent to the RF bandwidth edge:
Table 6.6.2.2-2: Wide Area operating band unwanted emission limits for operation in BC2 with GSM/EDGE or E-UTRA 1.4 or 3 MHz carriers adjacent to the RF bandwidth edge 
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement (Note 5, 6, 7)
	Measurement bandwidth (Note 10)

	0 MHz ( (f < 0.05 MHz
	0.015 MHz ( f_offset < 0.065 MHz 
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	30 kHz 

	0.05 MHz ( (f < 0.15 MHz
	0.065 MHz ( f_offset < 0.165 MHz 
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When doing the coexistence studies, we already checked MSR requirements guaranty coexistence with LTE, refer to [7] and [8].

Proposal 3: When NB-IoT is operating in standalone with MSR BS, it shall fulfil MSR unwanted emission requirements.

Moreover, as NB-IoT is supposed to operate in any band and not only in GSM ones, we propose to use NB-IoT MSR mask not only to bands belonging to BC2, but to all categories (BC1, 2 and 3).
Proposal 4: The NB-IoT MSR UEM and FoffsetRat shall be valid for BC1, 2 and 3.
2.2.2 NB-IoT Base Station only

The WID [1] suggests meeting a GSM mask relevant for NB-IoT.

One option would be to consider the GSM mask, as defined in [9]. This mask is quite complex and has the specificity to be dynamic, depending on the BS output power. 
We analysed in our coexistence simulations reports ([7] and [8]) if GSM mask would be sufficient alone to guaranty coexistence with LTE. We ran simulations (assuming NB-IoT and LTE transmission bandwidth would be adjacent) and we observed a considerable impact of NB-IoT on LTE: a 100 kHz guard band would be required in between the 2 systems. This means that, to protect LTE guard band from any interference from NB-IoT, an additional 100 kHz guard band would be necessary in addition to the GSM mask specifications.
Considering those 2 elements (mask complexity and additional guard band needed), we are proposing to reuse the MSR requirements by extending their definition (see 2.2.3) when the base station is NB-IoT only as well. 

Proposal 5: When NB-IoT is operating in standalone with NB-IoT only BS, it shall fulfil adapted MSR unwanted emission requirements as well.

2.2.3 Adapted MSR requirements for NB-IoT BS only

We are proposing reusing MSR requirements according the following:
· FoffsetRAT=200 kHz on both side.

· Unwanted emissions mask as defined in [6] table 6.6.2.2.-2 on both side.

This is illustrated on the following Figure 1:
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Figure 1: MSR requirements for NB-IoT standalone

Proposal 6: The adapted MSR unwanted emission requirements for NB-IoT standalone are considering FoffsetRat=200 kHz on both side of NB-IoT carrier and considering MSR UEM on both side of NB_IoT bandwidth.
3 Conclusion
In this contribution we investigated unwanted emissions requirements for NB-IoT types of operation. 
Proposal 1: When NB-IoT is operating in band, it shall fulfil LTE unwanted emission requirements.

Proposal 2: When NB-IoT is operating in guard band, it shall fulfil LTE unwanted emission requirements.
Proposal 3: When NB-IoT is operating in standalone with MSR BS, it shall fulfil MSR unwanted emission requirements.

Proposal 4: The NB-IoT MSR UEM and FoffsetRat shall be valid for BC1, 2 and 3.
Proposal 5: When NB-IoT is operating in standalone with NB-IoT only BS, it shall fulfil adapted MSR unwanted emission requirements as well.

Proposal 6: The adapted MSR unwanted emission requirements for NB-IoT standalone are considering FoffsetRat=200 kHz on both side of NB-IoT bandwidth and considering MSR UEM on both side of NB_ioT bandwidth.
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