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<< Start of change >>
7.3 Evaluation of Regulatory Spectrum Emissions Masks
7.3.1 Evaluation of Cat. NB1/NB2 Device Spectral Emissions from Company A
In order to assess whether the existing MPR requirements are sufficient for Extended L-band (b253), we utilise a set of reference measurements, and compare these to the spectrum emissions requirements for the relevant ETSI and FCC specifications. The measurements used assume PC3 devices transmitting at maximum output power as specified within TS 36.102 in Table 6.2B.1-1 as 23dBm +/-2dB.
The reference measurements were taken from real UEs, one being an NB-IoT device currently on the market and the other being a development board effectively just serving to test the chipset module itself. Using two different PC3 devices with differing levels of optimisation serves to demonstrate that the spectrum emissions requirements mandated by ETSI and FCC, and also requirements specified by 3GPP, can be met. As these devices are designed to meet these requirements, it is expected they can do it with good margin to cover variation over e.g. production tolerances and temperature. Emission levels can vary significantly with e.g. different optimizations for best performance vs. best efficiency, over wider range of devices and environmental conditions.
The reference measurement data were obtained as per the test procedure outlined in TS 36.521-4 section 6.5B.3 for out of band emissions for category NB1 and NB2. It should be noted that the 3GPP NB-IoT SEM mask uses different measurement bandwidth than the ETSI EN 301 681 and FCC mask. This can give an approximation of the performance, but is not fully equivalent to measurements with very narrow measurement bandwidth.  
The relevant ETSI EN 301 681 specification outlines the edge of band requirements for b253 operation in Table 3a, and outlines the in-band requirements in Table 4. The immediate edge of band spectrum emissions mask in Table 3a is identical to that of the in-band mask in Table 4, therefore an analysis of the spectrum emissions profile at the edge of the narrowband channel would serve as a suitable analysis for both out-of-band and in-band spectrum emissions performance.
When comparing the 3GPP spectrum emissions mask specified in Table 6.5B.3.2-1 in TS 36.102 with Table 3a in the ETSI EN 301 681 specification, it can be seen that the ETSI emission mask is more stringent than 3GPP emission mask within a range around 65kHz in between 100 kHz -200 kHz offset from the channel edge.

[image: ]
Figure 7.3.1-1 ETSI EN 301 681 vs 3GPP 36.102 Spectrum Emissions Masks
The relevant FCC specification is provided in [2] and compared to the 3GPP spectrum emissions mask specified in Table 6.5B.3.2-1 in TS36.102. It can be seen that the 3GPP emissions mask is more stringent than the FCC emissions mask for the entirety of the spectrum of interest. 3GPP specifies the FCC mask to apply from at 90 kHz offset from edge of channel for NS_02N and it is worth noting that in current 3GPP specifications FCC requirements are not applicable for band 253. 
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Figure 7.3.1-2 FCC Part 25 vs 3GPP 36.102 Spectrum Emissions Masks
Measurements were taken using multiple tone spacing and index allocations as follows:
Table 7.3.1-1 Real Device Spectrum Emissions Testing Tone Information
	Test ID
	Subcarrier Spacing [kHz]
	Number of Tones
	Tone Index Positions

	1
	3.75
	1
	0

	2
	3.75
	1
	47

	3
	15
	1
	0

	4
	15
	1
	11

	5
	15
	3
	0-2

	6
	15
	3
	3-5

	7
	15
	3
	9-11

	8
	15
	6
	0-5

	9
	15
	6
	6-11

	10
	15
	12
	0-11



Two reference measurements were taken with two different PC3 devices, named Device #1 and Device #2, as a comparison between two different emission profiles.
For the single 3.75kHz tone configurations (Test IDs 1 and 2) the results when compared to the ETSI and FCC emissions masks were as follows:
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Figure 7.3.1-3 ETSI SEM vs Reference Measured Emissions – 3.75kHz Single Tone
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Figure 7.3.1-4 FCC SEM vs Reference Measured Emissions – 3.75kHz Single Tone
For the single 15kHz tone configurations (Test IDs 3 and 4) the results when compared to the ETSI and FCC emissions masks were as follows:
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Figure 7.3.1-5 ETSI SEM vs Reference Measured Emissions – 15kHz Single Tone
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Figure 7.3.1-6 FCC SEM vs Reference Measured Emissions – 15kHz Single Tone
For the 15kHz 3-tone configurations, where the tones are allocated at the edge of the channel (Test IDs 5 and 7) the results when compared to the ETSI and FCC emissions masks were as follows:
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Figure 7.3.1-7 ETSI SEM vs Reference Measured Emissions – 15kHz 3-Tone
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Figure 7.3.1-8 FCC SEM vs Reference Measured Emissions – 15kHz 3-Tone
For the 15kHz 6-tone configurations (Test IDs 8 and 9) the results when compared to the ETSI and FCC emissions masks were as follows:
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Figure 7.3.1-9 ETSI SEM vs Reference Measured Emissions – 15kHz 6-Tone
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Figure 7.3.1-10 FCC SEM vs Reference Measured Emissions – 15kHz 6-Tone
For the 15kHz 12-tone configuration (Test IDs 10) the results when compared to the ETSI and FCC emissions masks were as follows:
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Figure 7.3.1-11 ETSI SEM vs Reference Measured Emissions – 15kHz 12-Tone
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Figure 7.3.1-12 FCC SEM vs Reference Measured Emissions – 15kHz 12-Tone
7.3.1.1 Conclusions from company A

From comparison of the spectrum emission masks with real device reference measurements, we have reached the following conclusion.
For compliance with ETSI regulations specified in EN 301 681 for both in-band (Table 4) and out-of band (Table 3a) emissions, an A-MPR may not be needed, as the real PC3 device emissions presented in this report are expected to be either already within the values of the ETSI emission mask, or to be accommodated via the existing base MPR, which are thus sufficient. 
For compliance with FCC regulations detailed in [2], no A-MPR values are required to be specified, as the real PC3 device emissions levels are below the FCC mask with a 90kHz frequency offset from the channel edge via the existing base MPR, which is thus sufficient. This is already reflected in the band 255 requirements, where no A-MPR was defined for  NS_02N.
N.B. due to the devices being real devices that are currently on the market, the details for the calibration of the power amplifiers and IQ-impairment levels are unknown, meaning there is variability between the results shown and other devices.

<< End change >>
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