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Introduction
In RAN4#94e-Bis meeting, the issues on NB-IoT band-edge performance against FCC regulation #22.917, #27.53, #24.238 were discussed in [1] and the WF was agreed in [2]. In this paper, we provide the analysis results and propose to exclude 100kHz for NB-IoT on Band 2, 3, 4, 5, 12, 17, 25, 66, 71, 85.
Discussion
 FCC # 27.53 part (c)- Band 13  
As per FCC specification # 27.53 part (c), the band-edge emission requirement is applicable outside 776 – 788MHz. As seen in Figure1, the allowed emissions at band-edge should be attenuated from the desired carrier by 43+10*log(P)dB. Also, the band-edge power must be measured using a resolution bandwidth of at least 30KHz. Since B13 spans from 777 -787 MHz, the devices need to meet the requirements at 1MHz from the edge of band. 
[image: ]
Figure 1: FCC specification 27.53(c) excerpt
For simplicity in simulation, as shown in Figure 2, the band-edge is considered @ 9MHz (i.e. maps to 776MHz) and the first ARFCN center is @ 10.1MHz (i.e. maps to 777.1MHz corresponding to first ARFCN of B13).

[image: ]
Figure 2: Simulation for 1MHz from the edge of band 
Observation 1: NB-IoT devices on Band 13 could meet the FCC # 27.53-part (c) requirements.
FCC # 27.53 part (g)- Band 12, 17, 71 & 85   
As per FCC specification # 27.53 part (g), highlighted in yellow, this spec requires to integrate the band-edge power with RBW of 30KHz.
[image: ]
Figure 3: FCC specification 27.53(g) excerpt
For simplicity in simulation, the band-edge is considered @ 10MHz and the first ARFCN center is @ 10.1MHz.
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Figure 4: First and last ARFCN for NB1 with 12 tone with 30kHz RBW

[image: ]
Figure 5: First and last ARFCN for NB1 with single 3.75kHz tone
From the simulation in Figure 4, simulated Band-edge power is - 4.3dBm which could not meet the FCC Band-edge emission limit 20 – (43+10*log(0.1))=-13dBm. 
As shown in Figure 5, a similar failure will be observed in the last ARFCN for 3.75KHz tone since simulated Band-edge power is 19.8dBm. Then we have the following observation:
Observation 2: With edge ARFCNs, NB-IoT devices fail band-edge limits for FCC # 27.53(g) since FCC mandates to use 30kHz RBW.
As per simulation in Figure 6 and 7,  we can observe that with exclusion to first and last ARFCN, NB-IoT devices can meet FCC band-edge requirement of -13dBm for both 12 tone and single 3.75KHz tone cases. Note that for simplicity in simulation, the band-edge is considered @ 10MHz, first ARFCN is excluded and the second ARFCN centered @ 10.2MHz is shown in blue.
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Figure 6: Exclusion of first and last ARFCN for NB1 with 12 tone with 30kHz RWB
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Figure 7: Exclusion of first and last ARFCN for NB1 with 12 tone with 30kHz RBW

Observation 3: NB-IoT devices on Band 12, 17, 71 & 85 can meet FCC band-edge requirement of -13dBm if we exclude the first and last ARFCN.
FCC # 27.53 part (h)- Band 3, 4 & 66   
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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Figure 8: FCC specification 27.53(h) excerpt
For simplicity in simulation, the band-edge is considered @ 10MHz and the first ARFCN center is @ 10.1MHz.
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Figure 9: First and last ARFCN for NB1 with single 3.75KHz tone with 2kHz RBW
Observation 4: As shown in Figure 9, with 2kHz RBW at band-edge, NB-IoT devices are not able to achieve the required attenuation of 43+10*log(P).
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Figure 10: Exclusion of first and last ARFCN for NB1 with single 3.75KHz tone with 2KHz RBW
Observation 5: With exclusion to first and last ARFCN on B3, 4 and 66, NB-IoT devices can meet FCC band-edge requirement of -13dBm.
FCC # 24.238- Band 2 & 25  
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).
[image: ]
Figure 11: FCC specification 24.238 excerpt
Observation 6: The exclusion of first and last ARFCN for B 2 and 25 is needed to meet FCC # 24.238 band-edge requirement.
FCC # 22.917- Band 5   
[image: ]
Figure 12: FCC specification 22.917 excerpt
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.
Observation 7: The exclusion of first and last ARFCN for B5 is needed to meet FCC # 22.917 band-edge requirement.
In summary, we propose to exclude the first and last ARFCNs for below bands:
i) B12, B17, B71 & B85 to meet FCC # 27.53(g)
ii) B3, B4 & B66 to meet FCC # 27.53(h)
iii) B2 & B25 to meet FCC # 24.238
iv) B5 to meet FCC # 22.917
Proposal 1: Modify the NS_04 to exclude first and last ARFCN for Band 2, 3, 4, 5, 12, 17, 25, 66, 71, 85.
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
	2, 3, 4, 5, 12, 17, 25, 26, 66, 71, 85
	N/A



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 2: Introduce the change on network signalling NS_04 from Rel-14.
Conclusion
In this paper, we provide the analysis results and views on NB-IoT to meet FCC band-edge requirements. We have the following observations and proposals:
Observation 1: NB-IoT devices on B13 could meet the FCC # 27.53-part (c) requirements.
Observation 2: With edge ARFCNs, NB-IoT devices fail band-edge limits for FCC # 27.53(g) since FCC mandates to use 30KHz RBW.
Observation 3: NB-IoT devices on B12, 17, 71 & 85 can meet FCC band-edge requirement of -13dBm if we exclude the first and last ARFCN.
Observation 4: As shown in Figure 9, with 2kHz RBW at band-edge, NB-IoT devices are not able to achieve the required attenuation of 43+10*log(P).
Observation 5: With exclusion of first and last ARFCN on B3, 4 and 66, NB-IoT devices can meet FCC band-edge requirement of -13dBm.
[bookmark: _GoBack]Observation 6: The exclusion of first and last ARFCN for B2 and 25 is needed to meet FCC # 24.238 band-edge requirement.
Observation 7: The exclusion of first and last ARFCN for B5 is needed to meet FCC # 22.917 band-edge requirement.
Proposal 1: Modify the NS_04 to exclude first and last ARFCN for Band 2, 3, 4, 5, 12, 17, 25, 66, 71, 85.
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
	2, 3, 4, 5, 12, 17, 25, 26, 66, 71, 85
	N/A



Proposal 2: Introduce the change on network signalling NS_04 from Rel-14.
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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
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For operations in the 600 MHz band and the 698-746 MHz band, the power of any emission outside
licensee's frequency band(s) of operation shall be attenuated below the transmitter power (P)
ithin the licensed band(s) of operation, measured in watts, by at least 43 + 10 log (P) dB.
ompliance with this provision is based on the use of measurement instrumentation employing a
resolution bandwidth of 100 kilohertz or greater.





image4.png
Ampitude (dB)

NB1 Spectrum
T

20

a0t

S0

5
T

&
T

45 Command Window

poa_avs =

0t

ool 5o |

0

o I I I I I L L
097 098 099 1 101 102 103 104 105

Frequency (KH2) 10t




image5.png
N1 Spectrum
T

o
50
g
00l
o I I I I L L
097 ) 099 101 102 103 04 105
1ot

Frequency (KHz)




image6.png
Amplitude (dB)

NB1 Spectrum

100 -

20—

140

<\ Command Window
psd_dbfs =

25609

fi o>

0.98

099

1.01

1.02
Frequency (KHz)

1.03

1.04

1.05 1.06
x10%




image7.png
NB1 Spectrum
0
T

100 -

4

psd_dbfs =

120 -

68,9787
140 |-

Si o>

160 |-

I I I I I I I
098 099 1 101 1.02 1.03 104 105 1.06
Frequency (KHz) x10%

180




image8.png
IAWS emission limits

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.
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IThe rules in this section govern the spectral characteristics of emissions in the Broadband Personal Communications Service.

a) Out of band emissions. The power of any emission outside of the authorized operating frequency ranges must be attenuated
below the transmitting power (P) by a factor of at least 43 + 10 log(P) dB.

b) Measurement procedure. Compliance with these rules is based on the use of measurement instrumentation employing a
resolution bandwidth of 1 MHz or greater.

. A narrower resolution bandwidth is permitted in all cases to improve measurement accuracy provided the measured
ower is integrated over the full required measurement bandwidth (i.e. 7 MHz or 7 percent of emission bandwidth, as specified).
he emission bandwidth is defined as the width of the signal between two points, one below the carrier center frequency and one
bove the carrier center frequency, outside of which all emissions are attenuated at least 26 dB below the transmitter power.
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IThe rules in this section govern the spectral characteristics of emissions in the Cellular Radiotelephone Service.

(a) Out of band emissions. The power of any emission outside of the authorized operating frequency ranges must b
attenuated below the transmitting power (P) by a factor of at least 43 + 10 log(P) dB.

(b) Measurement procedure. Compliance with these rules is based on the use of measurement instrumentation employing a
reference bandwidth as follows:

(1) In the spectrum below 1 GHz, instrumentation should employ a reference bandwidth of 100 kHz or greater.

narrower resolution bandwidth is permitted in all
ases to improve measurement accuracy, provided that the measured power is integrated over the full required referenc

andwidth (i.e., 700 kHz or 1 percent of emission bandwidlth, as specified). The emission bandwidth is defined as the width o
he signal between two points, one below the carrier center frequency and one above the carrier center frequency, outside o
hich all emissions are attenuated at least 26 dB below the transmitter power.





