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1.	Introduction
In RAN4#95e meeting, the issues on NB-IoT band-edge performance against FCC regulation #22.917, #24.238 and #27.53 (c)/(g)/(h) were discussed in [1] [2]. To meet the FCC regulatory requirements, the NS solution to exclude 100kHz for NB-IoT devices on Band 2, 4, 5, 12, 17, 25, 66, 71, 85 was proposed but no agreements were reached due to the concerns on potential backward compatibility issue. Then a WF [3] was approved to further investigate the backward compatibility issues if NS solution is used in the network. In this paper, we provide our further considerations.
2. 	Discussion
Per discussion in RAN4#94bis-e and #95e meeting, recently NB-IoT devices have been failing to pass the FCC regulatory requirements in # 27.53 part (c)/ (g)/ (h), #24.238 and #22.917. Note that those FCC regulation are not new rules, but FCC test house are forcing to test above existing rules. In [5], the FCC report published on November 13, 2019 mentioned the issue on Band 12 and Band 13 which is due to using less than 30kHz resolution bandwidth for measuring band emissions outside the band. And we believe other bands which were proposed to reserve guard band in [1] will have the same problem once FCC starts to implement the rules on Band 2, 4 5, 17, 25, 66, 71 and 85.
Note that Band 13 was not proposed in [1] since per FCC specification # 27.53 part (c) (shown highlighted in Fig. 1), it says the band-edge emission requirement is applicable outside 776 – 788MHz. While Band 13 spans from 777 -787 MHz, therefore we thought the devices on Band 13 need to meet the requirements at 1MHz from the edge of band. With 1MHz gap, devices can meet the requirements without any guard band. 
[image: ]
Figure 1: FCC specification 27.53(c) excerpt
But based on the statements in FCC report, we believe the emission requirement of -13dBm/30kHz has been verifying for Band 13 where no gap from the edge of band is considered.
Observation 1: For FCC specification #27.53(c), the emission of -13dBm/30kHz is verifying at the band edge of Band 13 which spans from 777-787MHz. 
Therefore, we can further put the NB-IoT FCC regulation issues into two categories: 1). FCC # 27.53 part (c) and part (g) in which -13dBm emission requirements need to meet with 30kHz RBW. 2). FCC # 27.53 part (h), #24.238 and #22.917 in which -13dBm emission requirements need to meet with 1% emission bandwidth i.e., 2kHz as the RBW. 
1) [bookmark: _Hlk47722980]FCC # 27.53 part (c) and part (g)
As discussed in [1], when devices operating in first and last ARFCN’s on the bands, we observe that a portion of the desired NB-IoT channel power would overlap with 30KHz RBW and would get accounted as part of band-edge emissions as shown in Fig. 1. This leads to band-edge failures as per FCC # 27.53 (c) and (g) specification. 
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Fig.1. Band-edge Measurement with 30KHz RBW overlapping with Desired NB-IoT carrier
Based on the simulation results in [1], we proposed to exclude 100kHz on the bands fall into the required frequency range in FCC specification. Note that waveform roll-off in the simulation in [1] is from modem but we might have effects from RF which can cause channel specific degradation. 
On the other hand, as shown in Table 1, all NB-IoT devices have been designed to guarantee 3GPP SEM requirements in Table 6.6.2F.1-1 of TS36.101. While compared with FCC regulation which is -13dBm/30kHz at immediate 100kHz outside the channel edge, we can observe that even with 100kHz exclusion, the devices which are based on 3GPP SEM with -5dBm/30kHz at ΔfOOB of 100kHz, could not meet the FCC requirements.
Table 6.6.2F.1-1: category NB1 and NB2 UE spectrum emission mask
	ΔfOOB (kHz)
	Emission limit (dBm)
	Measurement bandwidth

	 0
	26
	30 kHz 

	 100
	-5
	30 kHz

	 150
	-8
	30 kHz

	 300
	-29
	30 kHz

	 500-1700
	-35
	30 kHz



Observation 2: Even with 100kHz exclusion, the devices which are based on 3GPP SEM could not meet the FCC requirements of -13dBm/30kHz at immediate 100kHz outside the channel edge.
Therefore, to meet with 3GPP general NB-IoT SEM requirements, 200kHz exclusion is needed at the band-edge for the bands related with FCC # 27.53 part (c) and part (g).
Proposal 1: To meet FCC # 27.53 part (c) and part (g) requirements, 200kHz exclusion is needed for Band 13, 12, 17, 71 and 85.   
2) FCC # 27.53 part (h), # 24.238, and # 22.917
As per FCC # 27.53 part (h), # 24.238, and # 22.917, the band-edge power with RBW of 1% of emission BW (i.e. 2kHz) should be used. Therefore, the FCC emission requirement at 1MHz immediate outside Band 4, 66, 2, 25, and 5 should meet -13dBm/2kHz. Compared with 3GPP general SEM, we can observe that NB-IoT devices with 100kHz exclusion from band edge can meet the FCC requirements.
Proposal 2: The exclusion of first and last 100kHz for Band 4, 66, 2, 25, and 5  is needed to meet FCC # 27.53 part (h), # 24.238, and # 22.917 band-edge requirement.
3) Backward compatibility issue with NS solution
To solve the FCC issues, NS solution i.e. use NS_04 to inform UE not to access the first and last 100/200kHz from the band-edge was proposed. Based on the discussion in last meeting, the potential backward compatibility issue is the legacy UEs on the impacted bands rather than Band 26 can’t understand NS_04. 
In our view, multiple NS could be a solution here. For example, network can signal NS_04 in SIB1-NB while signal NS_01 in SIB2-NB. 
· For the legacy UEs supporting multiple NS, NS_04 is prioritized. But due to UEs could not understand NS_04, then NS_01 in SIB2 is the fall-back value. 
· For the legacy UEs not supporting multiple NS, only NS_01 in SIB2 can apply.
Therefore, we can conclude that multiple NS could solve the backward compatibility issue for NS_04 solution.
Observation 3: Multiple NS could solve the backward compatibility issue if NS_04 is introduced to meet FCC regulation.
Propose 3: Modify the NS_04 to exclude the first and last 200kHz for Band 13, 12, 17, 71, 85 and exclude the first and last 100kHz for Band 4, 66, 2, 25, 5 .
3.    Conclusion
In this paper, we provide further considerations on FCC NB-IoT issues and propose solution to meet FCC regulatory requirements. Based on the above discussion, we have the following observations and proposals:
Observation 1: For FCC specification #27.53(c), the emission of -13dBm/30kHz is verifying at the band edge of Band 13 which spans from 777-787MHz. 
Observation 2: Even with 100kHz exclusion, the devices which are based on 3GPP SEM could not meet the FCC requirements of -13dBm/30kHz at immediate 100kHz outside the channel edge.
Proposal 1: To meet FCC # 27.53 part (c) and part (g) requirements, 200kHz exclusion is needed for Band 13, 12, 17, 71 and 85.   
Proposal 2: The exclusion of first and last 100kHz for Band 4, 66, 2, 25, and 5  is needed to meet FCC # 27.53 part (h), # 24.238, and # 22.917 band-edge requirement.
Observation 3: Multiple NS could solve the backward compatibility issue if NS_04 is introduced to meet FCC regulation.
Propose 3: Modify the NS_04 to exclude the first and last 200kHz for Band 13, 12, 17, 71, 85 and exclude the first and last 100kHz for Band 4, 66, 2, 25, 5 .
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For operations in the 746-758 MHz band and the 776-788 MHz band, the power of any emission outside the licensee's frequency
band(s) of operation shall be attenuated below the transmitter power (P) within the licensed band(s) of operation, measured in
watts, in accordance with the following:

1) On any frequency outside the 746-758 MHz band, the power of any emission shall be attenuated outside the band below the
transmitter power (P) by at least 43 + 10 log (P) dB;

2) On any frequency outside the 776-788 MHz band, the power of any emission shall be attenuated outside the band below the
transmitter power (P) by at least 43 + 10 log (P) dB;

3) On all frequencies between 763-775 MHz and 793-805 MHz, by a factor not less than 76 + 10 log (P) dB in a 6.25 kHz band
segment, for base and fixed stations;

4) On all frequencies between 763-775 MHz and 793-805 MHz, by a factor not less than 65 + 10 log (P) dB in a 6.25 kHz band
segment, for mobile and portable stations;

5) Compliance with the provisions of paragraphs (c)(1) and (c)(2) of this section is based on the use of measurement

nstrumentation employing a resolution bandwidth of 100 kHz or greater. However, in the 100 kHz bands immediately outside and





image2.png
Bin position for 30KHz RBW @ NB1 channel-edge

15KHZ Sub-carrier @ pos -0, (ie. centered @ 82.5KHz
from LO)

A
LO fchannetcontr)

200KHz NB1 channel —|





