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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 Base Station (BS) radio transmission and reception for NB-IoT, including the BS emission mask.
In this paper, we provide our recommendations to specify the emission masks for NB-IoT BS.

2.	Discussion
[bookmark: _Toc306263746]As stated in the WIDS, NB-IoT should support 3 different modes of operation: 
1.	‘Stand-alone operation’ utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers, as well as scattered spectrum for potential IoT deployment.
2.	‘Guard band operation’ utilizing the unused resource blocks within a LTE carrier’s guard-band 
3.	‘In-band operation’ utilizing resource blocks within a normal LTE carrier.
In the following, we discuss the emission masks that should be specified for each of these operation modes.

2.1	In-band operation

For in-band operation, the NB-IoT is using the PRBs within a normal LTE carrier. It is logical to reuse the existing E-UTRA Category A and Category B emission masks (as specified in clause 6.6.3 of TS 36.104 [2]) and the existing MSR emission masks (as specified in clause 6.6.2 of TS 37.104 [3]). This will ensure the continuous coexistence between NB-IoT and adjacent systems.
Note that E-UTRA Category A and Category B Option 1 masks should be kept as options, in order to allow NB-IoT operation within legacy Rel-8 E-UTRA BS, as MSR BS was only specified in Rel-9. Also as agreed in [4], in-band power boosting should be limited to 6dB for NB-IoT, and the total output power should not exceed the rated output power of the BS, otherwise the existing emission masks may not be fulfilled.

2.2	Guard-band operation

For guard-band operation, there is no existing requirement in the 3GPP standards for this scenario. Since there is an extra NB-IoT PRB outside the normal transmission bandwidth configuration of the BS, reusing the existing E-UTRA Category A and Category B emission masks and the existing MSR emission masks would mean a more demanding scenario in terms of design and implementation of various BS components, including but not limiting to clipping and digital-pre-distortion algorithms, PA (shared and separate PAs), TX filter (offsets from the edge of the LTE carrier) and antenna sharing. On the other hand, the continuous coexistence between NB-IoT and adjacent systems must also be ensured.
As a compromise, the existing E-UTRA Category A and Category B emission masks and the existing MSR emission masks should be reused in NB-IoT operation in guard-band when the channel bandwidth of the host LTE carrier is larger than 5 MHz, while an extra frequency offset of 200 kHz should be adopted on the side of the NB-IoT PRB (from the centre frequency of the host LTE carrier to the BS RF Bandwidth edge, sub-block edge or Inter-RF Bandwidth edge) when the channel bandwidth of the host LTE carrier is smaller than or equal to 5 MHz. The reason that extra frequency offset would not be needed for larger LTE channel bandwidth is that there is wider guard-band within the host LTE carrier to absorb the negative impact of the NB-IoT PRB on the unwanted emission. Note that as agreed in [4], guard-band power boosting should be limited to 6dB for NB-IoT, and NB-IoT should not be very close to the edge of the system bandwidth (frequency offset of at least 200 kHz from the centre frequency of the NB-IoT PRB to the edge of the system bandwidth), otherwise the existing emission masks may not be fulfilled and the requirements for stand-alone operation may have to be applied.

2.3	Stand-alone operation

For stand-alone operation, it is stated in the WIDS:
-	For the stand-alone operation, specify RF requirements to meet (a) GSM mask relevant for NB-IoT or (b) MSR spectral mask depending on the BS operational configuration.
For single carrier NB-IoT BS or BS that only support GSM and NB-IoT multi-carrier operation, the existing GSM emission masks should be reused to allow smooth migration of GSM spectrum into NB-IoT.
For BS that support multi-carrier multi-RAT operation, the existing MSR emission masks for BC2 (as specified in clause 6.6.2.2 of TS 37.104 [3] using the same Foffset, RAT value for NB-IoT as for GSM) should be reused for both BC1 and BC2 to allow smooth migration of GSM spectrum into NB-IoT. Moreover, NOTE 7 in tables 6.6.2.2-2, 6.6.2.2-6 and 6.6.2.2-8 of TS 37.104 [3] (which currently only applies to GSM in BC2) should also apply to NB-IoT in both BC1 and BC2.
However, for BS that only support E-UTRA and NB-IoT multi-carrier operation, the existing E-UTRA Category A and Category B Option 1 masks should be kept as options, in order to allow NB-IoT operation within legacy Rel-8 E-UTRA BS, as MSR BS was only specified in Rel-9.

3.	Conclusion
In this contribution, we have discussed the emission masks that should be specified for each of the three NB-IoT operation modes. Our recommendations are summarized as follows:
1.	For in-band operation, the existing E-UTRA Category A and Category B emission masks (as specified in clause 6.6.3 of TS 36.104 [2]) and the existing MSR emission masks (as specified in clause 6.6.2 of TS 37.104 [3]) should be reused.
2.	For guard-band operation, the existing E-UTRA Category A and Category B emission masks and the existing MSR emission masks should be reused in NB-IoT operation in guard-band when the channel bandwidth of the host LTE carrier is larger than 5 MHz, while an extra frequency offset of 200 kHz should be adopted when the channel bandwidth of the host LTE carrier is smaller than or equal to 5 MHz. And there should be a frequency offset of at least 200 kHz from the centre frequency of the NB-IoT PRB to the edge of the system bandwidth.
3.	For stand-alone operation:
-	For single carrier NB-IoT BS or BS that only support GSM and NB-IoT multi-carrier operation, the existing GSM emission masks should be reused.
-	For BS that support multi-carrier multi-RAT operation, the existing MSR emission masks for BC2 (as specified in clause 6.6.2.2 of TS 37.104 [3] using the same Foffset, RAT value for NB-IoT as for GSM) should be reused for both BC1 and BC2. Moreover, NOTE 7 in tables 6.6.2.2-2, 6.6.2.2-6 and 6.6.2.2-8 of TS 37.104 [3] (which currently only applies to GSM in BC2) should also apply to NB-IoT in both BC1 and BC2.
-	For BS that only support E-UTRA and NB-IoT multi-carrier operation, the existing E-UTRA Category A and Category B Option 1 masks should be kept as options.
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