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1 Background
Band-edge emission at stand-alone and guard-band NB-IoT conditions is regulated by FCC OOB emission requirements. How to test the emission according to the FCC requirement was debated in RAN4 #96-e [1] and it was decided to seek guidance from the FCC on some specific questions which resulted in an LS sent to FCC [2].  In RAN4 #98-e the issue was brought up again [3] and it was decided to wait for the response from FCC [4]. Since no response has been received so far, and since the issues under clarification are related to some specific bands and frequencies only, we bring up this issue again and propose to proceed to 3GPP changes while leaving the open issues as pending the final clarification by FCC.
2 Discussion
The issue is related to band-edge emission at stand-alone and guard-band NB-IoT conditions that is regulated by FCC OOB emission requirements. 
According to 3GPP TS 36.508 [5] the NB-IoT channel in stand-alone and guard-band operating modes may be allocated just at 100kHz offset from the band edges, so the first NB-IoT tone (15kHz or 3.75kHz) will be only about 10kHz from the band edges; see for example for band 12:
Table 8.1.3.1.1.12-1: NB-IoT standalone Test frequencies for operating band 12
	Test Frequency ID
	NUL
	MUL
	Frequency of Uplink [MHz]
	NDL
	MDL
	Frequency of Downlink [MHz]

	Low Range
	23011
	0
	699.1
	5011
	-0.5
	729.1

	Mid Range
	23095
	0
	707.5
	5095
	-0.5
	737.5

	High Range
	23179
	0
	715.9
	5179
	-0.5
	745.9

	NOTE 1: Applicable to either 3.75 kHz or 15 kHz NB-IoT UL subcarrier spacing



Table 8.1.3.1.1.12-3: NB-IoT guard-band Test frequencies for operating band 12
	Test Frequency ID
	LTE Cell Bandwidth [MHz]
	NUL
	MUL
	Frequency of Uplink [MHz]
	NDL
	MDL
	Frequency of Downlink [MHz]

	Low Range
	Any
	23011
	0
	699.1000
	5011
	1
	729.1075

	Mid Range
	5
	23071
	0
	705.1000
	5071
	1
	735.1075

	
	10
	23141
	0
	712.1000
	5141
	1
	742.1075

	High Range
	Any
	23179
	0
	715.9000
	5179
	-2
	745.8925

	NOTE 1: Void
NOTE 2: Applicable to either 3.75 kHz or 15 kHz UL sub-carrier spacing



The low edge of 3GPP band 12 (699-716MHz) is 1MHz offset from the edge of the FCC band 12 (698-716MHz) so at first glance the FCC band-edge spectrum emission requirements is not applicable for the above 3GPP test frequency. Although, it is commonly tested by FCC Labs without taking into account 1MHz offset from FCC band. and FCC confirmation is, therefore, needed if we want to relax the test requirements at this test frequency. If no relaxation is allowed, the operation and the testing at the first NB-IoT EARFCNs in stand-alone and guard-band modes (in the above example NUL=23011) need to be omitted, in order to avoid the violation of the FCC regulation. 
The upper edge of B12 and B17 (716MHz) coincides with upper edge of FCC band 12 (698-716MHz). As was discussed in the previous meetings, it is not possible to meet the FCC emission requirements at the “High Range” 3GPP test frequency (715.9MHz). In order to meet the FCC regulation, it was proposed in the previous meetings, to exclude at least one EARFCN (100kHz) at this band edge [3]. 
The situation at band edges of band 13 is similar to the low edge of band 12. Both band edges of 3GPP band 13 (777-787MHz) are 1MHz offset from the FCC band 13 (776-788 MHz) although the FCC Labs are usually testing the spectrum emission at the edges of 3GPP band, which was also pointed in [7]. 
We are still awaiting the reply on the LS to FCC [2] for clarifying test frequencies for the 3GPP band 13.  If applying the band edge emission requirements immediately at the band edges of band 13 (i.e. without 1MHz offset) is confirmed, the operation and the testing at the first and last  NB-IoT EARFCNs in stand-alone and guard-band modes need to be omitted in order to avoid the violation of the FCC regulation.
[bookmark: _Ref71561794]Observation 1:	The FCC requirements for some frequency bands (bands 12 and 13) are currently under clarification with FCC. If no relaxation is allowed for these frequency bands, changes in the 3GPP specifications are required in these bands in order to avoid violation of FCC requirements.
Similar requirements for avoiding violation of FCC band-edge emission requirements should be applied also in bands 71 and 85. 
The upper edge of the 3GPP band 71 (663-698MHz) coincides with lower edge of  FCC band 698-716MHz and therefore also requires at least 100kHz exclusion at this band edge to meet the FCC regulation.
For B85 both lower and upper edges of B85 (698-716MHz) coincides with the FCC band 12 (698-716MHz) and, thus, at least 100kHz exclusion at both band edges are needed to meet FCC regulation.
For other frequency bands (2, 4, 5, 25, 26, 66, 70) where the FCC rule of -13dBm/1% of  ”emission BW” is defined [8] (27.53(h), 24.238, 22.917), the above FCC limit clearly applies in the 1MHz bands ” immediately outside and adjacent to the licensee’s frequency block”. The ”emission bandwidth” here  is defined at -26dBc power level that may exceed 2kHz significantly, especially in case of 12 SC transmission. Although this RBW requirement is easier than 30kHz BW in bands 12,13,71 and 66 above, it also requires 100kHz offset (exclusion) from the band edges to meet the required -13dBm /1% level.
[bookmark: _Ref47717362]Observation 2:	TS 36.508 for UE test conditions (test frequencies) for both stand-alone and guard-band NB-IoT operation are conflicting with FCC band-edge spectrum emission requirements and the current FCC Labs test practice.
[bookmark: _GoBack]A proposed way to avoid the violation of the FCC regulation is to omit operation at the first and last NB-IoT EARFCNs in stand-alone and guard-band modes (for example NUL=23011 and NUL=23179 in band 12). 
[bookmark: _Ref47717498][bookmark: _Ref61619610]Proposal 1:	Exclude the first and last EARFCNs in TS 36.508 test frequencies for both stand-alone and guard-band IoT operation modes in order to match 3GPP spectrum emission requirements with FCC regulation for all frequency bands were FCC regulation applies. The changes for bands 12 and 13 are pending final clarification with FCC. 

The change of test frequencies, of course, must be accompanied with corresponding NB-IoT deployment – the current BS spec allows 200kHz offset from band edges for NB-IoT in stand-alone operation only as specified in Table 5.6-3A in TS 36.104: 
Table 5.6-3A: Foffset for NB-IoT standalone operation
	Lowest or Highest Carrier
	Foffset

	Standalone NB-IoT
	200 kHz



[bookmark: _Ref71561819]Observation 3:	TS 36.104 for BS allows 200 kHz frequency offset from the operating band edges for NB-IoT standalone operation only. 
[bookmark: _Ref71561838]Proposal 2:	Exclude using the first and the last EARFCNs in TS 36.104 for both stand-alone and guard-band IoT operation modes in order to avoid violation of FCC spectrum emission requirements at 3GPP band edges. The changes in bands 12 and 13 are pending final clarification with FCC.
3 Conclusion
In this contribution, we have discussed NB-IOT testing and operation in standalone and guard-band modes. The following observations and proposals are made:
Observation 1:	The FCC requirements for some frequency bands (bands 12 and 13) are currently under clarification with FCC. If no relaxation is allowed for these frequency bands, changes in the 3GPP specifications are required in these bands in order to avoid violation of FCC requirements.
Observation 2:	TS 36.508 for UE test conditions (test frequencies) for both stand-alone and guard-band NB-IoT operation are conflicting with FCC band-edge spectrum emission requirements and the current FCC Labs test practice.
Observation 3:	TS 36.104 for BS allows 200 kHz frequency offset from the operating band edges for NB-IoT standalone operation only.
Proposal 1:	Exclude the first and last EARFCNs in TS 36.508 test frequencies for both stand-alone and guard-band IoT operation modes in order to match 3GPP spectrum emission requirements with FCC regulation for all frequency bands were FCC regulation applies. The changes for bands 12 and 13 are pending final clarification with FCC.
Proposal 2:	Exclude using the first and the last EARFCNs in TS 36.104 for both stand-alone and guard-band IoT operation modes in order to avoid violation of FCC spectrum emission requirements at 3GPP band edges. The changes in bands 12 and 13 are pending final clarification with FCC.
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