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Background
In RAN#98, the technic specification of IoT NTN UE RF requirement 36.102 has been approved [1]. However, a few issues remain in the latest version of the specification, which needs to be clarified and corrected. In this contribution, we share our views on some remaining issues, including the discussion on the A-MPR for NS_24, MPR for cat-M1 16 QAM, and also clarification and refinement for NS_02N and FCC SEM. 

1. [bookmark: _Hlk8895418]Discussion 
0. A-MPR for NB-IoT NS_24
For NS_24, it was proposed in RAN4#105[2] that no A-MPR is needed for NB-IoT but [3.5] dB A-MPR for cat-M1. Though the BW of NB-IoT is smaller than cat-M1 devices, the emission level at a frequency offset equal to or larger than 5 MHz from the upper edge of the channel bandwidths is dominated by the phase noise of the phase lock loop (PLL). 
Observation 1: The emission level at a frequency offset equal to or larger than 5 MHz is dominated by the phase noise of the phase lock loop (PLL). 
To our understanding, there is no significant difference between the cat-M1 and NB-IoT devices regarding the PLL implementation. Therefore, it is proposed to align the A-MPR values for NB-IoT with cat-M1 for NS_24.
Observation 2: No significant difference between the cat-M1 and NB-IoT devices regarding the PLL implementation
Proposal 1: Specifying the same A-MPR values for cat-M1 and NB-IoT for NS_24. 
0. 16 QAM MPR for cat-M1
In 36.102, the Max Power Reduction (MPR) for Cat-M1 over NTN is defined for QPSK only. Therefore, the MPR for cat-M1 16 QAM needs to be added. The same value as the TN requirement should be able to be re-used. 
Proposal 2: The 16 QAM MPR for cat-M1 should be added, and the same value as for TN devices can be re-used. 
0. NS_02N and FCC SEM
NS_02N has been introduced in 36.102 to help NTN NB-IoT UEs to meet the FCC Part §25.202(f) SEM, which is shown below:
[image: ]
The proposed SEM suggests that an NB-IoT device may need a 100 kHz guard band to meet the FCC SEM based on the 3GPP general SEM. In this case, the FCC SEM can be guaranteed to be more relaxed than the general NB-IoT SEM in the 3GPP specification, as shown in Fig. 1 (see the black SEM and blue SEM). 
Observation 3: Table 6.5B.4.4.2-2 in NS_02N is introduced to help IoT NTN devices meet FCC Part §25.202(f) SEM. 
The principle of NS_02N is that a 100 kHz guard band needs to be assigned to enlarge the authorized BW of the devices, so an NB-IoT device that meets the 3GPP general SEM can be guaranteed to meet the FCC SEM. However, due to the lack of context in 36.102, the SEM in Table 6.5B.4.4.2-2 is merely a more relaxed SEM than 3GPP SEM, and its relation to FCC SEM is unclear. More importantly, how such a mechanism (e.g., guard band) can be used for FCC compliance tests is unclear. 
Observation 4: It is unclear how the guard band can be ensured for the FCC compliance test.
Proposal 3: Clarification and refinement on NS_02N are needed to guarantee it can be used for the FCC compliance test. 
To further refine the proposed method, we first share our understanding of the intention of NS_02N. NS_02N indicates that based on the general SEM of NB-IoT devices:
· A 100 kHz guard band is needed to enlarge the “FCC authorized BW” of devices to 400 kHz when the NB-IoT channel is on the edge of the frequency band 
· In this case, the FCC SEM will start from the edge of the frequency band as shown in Fig. 1. (It starts from 50% of the “FCC authorized BW” = 200kHz away from the FCC “assigned frequency”), and meet FCC SEM should be ensured by 3GPP general SEM.
· We also understand that the FCC SEM will not be applied within a frequency band even if multiple operators are assigned. 
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Fig. 1. Th illustration of FCC SEM and guard band based on the intention of NS_02N

Observation 5: A 100 kHz guard band is needed to enlarge the “FCC authorized BW” of devices to 400 kHz when the NB-IoT channel is on the edge of the frequency band.
Proposal 4: RAN4 to confirm the understanding above and capture the needed explanation in a formal document. 
However, how such a method can be applied in the FCC compliance test is unclear. There is neither an explicit indication that a guard band is needed for FCC compliance nor an indication of who should configure such a guard band.  
Proposal 5: It is proposed that the 100 kHz guard band should be specified in the 3GPP explicitly. 
One possible way to specify the 100 kHz is to adopt a similar approach as NS_04 in 36.101. In 36.101, it says, “In case UE receives network signalling value NS_04 on any of the operating bands listed in Table 5.5F-1 then the lower and upper limit of those bands are shown in Table 5.5F-1 to account for the USA emission requirements.”
A similar approach can also be used in this case to specify the guard band to meet the FCC SEM: “In case UE receives network signalling value NS_02N on any of the operating bands listed in Table 5.2-1 then a 100 kHz guard band adjunct to both sides of the NB-IoT channels that next to the lower and upper limit of those bands are shown in Table 5.2-1 to account for the USA emission requirements.”
Proposal 6. RAN4 can consider adding the following sentence to specify the 100 kHz guard band explicitly:
“In case UE receives network signalling value NS_02N on any of the operating bands listed in Table 5.2-1 then a 100 kHz guard band adjunct to both sides of the NB-IoT channels that next to the lower and upper limit of those bands are shown in Table 5.2-1 to account for the USA emission requirements.”
One more thing that can be discussed is if the guard band should be only set on one side as the NB-IoT channel (the side close to the 3GPP band edge) since the FCC SEM will only be required on a single side, to our understanding above. This may help further to improve the spectrum efficiencies of IoT NTN bands. 
Proposal 7. RAN4 can further study if the guard band can be allocated only on one side of the NB-IoT channel. 
In this case, it is our understanding that NS_02N is only for information since it should have no impact on UE implementations and compliance tests as it is more relaxed than the general SEM. Therefore, RAN4 can further discuss how to capture the FCC SEM if the guard band can be explicitly specified.
Observation 6: The current SEM in NS_02N has no impact on UE implementations and compliance tests as it is more relaxed than the general SEM.
Proposal 8: RAN4 can further discuss how to capture the FCC SEM in NS_02N if the guard band can be explicitly specified.
1. Conclusion
In this contribution, we make the following observations and conclusions: 
Observation 1: The emission level at a frequency offset equal to or larger than 5 MHz is dominated by the phase noise of the phase lock loop (PLL). 
Observation 2: No significant difference between the cat-M1 and NB-IoT devices regarding the PLL implementation.
Observation 3: Table 6.5B.4.4.2-2 in NS_02N is introduced to help IoT NTN devices meet FCC Part §25.202(f) SEM. 
Observation 4: It is unclear how the guard band can be ensured for the FCC compliance test.
Observation 5: A 100 kHz guard band is needed to enlarge the “FCC authorized BW” of devices to 400 kHz when the NB-IoT channel is on the edge of the frequency band.
Observation 6: The current SEM in NS_02N has no impact on UE implementations and compliance tests as it is more relaxed than the general SEM.
Proposal 1: Specifying the same A-MPR values for cat-M1 and NB-IoT for NS_24. 
Proposal 2: The 16 QAM MPR for cat-M1 should be added, and the same value as for TN devices can be re-used. 
Proposal 3: Clarification and refinement on NS_02N are needed to guarantee it can be used for the FCC compliance test. 
Proposal 4: RAN4 to confirm the understanding above and capture the needed explanation in a formal document. 
Proposal 5: It is proposed that the 100 kHz guard band should be specified in the 3GPP explicitly. 
Proposal 6. RAN4 can consider adding the following sentence to specify the 100 kHz guard band explicitly:
“In case UE receives network signalling value NS_02N on any of the operating bands listed in Table 5.2-1 then a 100 kHz guard band adjunct to both sides of the NB-IoT channels that next to the lower and upper limit of those bands are shown in Table 5.2-1 to account for the USA emission requirements.”
Proposal 7. RAN4 can further study if the guard band can be allocated only on one side of the NB-IoT channel. 
Proposal 8: RAN4 can further discuss how to capture the FCC SEM in NS_02N if the guard band can be explicitly specified.
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Table 6.5B.4.4.2-2: Additional requirements for "NS_02N"

Afoos Spectrum Emission Limit Measurement

(MHz) (dBm) bandwidth

+[0.1- -2 for PC3 4 kHz
0.3] -5 for PC5

+[0.3- -12 for PC3 4 kHz
0.9] -15 for PC5

+[>0.9] -13 for PC3 and PC5 4 kHz

[NOTE:  Afoos=0.1 corresponds to an authorized bandwidth, as defined in C63.26-2015 [10], of 0.4 MHz .]
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