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[bookmark: _Ref118733503]Introduction
The RF requirement tested with zero doppler pre-compensation is agreed for NTN.  But there is still unclearness on how the network deploy the spectrum considering the maximum doppler frequency and relation to the regulatory requirement.
In this paper, we present our view on this apsect.
Discussion
There are some regulatory requirements relating to the doppler frequency shift for the NTN network. 
In ITU SM.1541, this is reflected in the definition of the assigned frequency band:
Assigned frequency band 
1.147 assigned frequency band: The frequency band within which the emission of a station is authorized; the width of the band equals the necessary bandwidth plus twice the absolute value of the frequency tolerance. Where space stations are concerned, the assigned frequency band includes twice the maximum Doppler shift that may occur in relation to any point of the Earth’s surface.

1.3.1.1 Location of the adjacent band 
This band is centred on the adjacent assigned frequency band in the allocated band in which the transmitter operates. 
For worst-case considerations, this band is located closer to the transmitter by an amount equal to that of the permissible frequency drift of the transmitter, plus any Doppler frequency difference.
 In FCC, the related requirement as below:
§ 25.129 Equipment authorization for portable earth-station transceivers.
(a) Except as expressly permitted by § 2.803 or § 2.1204 of this chapter, prior authorization must be obtained pursuant to the equipment certification procedure in part 2, subpart J of this chapter for importation, sale or lease in the United States, or offer, shipment, or distribution for sale or lease in the United States of portable earth-station transceivers subject to regulation under part 25. This requirement does not apply, however, to devices imported, sold, leased, or offered, shipped, or distributed for sale or lease before November 20, 2004. 
(b) For purposes of this section, an earth-station transceiver is portable if it is a “portable device” as defined in § 2.1093(b) of this chapter, i.e., if its radiating structure(s) would be within 20 centimeters of the operator's body when the transceiver is in operation. 
(c) In addition to the information required by § 2.1033(c) of this chapter, applicants for certification required by this section shall submit any additional equipment test data necessary to demonstrate compliance with pertinent standards for transmitter performance prescribed in §§ 25.138, 25.202(f), 25.204, 25.209, and 25.216, must demonstrate compliance with the labeling requirement in § 25.285(b), and shall ensure compliance with the Commission's radio frequency exposure requirements in §§ 1.1307(b), 2.1091, and 2.1093 of this chapter, as appropriate. An Environmental Assessment may be required if RF radiation from the proposed facilities would, in combination with radiation from other sources, cause RF power density or field strength in an accessible area to exceed the applicable limits specified in § 1.1310 of this chapter. Applications for equipment authorization of mobile or portable devices operating under this section must contain a statement confirming compliance with these requirements. Technical information showing the basis for this statement must be submitted to the Commission upon request. 
(d) Applicants for certification required by this section must submit evidence that the devices in question are designed for use with a satellite system that may lawfully provide service to users in the United States pursuant to an FCC license or order reserving spectrum.

§ 25.142 Licensing provisions for the non-voice, non-geostationary Mobile-Satellite Service.
(a) Space station application requirements. 
(1) Each application for a space station system authorization in the non-voice, non-geostationary mobile-satellite service shall describe in detail the proposed non-voice, non-geostationary mobile-satellite system, setting forth all pertinent technical and operational aspects of the system, and the technical and legal qualifications of the applicant. In particular, each application shall include the information specified in § 25.114. Applicants must also file information demonstrating compliance with all requirements of this section, and showing, based on existing system information publicly available at the Commission at the time of filing, that they will not cause unacceptable interference to any non-voice, non-geostationary mobile-satellite service system authorized to construct or operate. 
(2) Applicants for a non-voice, non-geostationary Mobile-Satellite Service space station license must identify the power flux density produced at the Earth's surface by each space station of their system in the 137-138 MHz and 400.15-401 MHz bands, to allow determination of whether coordination with terrestrial services is required under any applicable footnote to the Table of Frequency Allocations in § 2.106 of this chapter. In addition, applicants must identify the measures they would employ to protect the radio astronomy service in the 150.05-153 MHz and 406.1-410 MHz bands from harmful interference from unwanted emissions. 
(3) Emission limitations. 
(i) Applicants in the non-voice, non-geostationary mobile-satellite service shall show that their space stations will not exceed the emission limitations of § 25.202(f) (1), (2) and (3), as calculated for a fixed point on the Earth's surface in the plane of the space station's orbit, considering the worst-case frequency tolerance of all frequency determining components, and maximum positive and negative Doppler shift of both the uplink and downlink signals, taking into account the system design.
47 CFR § 2.1 - Terms and definitions.
Assigned Frequency Band. The frequency band within which the emission of a station is authorized; the width of the band equals the necessary bandwidth plus twice the absolute value of the frequency tolerance. Where space stations are concerned, the assigned frequency band includes twice the maximum Doppler shift that may occur in relation to any point of the Earth's surface. 

[bookmark: _Ref118733466]In both FCC and ITU regulatory requirement, the maximum doppler frequency should be taking account in space stations. There is no such consideration in the earth stations. Meaning the UE shall not transmit outside its assigned channel.
[bookmark: _Ref118733477]In FCC 25.142, the emission requirement should be met considering the worst-case frequency tolerance with the maximum positive and negative doppler shift.

The NB-IoT has only 10kHz guard band, but the maximum doppler frequency shift is 50kHz for LEO600, this will make the UE transmit outside its configured channel with maximum doppler frequency pre-compensation and as such there is a need to understand whether it is allowed for UE transmission outside its assigned channel in such case.  A relating question is the interpretation of emission requirement compliance when pre-comp is enabled and this in turn relating to at which frequency point the emission mask should be tested. 
In regulation requirement, the maximum doppler shift consideration is only considered for space station but not the earth station. This means the emission mask should not be moved and this corresponds to the case (2) in Figure 1. For NB-IoT case, if it is allowed for NB-IoT to make maximum pre-compensation, the NB-IoT will transmit outside the configured channel bandwidth, as this is not stated in regulatory.
[bookmark: _Ref118733489]UE emission mask shall be started at the edge of the configured channel bandwidth according to regulatory.
It is our understanding that UE will shift the LO frequency to make the doppler frequency compensation, thus if the emission mask can not be moved, the pre-compensation function should be disabled in such case. However, UE can move the allocated RB within RB grid in a configured channel when pre-compensated doppler frequency enabled without moving LO. In this case, the network needs to avoid the scheduling of edge PRB which could make UE transmit outside RB grid with pre-compensation enabled. But such implementation is not discussed, and the simple LO shift is assumed for UE pre-compensation. 
[bookmark: _Ref118733513]The pre-compensation shall be disabled to comply the regulatory requirement at the band edge or adjacent to another operator if the LO shift is used for pre-compensation
It should be also understood that operator may assume the UE shifts its LO for pre-compensation if this is within its own assigned frequency block. This is further discussed in different scenarios below.



[bookmark: _Ref118287487]Figure 1:UE shift LO frequency for pre-compensation 


The interpretation of the the doppler shift in relation to the network configured channel is summarized in below scenarios:
[image: ]

[bookmark: _Ref118287504]Figure 2:Scenario 1: Network configure S1 + 2x fd1 and S2 + 2x fd2 , UE transmit only within configured S1 and S2
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[bookmark: _Ref118287516]Figure 3: Scenario #2-1:  Network configure S1 and S2, UE transmit S1 + 2x fd1 and S2 + 2x fd2
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[bookmark: _Ref118449901]Figure 4: Scenario #2-2:  Network configure S1 + 2fd1 and S2 + 2fd2 , UE transmit S1 + 2x fd1 and S2 + 2x fd2

[image: ]
[bookmark: _Ref118287523]Figure 5: Scenario #3-1: Network configure S1 + 2fd1 and S2+2fd2, allowing UE to transmit outside S1 and S2 subject to operator’s agreement. 
[image: ]
[bookmark: _Ref118287608]Figure 6: Scenario #3-2: Network configure S1+ 2fd1 with additional regulatory guard band fd1 to the adjacent channel from incumbent service, UE transmit S1 + 2x fd1



The NTN operator can configure the channel differently according to scenario 1 to 3-2.  Scenario 3-1 to 3-2 are configurations at the adjacent channel from another operator where regulatory requirements shall apply, the adjacent service operator could be either another NTN operator or incumbent service operator. 
In scenario 1 in Figure 2, operator configures the channel with additional maximum doppler frequency. The UE is not allowed to transmit outside its assigned channel, this is according to the regulatory requirement understanding. UE emission mask shall be at the edge of the configured channel. 
In scenario 2-1  in Figure 3 , the same operator configures S1 and S2. operator does not configure additional spectrum to accommodate the maximum doppler frequency within its own licensed frequency block and relying on the UE pre-comp function to cancel the doppler frequency. UE is allowed to transmit outside the assigned channel with pre-comp. this will cause additional co-channel interference, but as this is within its own frequency block, operator can do this if the co-channel interference from adjacent cell can be tolerated. The UE is allowed to transmit outside the configured channel.
In scenario 2-2 in Figure 4, the same operator configures S1 and S2. Operator configures additional spectrum to accommodate the maximum doppler frequency within its own licensed frequency block and relying on the UE pre-comp function to cancel the doppler frequency. UE is allowed to transmit outside the assigned channel with pre-comp. There may not be co-channel interference if fd1=fd2. UE is allowed to transmit outside the configured channel.

In scenario 3-1 in Figure 5, the two operators are both NTN operator. The operators configure additional spectrum to accommodate the maximum doppler frequency within its own licensed frequency block. Whether to allow the UE to transmit outside its assigned channel may depend on the operators’ agreements and outside the RAN4 scope.  If only following the regulatory requirement, UE shall not be allowed to transmit outside its assigned channel bandwidth. But as the guard band between two operators is fd1 +fd2, the interference caused by doppler frequency shift from adjacent cell could be protected by operator own guard band if fd1=fd2 and in such a case, UE may be allowed to transmit outside its assigned channel, but this is subject to operator’s agreements. 
In scenario 3-2 in Figure 6 , one of the operators is NTN and the other is from incumbent service. To comply the regulatory requirement, NTN operator need configure additionally the maximum doppler frequency at space station and UE is NOT allowed to transmit outside the configured channel. However, NTN operator can configure additional guard band of maximum doppler frequency shift as to prevent the UE co-channel interference leaking into the incumbent service. This then would allow the UE to transmit outside its configured channel.  However, this is not according to the regulatory and how to comply the regulatory requirement in this way need further discuss with regulatory body. 

[bookmark: _Ref118733521]The UE can transmit outside the configured channel if the channel is within the operator frequency block and not adjacent to the other operator or at the band edge. 

[bookmark: _Ref118733533]UE is not allowed to transmit outside the assigned channel when the channel is adjacent to another NTN operator or incumbent service or at the band edge. 

The above discussion is summarized in Table 1 below.

		Table 1: Scenario summary 
	Scenario #
	Allow UE to transmit outside the assigned channel bandwidth
	UE Pre-comp 
function
	Other comments and condition

	1
	NO
	Disabled 
	Comply the regulatory requirement

	2-1
	Yes
	Enabled
	Within the operators own licensed frequency block

	2-2
	yes
	Enabled
	Within the operators own licensed frequency block

	3-1
	NO

	Disabled 
	Need to comply the regulatory requirement when adjacent to another operator, 
UE may allow to transmit outside its assigned channel subjects to operators’ agreements but outside RAN4 scope.

	3-2
	NO

	Disabled
	Need to comply the regulatory requirement at the frequency block edge from one operator. 
UE may allow to transmit outside its assigned channel if additional guard band could protect the interference caused by UE pre-comp but outside RAN4 scope.



Current RAN1 specification allow the UE to make the pre-compensation for doppler frequency during the RRC connection. According to discussion above, there are circumstances that UE is not allowed to transmit outside its assigned channel bandwidth to comply current regulatory requirement. There are possible cases to allow the UE to transmit outside its assigned channel as discussed in scenario 3-1 and 3-2, but this would need additional operator’s agreement or different interpretation of the current regulatory requirement and not within the RAN4 scope. A LS would be needed to RAN1 to notify RAN1 to add condition on such pre-comp, e.g not allowed to transmit outside its assigned channel to comply the regulatory requirement at the channel adjacent to another operator and the band edge.

[bookmark: _Ref118733542]RAN4 discuss the above scenarios and possible LS to RAN1 to confine the pre-compensation within the assigned channel bandwidth when notified by network.
Conclusions
In this contribution, we present our view on how the network deploy the spectrum considering the maximum doppler frequency and relation to the regulatory requirement with below the observations and proposal:
Observation 1 In both FCC and ITU regulatory requirement, the maximum doppler frequency should be taking account in space stations. There is no such consideration in the earth stations. Meaning the UE shall not transmit outside its assigned channel.
Observation 2 In FCC 25.142, the emission requirement should be meet considering the worst-case frequency tolerance with the maximum positive and negative doppler shift.
Observation 3 UE emission mask shall be started at the edge of the configured channel bandwidth according to regulatory.
Observation 4 The pre-compensation shall be disabled to comply the regulatory requirement at the band edge or adjacent to another operator if the LO shift is used for pre-compensation
Observation 5 The UE can transmit outside the configured channel if the channel is within the operator frequency block and not adjacent to the other operator or at the band edge.
Observation 6 UE is not allowed to transmit outside the assigned channel when the channel is adjacent to another NTN operator or incumbent service or at the band edge.
Proposal-1: RAN4 discuss the above scenarios and possible LS to RAN1 to confine the pre-compensation within the assigned channel bandwidth when notified by network.
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