


[bookmark: Title][bookmark: DocumentFor][bookmark: _Hlk514061252]3GPP TSG-RAN WG4 # 99-e	R4-2110795
Electronic Meeting, May 19-27, 2021

Source:	Qualcomm Incorporated
Title:	NB-IoT FCC emission requirements
Agenda item: 	4.2.2
Document for:	Approval
Introduction
In August 2020 at RAN4#96e, RAN4 sent an LS to the FCC asking for clarification on testing issues related to NB-IoT device certification. In RAN4#98-bis-e meeting, [1] provide the feedback to RAN4 based on the call with FCC.
In this paper, we provide our views on how to solve the issue that NB-IoT UEs could not meet FCC emission requirements.
Discussion
As per the feedback in [1], the FCC emission requirements are applicable on the edge of license blocks in the FCC bands. If operator has continuous license blocks, the FCC emission requirements are applicable on the edge of combined blocks. In addition, FCC emission requirements are not applicable on the 3GPP band edges if they don’t alight with the FCC license edges. Therefore, we have the following observations:
Observation 1: The FCC emission requirements are applicable on the edge of license blocks in the FCC bands. If operator has continuous license blocks, the FCC emission requirements are applicable on the edge of combined blocks.
Observation 2: FCC emission requirements are not applicable on the 3GPP band edges if they don’t alight with the FCC license edges.
Observation 3: The additional spurious emission at FCC license block edges per the FCC specification #27.53 part (c), FCC #27.53(g), FCC #27.53(h), FCC #24.238 and FCC #22.917 shall be reflected in 3GPP spec.

· FCC # 27.53 part (c)
As per FCC specification # 27.53 part (c), the band-edge emission requirement is applicable outside 776 – 788MHz. Per the call with FCC, it was saying ‘FCC license is 776-787 MHz for the uplink. The 3GPP band is 777-787 MHz. The first 100 kHz is below 776 MHz and above 787 MHz for the uplink’. Therefore, the additional emission requirements can be defined as below table:
Table 1: Additional emission requirements per FCC specification # 27.53 part (c)
	Frequency range
(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement bandwidth 

	
	NBIOT Mode
	

	775.9 ≤ f ≤ 776
	-13 dBm
	30 kHz

	787 ≤ f ≤ 787.1
	-13 dBm
	30 kHz



· FCC # 27.53 part (g)
As per FCC specification # 27.53 part (g), the band-edge emission requirement is applicable outside 698 – 746MHz. Referring to the 700MHz band plan, the additional emission requirements can be defined as below table:
Table 2: Additional emission requirements per FCC specification # 27.53 part (g)
	Frequency range
(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement bandwidth 

	
	NBIOT Mode
	

	662.9≤ f ≤ 663
	-13 dBm
	30 kHz

	697.9 ≤ f ≤ 698
	-13 dBm
	30 kHz

	703.9≤ f ≤ 704
	-13 dBm
	30 kHz

	716 ≤ f ≤ 716.1
	-13 dBm
	30 kHz



· FCC # 27.53 part (h)
As highlighted in yellow, this spec allows to integrate the band-edge power with RBW of 1% of emission BW (i.e. 2KHz for NB1/NB2 Waveforms).
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Considering the FCC and 3GPP band definition are aligned on this frequency range, the additional emission requirements can be defined as below table:
Table 3: Additional emission requirements per FCC specification # 27.53 part (h)
	Frequency range
(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement bandwidth 

	
	NBIOT Mode
	

	1709.9 ≤ f ≤ 1710
	-13 dBm
	2 kHz

	1755 ≤ f ≤ 1755.1
	-13 dBm
	2 kHz

	1780 ≤ f ≤ 1780.1
	-13 dBm
	2 kHz

	1785 ≤ f ≤ 1785.1
	-13 dBm
	2 kHz



· FCC # 24.238
Similarly, as per FCC# 24.238, the band-edge power with RBW of 1% of emission BW (i.e. 2kHz) should be used which is similar as FCC # 27.53 part (h). Then the additional emission requirements can be given by the following table: 
Table 4: Additional emission requirements per FCC specification # 24.238
	Frequency range
(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement bandwidth 

	
	NBIOT Mode
	

	1849.1≤ f ≤ 1850
	-13 dBm
	2 kHz

	1910 ≤ f ≤ 1910.1
	-13 dBm
	2 kHz

	1915 ≤ f ≤ 1915.1
	-13 dBm
	2 kHz



· FCC # 22.917
As per FCC# 22.917, the band-edge power with RBW of 1% of emission BW (i.e. 2kHz) should be used which is similar as FCC # 27.53 part (h) and FCC # 24.238.
Table 5: Additional emission requirements per FCC specification # 22.917
	Frequency range
(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement bandwidth 

	
	NBIOT Mode
	

	823.9 ≤ f ≤ 824
	-13 dBm
	2 kHz

	849 ≤ f ≤ 849.1
	-13 dBm
	2 kHz



Proposal 1: RAN4 to define NS signalling to inform the additional requirements to NB-IoT devices. 
---------------Start of the change---------------
6.6.2F.2.3            Minimum requirement (network signalled value "NS_04")
When "NS_04" is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.6.2F.1-1
Table 6.6.2F.2-1: Additional requirements
	Frequency range
(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement bandwidth 

	
	NBIOT Mode
	

	775.9 ≤ f ≤ 776
	-13 dBm
	30 kHz

	787 ≤ f ≤ 787.1
	-13 dBm
	30 kHz

	662.9≤ f ≤ 663
	-13 dBm
	30 kHz

	697.9 ≤ f ≤ 698
	-13 dBm
	30 kHz

	703.9≤ f ≤ 704
	-13 dBm
	30 kHz

	716 ≤ f ≤ 716.1
	-13 dBm
	30 kHz

	1709.9 ≤ f ≤ 1710
	-13 dBm
	2 kHz

	1755 ≤ f ≤ 1755.1
	-13 dBm
	2 kHz

	1780 ≤ f ≤ 1780.1
	-13 dBm
	2 kHz

	1785 ≤ f ≤ 1785.1
	-13 dBm
	2 kHz

	1849.1≤ f ≤ 1850
	-13 dBm
	2 kHz

	1910 ≤ f ≤ 1910.1
	-13 dBm
	2 kHz

	1915 ≤ f ≤ 1915.1
	-13 dBm
	2 kHz

	823.9 ≤ f ≤ 824
	-13 dBm
	2 kHz

	849 ≤ f ≤ 849.1
	-13 dBm
	2 kHz



---------------End of the change---------------

In [2], the simulation was conducted per the emission requirements specified in FCC specification. From the simulation results, we can observe that to meet additional emission requirements, 100kHz exclusion is needed at the license block edges. 
Observation 4: To meet the additional requirements, NB-IoT devices shall exclude 100KHz at the band edges related with frequency ranges listed in the above table 1-4.
Considering the backward compatibility, we could modify the NS_04 to inform the additional requirements and to exclude 100KHz for the frequency blocks edges.
Proposal 2: To modify the NS_04 to inform the additional requirements and to exclude 100KHz for the related E-UTRA bands.
---------------Start of the change---------------
5.5F	Operating bands for category NB1 and NB2
Category NB1 and NB2 are designed to operate in the E-UTRA operating bands 1, 2, 3, 4, 5, 7, 8, 11, 12, 13, 14, 17, 18, 19, 20, 21, 24, 25, 26, 28, 31, 41, 42, 43, 65, 66, 70, 71, 72, 73, 74, 85, 87 and 88 which are defined in Table 5.5-1. Category NB1 and NB2 are designed to operate in the NR operating bands n1, n2, n3, n5, n7, n8, n12, n14, n18, n20, n25, n28, n41, n65, n66, n70, n71, n74, n90.
Category NB1 and NB2 systems operate in HD-FDD duplex mode or in TDD mode.
In case UE receives network signaling value NS_04 on operating band 26 then the lower limit of band 26 uplink is 814.1 MHz and lower limit of downlink is 859.1 MHz to account for the PLMR emission requirement.
In case UE receives network signaling value NS_04 on operating band 2, 3, 4, 5, 17, 25, 66, 71, 85, then the lower and upper 100kHz of uplink and downlink shall be excluded to account for FCC emission requirement.
In case UE receives network signaling value NS_04 on operating band 12 and 13, then the upper 100kHz of uplink and downlink shall be excluded to account for FCC emission requirement.
---------------End of the change---------------

---------------Start of the change---------------
Table 6.2.4F-1: Additional Maximum Power Reduction (A-MPR) for category NB1 and NB2 UE
	Network Signalling value
	Requirements (subclause)
	E-UTRA Band
	A-MPR (dB)

	NS_01
	6.6.2F.1
	Operating bands defined in 5.5F
	N/A

	NS_02
	6.6.2F.2.1
	[1, 2, 3, 5, 8, 11, 12, 13, 17, 18, 19, 20, 21, 25, 26, 28, 66, 70 and 85]
	[N/A]

	NS_03
	6.6.2F.2.2
	[1, 2, 3, 5, 8, 11, 12, 13, 17, 18, 19, 20, 21, 25, 26, 28, 66, 70 and 85]
	[N/A]

	NS_04
	5.5F, 6.6.2F.2.3
	2, 3, 4, 5, 12, 13, 17, 25, 26, 66, 71, 85
	N/A




---------------End of the change---------------
Regarding the options on which release shall apply the change, we propose to introduce this from the same release for Band 26 i.e. Release 14 [3]. Without this change, NB-IoT devices could not pass the FCC requirements. Moreover, this signalling is mainly up to eNB configuration on UE uplink channel, so it would not impact exiting NB-IoT devices which have already supported NS_04 for Band 26. With that, we have the following proposal:
Proposal 3: Introduce the change on network signalling NS_04 from Rel-14.
Conclusion
In this paper, we have the following observations and proposals:
Observation 1: The FCC emission requirements are applicable on the edge of license blocks in the FCC bands. If operator has continuous license blocks, the FCC emission requirements are applicable on the edge of combined blocks.
Observation 2: FCC emission requirements are not applicable on the 3GPP band edges if they don’t alight with the FCC license edges.
Observation 3: The additional spurious emission at FCC license block edges per the FCC specification #27.53 part (c), FCC #27.53(g), FCC #27.53(h), FCC #24.238 and FCC #22.917 shall be reflected in 3GPP spec.
Proposal 1: RAN4 to define NS signalling to inform the additional requirements to NB-IoT devices. 
Observation 4: To meet the additional requirements, NB-IoT devices shall exclude 100KHz at the band edges related with frequency ranges listed in the above table 1-4.
Proposal 2: To modify the NS_04 to inform the additional requirements and to exclude 100KHz for the related E-UTRA bands.
Proposal 3: Introduce the change on network signalling NS_04 from Rel-14.
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1) General protection levels. Except as otherwise specified below, for operations in the 1695-1710 MHz, 1710-1755 MHz, 1755
1780 MHz, 1915-1920 MHz, 1995-2000 MHz, 2000-2020 MHz, 2110-2155 MHz, 2155-2180 MHz, and 2180-2200 bands, the power|
of any emission outside a licensee's frequency block shall be attenuated below the transmitter power (P) in watts by at least 43 + 10|
og10 (P) dB.

(3) Measurement procedure.

(i) Compliance with this provision is based on the use of measurement instrumentation employing a resolution bandwidth of 1
Imegahertz or greater. However, in the 1 megahertz bands immediately outside and adjacent to the licensee's frequency block

The emission bandwidth is defined as the width of the signal between two points, one below the carrier center frequencyj
nd one above the carrier center frequency, outside of which all emissions are attenuated at least 26 dB below the transmitter
ower.





